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Dear Ms. Foss,

Enclosed is the 11t Cycle of Groundwater Standards Proposals. This packet includes
proposals for new standards for 22 substances. Our recommendations include individual
standards for 6 pesticides, individual standards for 12 per- and polyfluoroalkyl substances
(PFAS), and combined standards for 4 PFAS. We did not recommend standards for 18 PFAS
because of limited health information. Also enclosed with this letter is a summary table of
our recommendations.

Please contact me if you have any questions regarding these recommendations. We look
forward to working with you over the coming months as you use these proposals in rule-
making.

Sincerely,
y

Stephanie Smiley
Interim State Health Office and Division Administrator
Division of Public Health
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Summary of Cycle 11 Recommendations

Recommended Recommended
Enforcement Preventive

Substance Standard® Action Limit®
Metalaxyl 800 pg/L 160 pg/L
Chlorantraniliprole 16 mg/L 3.2 mg/L
Flumetsulam 10 mg/L 2 mg/L
Fomesafen 25 pg/L 5 ug/L
Hexazinone 400 pg/L 40 pg/L
Saflufenacil 460 pg/L 46 pg/L
Perfluorotridecanoic acid (PFTriA)™ No recommendations
Perfluorotetradecanoic acid (PFTeA) 10 pg/L 2 ug/L
Perfluorobutanoic acid (PFBA) 10 pg/L 2 ug/L
Perfluoropentanoic acid (PFPeA)! No recommendations
Perfluorohexanoic acid (PFHxA) 150 pg/L 30 pg/L
Perfluoroheptanoic acid (PFHpA) No recommendations
Perfluorononanoic acid (PFNA) 30 ng/L 3 ng/L
Perfluorodecanoic acid (PFDA) 300 ng/L 60 ng/L
Perfluoroundecanoic acid (PFURA) 3 ug/L 0.6 pg/L
Perfluorobutanesulfonic acid (PFBS) 450 pg/L 90 pg/L
Perfluorohexanesulfonic acid (PFHxS) 40 ng/L 4 ng/L
Perfluoroheptanesulfonic acid (PFHpS)' No recommendations
Perfluorooctane sulfonamide (FOSA) 20 ng/L” 2 ng/L’
N-Ethyl Perfluorooctane sulfonamide (NEtFOSA)
N-Ethyl perfluorooctane sulfonamidoacetic acid (NEtFOSAA)
N-Ethyl perfluorooctane sulfonamidoethanol (NEtFOSE)
Perfluorododecanoic acid (PFDoA) 500 ng/L 100 ng/L
6:2 Fluorotelomer sulfonic acid (6:2 FTSA)®™ No recommendation
8:2 Fluorotelomer sulfonic acid (8:2 FTSA)" No recommendation
Perfluorodecanesulfonic acid (PFDS) No recommendations
Perfluoropentanesulfonic acid (PFPeS)" No recommendations
Hexafluoropropylene oxide dimer acid (HFPO-DA; GenX)"! 300 ng/L 30 ng/L
4:2 Fluorotelomer sulfonic acid (4:2 FTSA)' No recommendations
10:2 Fluorotelomer sulfonic acid (10:2 FTSA){ No recommendations
Perfluorohexadecanoic acid (PFHxDA)'i No recommendations
Perfluorooctadecanoic acid (PFODA) 400 pg/L 80 pg/L

4,8-Dioxa-3H-perfluorononanoic acid (DONA) 3 ug/L 0.6 pg/L




9-chlorohexanedecafluoro-3-oxanonane-1-sulfonic acid No recommendations
(9CI-PF30ONS; F-53B Major)'ii v

11-chloroeicosafluoro-3-oxaundecane-1-sulfonic acid No recommendations
(11CI-PF30UdS; F-53B Minor)': V)

Perfluorododecanesulfonic acid (PFDoS)( No recommendations
Perfluorononanesulfonic acid (PFNS)‘ No recommendations
N-Methyl Perfluorooctane sulfonamide (NMeFOSA) No recommendations
N-Methyl perfluorooctane sulfonamidoacetic acid No recommendations
(NMetOSAA)ti

N-Methyl perfluorooctane sulfonamidoethanol (NMetOSE)! No recommendations

Notes:

*  DHS recommends a combined standard for NEtFOSE, NEtFOSA, NEtFOSAA, FOSA, PFOS and PFOA.
i.  ng/L=nanograms per liter — equivalent to parts per trillion
ug/L = micrograms per liter — equivalent to parts per billion
mg/L = milligrams per liter — equivalent to parts per million
ii. DHS reviewed this substance but did not recommend standards due to limited health information.
iii. DHS did not review this substance because our screening indicated that there was not enough technical
information to set a standard.
Ayers, J. F. Oct 28 2019. Revised Timeline for recommendations for state groundwater quality standards.
iv. GenXand F-53B are a trade names.
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Metalaxyl | 2020

Substance Overview

Metalaxyl is a systemic pesticide that is commonly used to control plant diseases that are caused by
water-mold fungi (Oomycetes).! Metalaxyl works by inhibiting the production of proteins in the
ribosome which ultimately leads to the death of the fungi.> Metalaxyl usually consists of a mixture
between two molecules that are mirror images of each other, s-metalaxyl and r-metalaxyl. Both s-
metalaxyl and r-metalaxyl can possess similar properties in the environment and body (Figure 1).
Limited studies have suggested s-metalaxyl is more toxic than r- metalaxyl in cell culture studies.*®
However, both enantiomers can display similar properties in the environment and in the body.*®

Recommendations

Wisconsin does not currently have an NR140 Groundwater
Current Standards

Quality Public Health Enforcement Standard for metalaxyl.

Enforcement Standard: N/A
DHS recommends an enforcement standard of 800 . . .

] ) Preventive Action Limit: N/A
micrograms per liter (ug/L) for metalaxyl. The Year: N/A
recommended standard is based on EPA’s chronic oral
reference dose.’ Recommended Standards
DHS recommends that the preventive action limit for Enforcement Standard: 800 pg/L
metalaxyl be set at 20% of the enforcement standard Preventive Action Limit: 160 pg/L

|
because metalaxyl has not been shown to cause

carcinogenic, mutagenic, teratogenic, or interactive effects in people, research animals, or cell culture
studies.”

Health Effects

There are limited data on the health effects of metalaxyl on people. A single epidemiology study
suggested metalaxyl exposure was significantly associated with non-fatal myocardial infarctions (heart
attacks), but supporting evidence for this association is not available.?

Studies in research animals have shown limited effects of metalaxyl.”? In these research animal studies,
the authors consistently found that exposure to metalaxyl can decrease body weight, decrease body
weight gains during lactation, increase motor activity, decrease motor reflex, and at high concentrations
metalaxyl can increase mortality of adults and their offspring.”° One subchronic study in dogs found that
metalaxyl increased alkaline phosphatase levels which indicated liver damage and increased liver
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weights (MRID 00071598).” Similar results were observed in rats (MRID 00098481, 00132009,
00150185). 7°

Metalaxyl has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive effects in
people, research animals, or cell cultures. ! The EPA states that metalaxyl did not show evidence of
carcinogenicity for humans.”?

Chemical Profile

Metalaxyl

Structure: |
@) @) o
O
iN

CAS Number: 57837-19-1
Formula: C1sH21NO4
Molar Mass: 279.33 g/mol
Synonyms: (+-)-Metalaxyl

Methyl N-(2-methoxyacetyl)-N-
(2,6-xylyl)-DL-alaninate
Metalaxil
Metaxanin

Exposure Routes

The Wisconsin Department of Agriculture, Trade, and Consumer Protection (DATCP) has approved the
use of a number of commercial and agricultural products containing metalaxyl for use in Wisconsin.'®

People can be exposed to metalaxyl from contaminated food, soil, and water. Certain foods may have
metalaxyl in or on them from its use as a fungicide.”® The EPA regulates how much pesticide residues

can be in foods. People can get exposed to metalaxyl by touching recently treated plants or accidently
ingesting soil (dirt) near recently treated plants.”?

1 Carcinogenic effects means the substance can cause cancer; mutagenic effects means the substance can cause
DNA damage; teratogenic means the substance can cause birth defects; and interactive effects mean the
substance can affect the toxicity of another substance or its toxicity can be affected by another substance.
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Metalaxyl is moderately stable under normal environmental conditions and has a half-life of 400 days in
water. 79 Metalaxyl is persistent and water soluble and has been detected in groundwater. 7°

Current Standard

Wisconsin does not currently have groundwater standards for Metalaxyl.!

Standard Development

Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: 0.08 mg/(kg-d) 1994
Oncogenic Potential

EPA Cancer Slope Factor: N/A

Guidance Values
None available

Literature Search

Literature Search Dates: 1994 - 2020
Total studies evaluated: Approximately 50
Key studies found? No
Critical studies identified? No

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should

be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for metalaxyl.'?
Health Advisory

|.13

The EPA has not established health advisories for metalaxy

Drinking Water Concentration (Cancer Risk)

Metalaxyl Cycle 11



The EPA has not established a drinking water concentration based on a cancer risk level determination
for metalaxyl.'

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.

NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for metalaxyl.*

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Information System (IRIS) program.

EPA Oral Reference Dose

In 1994, the EPA conducted a Human Health Risk Assessment as part of the registration of metalaxyl. In
their assessment, EPA reviewed a number of toxicity studies.”® They selected a chronic study in dogs as
the principal study (MRID 00071598). In this study, male and female dogs were exposed to different
doses of metalaxyl (0, 1.6, 7.8, and 30.6 milligrams per kilogram per day or mg/kg-d) through diet for six
months. From this study, the EPA selected a no-observable-effect-level (NOEL) of 7.8 mg/kg-d because
negative effects on the liver were observed at higher doses in male dogs. The EPA used an uncertainty
factor of 100 to account for differences between people and research animals (10) and differences
among people (10). The EPA’s chronic oral reference dose for metalaxyl is 0.08 mg/kg-d.”

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, DHS must set the standard at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.
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To evaluate the oncogenic potential of a metalaxyl, we looked to see if the EPA, the International
Agency for Research on Cancer (IARC), or another agency has classified the cancer potential of
metalaxyl. If so, we look to see if EPA or another agency has established a cancer slope factor.

Cancer Classification

The International Agency for Research on Cancer (IARC) and the Joint FAO/WHO Meeting on Pesticide
Residues (JMPR) have not evaluated the carcinogenicity of metalaxyl.'®'” The EPA has evaluated the
carcinogenicity of metalaxyl in 1985 and concluded that metalaxyl did not have carcinogenic potential in
research animals. The EPA classified metalaxyl as a chemical that does not show evidence of

carcinogenicity for humans.'67

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for metalaxyl.”%

Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For metalaxyl, we searched for values that have been published since 1994 when EPA published their
reregistration document. We did not find any relevant guidance values.

Literature Search

Our literature review focused on relevant scientific literature on the health effects of metalaxyl
published on or before 1994. We looked for studies related to metalaxyl toxicity or effects on a disease
state in which information on exposure or dose was included as part of the study.? Ideally, relevant

2 We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: metalaxyl

Subject area: n/a

Language: English
We also searched online for toxicity studies published by national research programs.
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studies used in vivo (whole animal) models and provided data for multiple doses over an exposure
duration proportional to the lifetime of humans.

In our literature review, approximately 50 toxicity studies were returned by the search engines. We
excluded studies on non-mammalian or cell systems, non-oral exposure routes, and those that did not
evaluate health risks from further review. After applying these exclusion criteria, we did not identify any
key studies.

In our literature review, we found one relevant epidemiology study that examined the effects of
metalaxyl on human health (Table A1).2 While multiple potential exposure sources and the ability for
other compounds to cause similar health effects preclude using these data to establish a health-based
value, such studies are helpful in identifying the crucial effects and ensuring that the animal data used to
establish the standard is relevant to people.

Critical Toxicity Studies
We did not identify any critical toxicity studies for metalaxyl.
Key health effects

We did not find any studies that suggest metalaxyl has caused carcinogenic, mutagenic, teratogenic, or
interactive effects in people, research animals, or cell culture studies.

Discussion
Standard Selection

DHS recommends an enforcement standard of 800 ug/L for metalaxyl.

There are no federal numbers and no state drinking Basis for Enforcement Standard

water standard for metalaxyl. Additionally, the EPA has O Federal Number

not established a cancer slope factor for metalaxyl O Cancer Potential

because they determined metalaxyl is non-carcinogenic M EPA Acceptable Daily Intake
to humans. O Technical information

|
However, the EPA does have an acceptable daily intake (oral reference dose) for metalaxyl.” In our
review, we did not find any significant technical information that was published since the EPA
established their oral reference dose.” Therefore, DHS calculated the recommended enforcement
standard using the EPA’s chronic oral reference dose, an average body weight of 10 kg, a water
consumption rate of 1 L/d, and a relative source contribution factor of 100% as specified Chapter 160,
Wis. Stats.
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DHS recommends a preventive action limit of 160 pg/L for metalaxyl.

DHS recommends that the preventive action limit for metalaxyl be set at 20% of the enforcement
standard because metalaxyl has not been shown to cause carcinogenic, mutagenic, teratogenic, or
interactive effects in people, research animals, or cell cultures.’

Prepared by Gavin Dehnert, Ph.D. and Sarah Yang, Ph.D.

Wisconsin Department of Health Services
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Appendix A. Toxicity Data

Table A-l. Metalaxyl Epidemiological Studies from Literature Review

Study Type Population Time period Exposure Outcomes Results Reference
Prospective Study Females in 1993-1997 Participants were exposed to the Myocardial Metalaxyl use Dayton, 2010
the pesticides either as pesticide infarction (heart was associated
Agricultural applicators or pesticide attack) with an increase
Health Study applicators spouses. in myocardial
Population infarctions (OR =
from lowa 2.4;95% Cl 1.1,
and North 5.3).
Carolina
OR: Odds Ratio
95% Cl: 95% confidence interval
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Appendix B. Chemical structure of metalaxyl enantiomers.

CHs CHa
COOCH3
CH20CH3
CH: ¢
S-metalaxyl

CHs- HaC

1(R)

HiaCOOC

s
g
§
H

H3sCOH2C

0 HsC

R-metalaxyl

Chemical structure of metalaxyl enantiomers based on figure 1 of Zhang et al. 2017.*
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Chlorantraniliprole | 2020

Substance Overview

Chlorantraniliprole is an insecticide used to control a variety of pests on a number of plants.'
Chlorantraniliprole works by interrupting normal muscle contraction causing paralysis and death.’?

Recommendations

Wisconsin does not currently have an NR140 Groundwater Quality Public Health Enforcement Standard

for chlorantraniliprole. DHS recommends an enforcement
|

standard of 16 milligrams per liter (mg/L) for Current Standards

chlorantraniliprole. The recommended standard is based on Enforcement Standard: N/A
based on the United States Environmental Protection Preventive Action Limit: N/A
Agency’s (EPA’s) chronic oral reference dose for Year: N/A

chlorantraniliprole.!
) o Recommended Standards
DHS recommends that the preventive action limit for

chlorantraniliprole be set at 20% of the enforcement Enforcement Standard: 16 mg/L

Preventive Action Limit: 3.2 mg/L
|
cause carcinogenic, mutagenic, teratogenic, or interactive effects in people, research animals, or cell

standard because chlorantraniliprole has not been shown to

culture studies.

Health Effects

Studies in research animals have shown limited effects of chlorantraniliprole.? The most consistent
effect of chlorantraniliprole in these studies is induction of liver enzymes and increases in liver weight.?
One long-term study in rodents found that chlorantraniliprole affected the formation of microvesicles
(parts of a cell’s membrane) in the adrenal gland, but did not affect adrenal gland function.?

Chlorantraniliprole has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive
effects in people, research animals, or cell culture studies.»? The EPA has classified chlorantraniliprole
as not likely to be carcinogenic to humans.'?

a Carcinogenic effects means the substance can cause cancer; mutagenic effects means the substance can cause
DNA damage; teratogenic means the substance can cause birth defects; and interactive effects mean the
substance can affect the toxicity of another substance or its toxicity can be affected by another substance.
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Chemical Profile

Chlorantraniliprole

Structure: \ cl
N \N 7 \
Nz
o M0
T~y
H
Cl
CAS Number: 500008-45-7
Formula: C18H14NsozBrC|z
Molar Mass: 483.15 g/mol
Synonyms: 3-Bromo-N-[4-chloro-2-methyl-6-

(methylcarbamoyl)phenyl]-1-(3-chloro-2-
pyridine-2-yl)-1H-pyrazole-5-carboxamide

Exposure Routes

The Wisconsin Department of Agriculture, Trade, and Consumer Protection (DATCP) has approved the
use of a number of commercial products containing chlorantraniliprole for use in Wisconsin.3

People can be exposed to chlorantraniliprole from food, soil, and water.>? Certain foods may have some
chlorantraniliprole in or on them from its use as a pesticide. The EPA regulates how much pesticide
residues can be in foods. People can get exposed to chlorantraniliprole by touching recently treated
plants or by touching or accidently ingesting soil (dirt) in or near recently treated plants.

Chlorantraniliprole can leach through the soil and enter the groundwater.> Chlorantraniliprole is highly
soluble in water and has the potential to travel in groundwater.'?

Current Standard

Wisconsin does not currently have groundwater standards for chlorantraniliprole.*

Chlorantraniliprole Cycle 11 12



Standard Development

Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: 1.58 mg/kg-d (2010)
Oncogenic Potential

EPA Cancer Slope Factor: N/A

Guidance Values
None available

Literature Search

Literature Search Dates: 2010-2019
Key studies found? No
Critical studies identified? No

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for chlorantraniliprole.®
Health Advisory

The EPA has not established health advisories for chlorantraniliprole.®
Drinking Water Concentration (Cancer Risk)

The EPA has not established drinking water concentration based cancer risk for chlorantraniliprole.’

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.

NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for chlorantraniliprole.?
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Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Assessment System (IRIS) program.

EPA Oral Reference Dose

In 2010, the EPA conducted a Human Health Risk Assessment as part of the registration of
chlorantraniliprole. In their assessment, EPA reviewed a number of toxicity studies.™? They selected a
chronic/carcinogenicity study in mice as the principal study. In this study, male and female rats were
exposed to different doses of chlorantraniliprole (males: 0, 2.6, 9.2, 26.1, 158, 935 milligrams per
kilogram body weight per day or mg/kg-d; females: 0, 3.34, 11.6, 32.9, 196, 1155 mg/kg-d) through diet
for 18 months. From this study, the EPA selected a No Observable Adverse Effect Level (NOAEL) of 158
mg/kg-d because effects on the liver were observed at the highest dose. The EPA used a total
uncertainty factor of 100 to account for differences between people and research animals (10) and
differences among people (10). The EPA’s chronic oral reference for chlorantraniliprole is 1.58 mg/kg-d.

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, DHS must set the standard at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of chlorantraniliprole, we looked to see if the EPA, the International
Agency for Research on Cancer (IARC), or another agency has classified the cancer potential of
chlorantraniliprole. If so, we look to see if EPA or another agency has established a cancer slope factor.

Cancer Classification
The EPA has classified chlorantraniliprole as not likely to be carcinogenic to humans.??

The International Agency for Research on Cancer (IARC) and the Joint FAO/WHO Meeting on Pesticide

Residues (JMPR) have not evaluated the carcinogenicity of chlorantraniliprole.®*°

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for chlorantraniliprole.'2
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Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For chlorantraniliprole, we searched for values that have been published since 2010 when EPA published
their human health risk assessment. We did not find any relevant guidance values.

Literature Search

Our literature review focused on the scientific literature published after EPA’s human health risk
assessment in 2010. We looked for studies related to chlorantraniliprole toxicity or effects on a disease
state in which information on exposure or dose was included as part of the study.? Ideally, relevant
studies used in vivo (whole animal) models and provided data for multiple doses over an exposure
duration proportional to the lifetime of humans.

Approximately 20 studies were returned by the search engines. We excluded monitoring studies, studies
evaluating risk from non-mammalian species, and studies on the effects on plants from further review.
After applying these exclusion criteria, we did not identify any key studies.

Critical Toxicity studies
We did not identify any critical toxicity studies.
Key Health effects

We did not find studies that show chlorantraniliprole has caused carcinogenic, mutagenic, teratogenic,
or interactive effects in people, research animals, or cell culture studies.

b We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: chlorantraniliprole

Subject area: toxicology

Language: English
We also searched online for toxicity studies published by national research programs.
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Standard Selection

DHS recommends an enforcement standard of 16 mg/L for chlorantraniliprole.

There are no federal numbers and no state drinking Basis for Enforcement Standard

water standard for chlorantraniliprole. Additionally, the O Federal Number

EPA has not established a cancer slope factor for O Cancer Potential
chlorantraniliprole because they determined that it is M EPA Acceptable Daily Intake
not likely to be carcinogenic to humans. O Technical information

|
However, the EPA does have an acceptable daily intake (oral reference dose) for chlorantraniliprole.! In

our review, we did not find any significant technical information that was published since the EPA
established their oral reference dose. Therefore, DHS calculated the recommended enforcement
standard using the EPA’s oral reference dose, an average body weight of 10 kg, and a water
consumption rate of 1 L/d as specified Chapter 160, Wis. Stats.

DHS recommends a preventive action limit of 3.2 mg/L for chlorantraniliprole.

DHS recommends that the preventive action limit for chlorantraniliprole be set at 20% of the
enforcement standard because chlorantraniliprole has not been shown to cause carcinogenic,
mutagenic, teratogenic, or interactive effects in people, research animals, or cell culture.'?

Prepared by Sarah Yang, Ph.D.

Wisconsin Department of Health Services
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Flumetsulam | 2020

Substance Overview

Flumetsulam is an herbicide in the triazolopyrimidine chemical class that is used to control broadleaf
weeds and grasses.’* Flumetsulam works on both pre- and post-emergent plants by inhibiting the
enzyme acetolactate synthase, which regulates plant growth and eventually leads to plant death.**

Recommendations

Wisconsin does not currently have an NR140 Groundwater
Current Standards

Quality Public Health Enforcement Standard for

Enforcement Standard: N/A

flumetsulam. DHS recommends an enforcement standard of . . o

o . Preventive Action Limit: N/A
10 milligrams per liter (mg/L) for flumetsulam. The Year: N/A
recommended standard is based on based on the United
States Environmental Protection Agency’s (EPA’s) chronic Recommended Standards

3,4

oral reference dose for flumetsulam. Enforcement Standard: 10 mg/L
DHS recommends that the preventive action limit for Preventive Action Limit: 2mg/L

|
flumetsulam be set at 20% of the enforcement standard

because flumetsulam has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive
effects in people, research animals, or cell culture studies.®*

Health Effects

Studies in research animals have shown limited effects of flumetsulam. 3* In these studies, flumetsulam
exposure consistently shows negative impacts on kidneys. One chronic study in dogs found that
flumetsulam increased the presence of kidney stones, increased inflammation in the kidney, and
decreased the size of the kidney. Similar results were observed in a chronic rat study.>* In our literature
review, we did not find any relevant epidemiology studies that examined the effects of flumetsulam on
human health.

Flumetsulam has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive effects in
people, research animals, or cell culture studies.>*! The EPA states there is evidence to support that
flumetsulam is non-carcinogenic to humans.>*

1 Carcinogenic effects means the substance can cause cancer; mutagenic effects means the substance can cause
DNA damage; teratogenic means the substance can cause birth defects; and interactive effects mean the
substance can affect the toxicity of another substance or its toxicity can be affected by another substance.
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Chemical Profile

Flumetsulam
Structure: R
HaC /NYN
/>—SOZNH
N~y
F
CAS Number: 98967-40-9
Formula: C12HsF2N50,S
Molar Mass: 325.3 g/mol
Synonyms: N-(2,6-difluorophenyl)-5-methyl-[1,2,4]triazolo[1,5-

a]pyrimidine-2-sulfonamide
Broadstrike
XRD 498
DE 498

Exposure Routes

The Wisconsin Department of Agriculture, Trade, and Consumer Protection (DATCP) has approved the
use of a number of agricultural products containing flumetsulam for use in Wisconsin.®

People can be exposed to flumetsulam from contaminated food, soil, and water. Certain foods may have
flumetsulam in or on them from its use as a pesticide.3* The EPA regulates how much pesticide residues
can be in foods. People can get exposed to flumetsulam by touching recently treated plants or
accidently ingesting soil (dirt) near recently treated plants.

Flumetsulam is stable under photolysis and is water soluble.®>* Flumetsulam can leach through soil and

contaminate surface water and groundwater.>*®

Current Standard

Wisconsin does not currently have groundwater standards for flumetsulam.”

Flumetsulam Cycle 11
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Standard Development

Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: 1 mg/kg-d 2013
Oncogenic Potential

EPA Cancer Slope Factor: N/A

Guidance Values
None available

Literature Search

Literature Search Dates: 2013 - 2020
Total studies evaluated: Approximately 30
Key studies found? No
Critical studies identified? No

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for flumetsulam.®
Health Advisory

The EPA has not established health advisories for flumetsulam.®
Drinking Water Concentration (Cancer Risk)

The EPA has not established a drinking water concentration based on a cancer risk level determination
for flumetsulam.®

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.

Flumetsulam Cycle 11
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NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for flumetsulam.!

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Information System (IRIS) program.

EPA Oral Reference Dose

In 2013, the EPA conducted a Preliminary Human Health Risk Assessment for flumetsulam as part of the
pesticide’s registration review. In their assessment, EPA reviewed a number of toxicity studies.>* They
selected a chronic study in dogs as the principal study (MRID 41952103). In this study, male and female
dogs were exposed to different doses of flumetsulam (0, 20, 100, and 500 milligrams per kilogram per
day or mg/kg-d) through diet for one year. From this study, the EPA selected a no-observable-adverse-
effect-level (NOAEL) of 100 mg/kg-d because effects on the kidney were observed at higher doses in
male dogs. The EPA used an uncertainty factor of 100 to account for differences between people and
research animals (10) and differences among people (10). The EPA’s chronic oral reference dose for
flumetsulam is 1 mg/kg-d.>*

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, DHS must set the standard at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of flumetsulam, we looked to see if the EPA, the International
Agency for Research on Cancer (IARC), or another agency has classified the cancer potential of
flumetsulam. If so, we look to see if EPA or another agency has established a cancer slope factor.

Cancer Classification
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The EPA has evidence to support flumetsulam is non-carcinogenic to humans.>*

The International Agency for Research on Cancer (IARC) and the Joint FAO/WHO Meeting on Pesticide
Residues (JMPR) has not evaluated the cancer potential of flumetsulam.'**3

EPA Cancer Slope Factor
The EPA has not established a cancer slope factor for flumetsulam.®*

Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For flumetsulam, we searched for values that have been published since 2013 when EPA published their
Preliminary Human Health Risk Assessment for Registration Review. We did not find any relevant
guidance values.

Literature Search

Our literature review focused on the scientific literature published after the Preliminary Human Health
Risk Assessment for Registration Review of flumetsulam in 2013. We looked for studies related to
flumetsulam toxicity or effects on a disease state in which information on exposure or dose was
included as part of the study.? Ideally, relevant studies used in vivo (whole animal) models and provided
data for multiple doses over an exposure duration proportional to the lifetime of humans.

In our literature review, we did not find any relevant epidemiology studies that examined the effects of
flumetsulam on human health.

2 We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: Flumetsulam

Subject area: N/A

Language: English
We also searched online for toxicity studies published by national research programs.
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Approximately 30 toxicity studies were returned by the search engines. We excluded studies on non-
mammalian or cell systems, non-oral exposure routes, and those that did not evaluate health risks from
further review. After applying these exclusion criteria, we did not identify any key studies.

Critical toxicity studies
We did not identify any critical toxicity studies.
Key Health effects

In our literature search, we did not find studies that show flumetsulam has caused carcinogenic,
mutagenic, teratogenic, or interactive effects in people, research animals, or cell culture studies.

Standard Selection
DHS recommends an enforcement standard of 10 mg/L for flumetsulam.

There are no federal numbers and no state drinking Basis for Enforcement Standard

water standard for flumetsulam. Additionally, the EPA O Federal Number

has not established a cancer slope factor for [ Cancer Potential
flumetsulam because they determined there is V] EPA Acceptable Daily Intake
evidence to support flumetsulam is non-carcinogenic to O Technical information

|
humans.

However, the EPA does have an acceptable daily intake (oral reference dose) for flumetsulam.>* In our
review, we did not find any significant technical information that was published since the EPA
established their oral reference dose. Therefore, DHS calculated the recommended enforcement
standard using the EPA’s chronic oral reference dose, an average body weight of 10 kg, a water
consumption rate of 1 L/d, and a relative source contribution factor of 100% as specified Chapter 160,
Wis. Stats.

DHS recommends a preventive action limit of 2 mg/L for flumetsulam.

DHS recommends that the preventive action limit for flumetsulam be set at 20% of the enforcement
standard because flumetsulam has not been shown to cause carcinogenic, mutagenic, teratogenic, or
interactive effects in people, research animals, or cell cultures.®*
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Prepared by Gavin Dehnert, Ph.D. and Sarah Yang, Ph.D.

Wisconsin Department of Health Services
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Fomesafen | 2020

Substance Overview

Fomesafen? is an herbicide used to control a variety of weeds and grasses.! Fomesafen works by
inhibiting the enzyme protoporphyriogen oxidase (PPO) leading to irreversible plant cell membrane
damage. Fomesafen products are used on a variety of fruit and vegetable plants.?

Recommendations

Wisconsin does not currently have an NR140 Groundwater Quality Public Health Enforcement Standard

for fomesafen. DHS recommends an enforcement standard
|

of 25 milligrams per liter (mg/L) for fomesafen. The Current Standards

recommended standard is based on the United States Enforcement Standard: N/A
Environmental Protection Agency’s (EPA’s) chronic oral Preventive Action Limit: N/A
reference dose for fomesafen.! Year: N/A

DHS ds that th ti tion limit f
recommends that the preventive action limit for Recommended Standards

fomesafen be set at 20% of the enforcement standard

because fomesafen has not been shown to cause Enforcement Standard: 25 ng/L

Preventive Action Limit: 5 ug/L

carcinogenic, mutagenic, teratogenic, or interactive effects in
|

people, research animals, or cell culture studies.

Health Effects

Studies in research animals have shown that high levels of fomesafen can affect food consumption,
lower body weight, damage the liver, cause miscarriages, and reduce immune response.!

Fomesafen has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive effects in
people, research animals, or cell culture studies.” The EPA has classified fomesafen as not likely to be
carcinogenic to humans.!

a Fomesafen products are formulated as a sodium salt and the concentration of the active ingredient in the
formulation is expressed in terms of the acid equivalent. This scientific support document and the included
groundwater standard recommendations apply to both the acid and salt of fomesafen.

b Carcinogenic effects means the substance can cause cancer; mutagenic effects means the substance can cause
DNA damage; teratogenic means the substance can cause birth defects; and interactive effects mean the
substance can affect the toxicity of another substance or its toxicity can be affected by another substance.
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Chemical Profile

Fomesafen
Structure: FC NO,
H O
0 N\Q/CH?

¢ 6 &
CAS Number: 72178-02-0
Formula: C15H10C|F3N2065
Molar Mass: 438.8 g/mol
Synonyms: 5-[2-Chloro-4-(trifluoromethyl)phenoxy]-N-

(methanesulfonyl)-2-nitrobenzamide
5-[2-Chloro-a, a ,a —trifluoro-p-tolyloxy]-N-
(methanesulfonyl)-2-nitrobenzamide

Exposure Routes

The Wisconsin Department of Agriculture, Trade, and Consumer Protection (DATCP) has approved a
number of commercial products containing fomesafen for use in Wisconsin.?

People can be exposed to fomesafen from food, air, soil, and water.! Certain foods may have some
fomesafen in or on them from its use as a pesticide. The EPA regulates how much pesticide residue can
be in foods. People can get exposed to fomesafen by walking through recently sprayed areas by
breathing in air or touching sprayed soil. Fomesafen can leach through the soil and enter the
groundwater.>* Fomesafen is highly soluble in water and has the potential to travel in groundwater.'®

Current Standard

Wisconsin does not currently have groundwater standards for fomesafen.®

Standard Development

Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: 0.0025 mg/kg-d (2013)
Oncogenic Potential

EPA Cancer Slope Factor: N/A

Guidance Values
None available

Literature Search
Literature Search Dates: 2013 -2019
Total studies evaluated: Approximately 20
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Key studies found? No
Critical studies identified? No

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for fomesafen.’

Health Advisory

The EPA has not established health advisories for fomesafen.®

Drinking Water Concentration (Cancer Risk)

The EPA has not established drinking water concentration based cancer risk for fomesafen.®

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.

NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for fomesafen.°

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Assessment System (IRIS) program.

EPA Oral Reference Dose

In 2013, the EPA conducted a Human Health Risk Assessment as part of the registration of fomesafen
sodium. In their assessment, EPA reviewed a number of toxicity studies. ! They selected a
chronic/carcinogenicity study in rats as the principal study (MRID: 00142125). In this study, male and
female rats were exposed to different doses of fomesafen (0, 0.25, 5, and 50 milligrams per kilogram
body weight per day or mg/kg-d) through diet for 2 years. From this study, the EPA selected a No
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Observable Adverse Effect Level (NOAEL) of 0.25 mg/kg-d because higher doses caused hyalinization of
the liver in male animals.© The EPA used a total uncertainty factor of 100 to account for differences
between people and research animals (10) and differences among people (10). The EPA’s chronic oral
reference dose for fomesafen is 0.0025 mg/kg-d.

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, DHS must set the standard at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of fomesafen, we looked to see if the EPA, the International Agency
for Research on Cancer (IARC), or another agency has classified the cancer potential of fomesafen. If so,
we look to see if EPA or another agency has established a cancer slope factor.

Cancer Classification
The EPA has classified fomesafen as not likely to be carcinogenic to humans.!

The International Agency for Research on Cancer (IARC) and the Joint FAO/WHO Meeting on Pesticide
Residues (JMPR) have not evaluated the carcinogenicity of fomesafen.!%12

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for fomesafen.!

Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For fomesafen, we searched for values that had been published since 2013 when EPA published their
human health risk assessment. We did not find any relevant guidance values.

Literature Search

¢ Hyalinization is a condition in which normal tissue deteriorates into a homogeneous, translucent material.
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Our literature review focused on the scientific literature published after EPA’s human health risk
assessment in 2013. We looked for studies related to fomesafen toxicity or effects on a disease state in
which information on exposure or dose was included as part of the study.? Ideally, relevant studies used
in vivo (whole animal) models and provided data for multiple doses over an exposure duration
proportional to the lifetime of humans.

Approximately 20 studies were returned by the search engines. We excluded monitoring studies, studies
evaluating risk from non-mammalian species, and studies on the effects on plants from further review.
After applying these exclusion criteria, we did not identify any key studies.

Critical toxicity studies
we did not identify any critical toxicity studies.
Key health effects

We did not find any key studies that suggest fomesafen can have carcinogenic, mutagenic, teratogenic,
or interactive effects in human, animals, or cell culture. The EPA has classified fomesafen as not likely to
be carcinogenic to humans.

Standard Selection
DHS recommends an enforcement standard of 25 pg/L for fomesafen.

There are no federal numbers and no state drinking Basis for Enforcement Standard

water standard for fomesafen. Additionally, the EPA has O Federal Number

not established a cancer slope factor for fomesafen [ Cancer Potential

because they determined that it is not likely to be M EPA Acceptable Daily Intake
carcinogenic to humans. O Technical information

|
However, the EPA does have an acceptable daily intake (oral reference dose) for fomesafen.! In our

review, we did not find any significant technical information that was published since the EPA
established their oral reference dose. Therefore, DHS calculated the recommended enforcement
standard using the EPA’s oral reference dose, an average body weight of 10 kg, and a water
consumption rate of 1 L/d and a relative source contribution factor of 100% as specified Chapter 160,
Wis. Stats.

d We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: Fomesafen

Subject area: toxicology

Language: English
We also searched online for toxicity studies published by national research programs.
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DHS recommends a preventive action limit of 5 pg/L for fomesafen.

DHS recommends that the preventive action limit for fomesafen be set at 20% of the enforcement

standard because fomesafen has not been shown to cause carcinogenic, mutagenic, teratogenic, or

interactive effects in people, research animals, or cell culture.?

Prepared by Sarah Yang, Ph.D.

Wisconsin Department of Health Services
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Hexazinone | 2020

Substance Overview

Hexazinone is a broad spectrum herbicide in the triazine family that is used to control a variety of
plants.® Hexazinone works on post-emergent plants by inhibiting photosynthesis which eventually
leads to plant death.’?

Recommendations

Wisconsin does not currently have an NR 140 Groundwater e —
. . _ Current Standards
Quality Public Health Enforcement Standard for hexazinone.

Enforcement Standard: N/A
DHS recommends an enforcement standard of 400 . . .

. ) . Preventive Action Limit: N/A
micrograms per liter (ug/L) for hexazinone. The Year: N/A
recommended standard is based on the United States
Environmental Protection Agency’s (EPA’s) lifetime health Recommended Standards
advisory that was established in 1996.* Enforcement Standard: 400 pg/L
DHS recommends that the preventive action limit for Preventive Action Limit: 40 pg/L

. |
hexazinone be set at 10% of the enforcement standard

because hexazinone has been shown to cause mutagenic effects in cell culture studies.>?*

Health Effects

Studies in research animals have shown limited effects of hexazinone.>** The most consistent effects of
hexazinone in these studies were a decrease in body weight gains, decrease in albumin levels, increase
in alkaline phosphatase activity, and increase in liver weights. One chronic study in dogs found that
hexazinone increased the presence of liver disease in both males and females.?>* We did not find any
epidemiology studies that examined the health effects of hexazinone.

Hexazinone has not been shown to be to cause carcinogenic, teratogenic, or interactive effects in
people, research animals, or cell culture studies.»>* However at this time, the Carcinogenicity Peer
Review Committee determined there is not enough evidence to classify or not classify hexazinone as
carcinogenic to humans. Hexazinone was found to have mutagenic effects in a cell culture study and was
found to cause damage to DNA in hamster ovary cells.?4

a Carcinogenic effects means the substance can cause cancer; mutagenic effects means the substance can cause
DNA damage; teratogenic means the substance can cause birth defects; and interactive effects mean the
substance can affect the toxicity of another substance or its toxicity can be affected by another substance.
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Chemical Profile

Hexazinone
Structure: CH3

|
OYN\\I/N\CHB’

NS cH
@)

CAS Number: 51235-04-2

Formula: C12H20N402

Molar Mass: 252.31 g/mol

Synonyms: 3-Cyclohexyl-6-(dimethylamino)-1-methyl-1,3,5-

triazine-2,4(1H,3H)-dione
1,3,5-Triazine-2,4(1H,3H)-dione, 3-cyclohexyl-6-
(dimethylamino)-1-methyl-Hexazinoe
Exposure Routes

The Wisconsin Department of Agriculture, Trade, and Consumer Protection (DATCP) has approved the
use of a number of commercial products containing hexazinone for use in Wisconsin.®

People can be exposed to hexazinone from food, soil, and water.%? Certain foods may have hexazinone
in or on them from its use as a pesticide. The EPA regulates how much pesticide residues can be in
foods. People can get exposed to hexazinone by touching recently treated plants or by touching or
accidently ingesting soil (dirt) near recently treated plants.

Hexazinone can leach though the soil and enter groundwater.?> Hexazinone is highly water soluble and
has been shown to travel in surface water and groundwater.?

Current Standard

Wisconsin does not currently have groundwater standards for hexazinone.®
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Standard Development

Federal Numbers

Maximum Contaminant Level: N/A
Health Advisory:
1 and 10-Day Child 2000 pg/L
Longer-term Child 1000 pg/L (1996)
Longer-term Adult 5000 pg/L
Lifetime 400 pg/L
Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard
NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake
EPA Oral Reference Dose: 0.05 mg/kg-d (1994)
Oncogenic Potential
EPA Cancer Slope Factor: N/A
Guidance Values
ATSDR Oral Minimum Risk Level: N/A
Literature Search
Literature Search Dates: 1996 - 2019
Total studies evaluated: Approximately 50
Key studies found? No
Critical studies identified? No

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for hexazinone.’
Health Advisory

In 1996, the EPA established several health advisories for hexazinone.

1 and 10-Day Child
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The EPA based the 1 and 10-Day Child Health Advisory on a 1980 study that evaluated the effects of
hexazinone in a developmental study using rabbits. In this study, researchers exposed rabbits
throughout days 6 to 19 of gestation to multiple doses of hexazinone (0, 20, 50, and 125 milligrams
hexazinone per kilogram body weight per day or mg/kg-d) by gavage. The authors found that the highest
dose decreased offspring body weight gain and delayed bone development of limbs.

The EPA selected a No Observable Adverse Effect Level (NOAEL) of 50 mg/kg-d hexazinone from this
study. The EPA applied a total uncertainty factor of 300 to account for interspecies extrapolation (10),
variability in human sensitivity (10), and to account for lack of short-term toxicity data in the most
sensitive test species (3). They used a body weight of 10 kg, water consumption rate of 1 liter per day
(L/d), and a relative source contribution of 100% to obtain a health advisory level of 2,000 micrograms

per liter (ug/L).
Longer-term Child

The EPA based the Longer-term Health Advisory for Children on a 1991 study that evaluated the effects
of hexazinone on rats. In this study, researchers exposed male and female rats in a two-generation
reproduction study to multiple doses of hexazinone (0, 200, 2000, and 5000 parts per million (ppm) or O,
14.3, 143, and 358 mg/kg-d) by diet. The authors found that the mid and highest doses decreased body
weight and body weight gain.

The EPA selected a NOAEL of 14.3 mg/kg-d hexazinone from this study. They applied a total uncertainty
factor of 100 to account for interspecies extrapolation (10) and variability in human sensitivity (10). For
the Longer-term Child Health Advisory, they used a body weight of 10 kg, water consumption rate of 1
L/d, and a relative source contribution of 100% to obtain a health advisory level of 1,000 pg/L.

Longer-term Adult

The EPA based the Longer-term Health Advisory for Adults on a 1991 study that evaluated the effects of
hexazinone on rats. In this study, researchers exposed male and female rats in a two-generation
reproduction study to multiple doses of hexazinone (0, 200, 2000, and 5000 ppm or 0, 14.3, 143, 358
mg/kg-d) by diet. The authors found that the mid and highest doses decreased body weight and body
weight gain.

The EPA selected a NOAEL of 14.3 mg/kg-d hexazinone from this study. They applied a total uncertainty
factor of 100 to account for interspecies extrapolation (10) and variability in human sensitivity (10). For
the Longer-term Adult Health Advisory, they used a body weight of 70 kg, water consumption rate of 2

L/d, and a relative source contribution of 100% to obtain a health advisory level of 5,000 pg/L.

Lifetime
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The EPA based the Lifetime Health Advisory on their 1994 oral reference dose of 0.05 mg/kg-d for
hexazinone. The EPA conducted a Human Health Risk Assessment as part of the registration of
hexazinone. In their assessment, EPA reviewed a number of toxicity studies.?> The EPA selected a
chronic exposure study in dogs to use as their principal study (MRID: 421623-01). In this study, male and
female dogs were exposed to different doses of hexazinone (0, 200, 1500, 6000 ppm or 0, 5, 37.5, or 150
mg/kg-d) through diet for twelve months.

From the study, the EPA selected a NOAEL of 5 mg/kg-d because decreased body weight, decreased
albumin levels, increased alkaline phosphatase activities, increased liver weights, and increased
appearance of liver disease in histopathology were observed at higher doses. The EPA used a total
uncertainty factor of 100 to account for differences between people and research animals (10) and
differences among people (10). The EPA’s chronic oral reference for hexazinone is 0.05 mg/kg-d.

For the Lifetime Health Advisory, the EPA used the chronic oral reference dose of 0.05 mg/kg-d, a body
weight of 70 kg, water consumption rate of 2 L/d, and relative source contribution of 20% to obtain a
health advisory level of 400 pg/L.

Drinking Water Concentration (Cancer Risk)

The EPA has not established a drinking water concentration based on a cancer risk level determination
for hexazinone.®

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.

NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for hexazinone.®

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Information System (IRIS) program.

EPA Oral Reference Dose
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In 1994, the EPA conducted a Human Health Risk Assessment as part of the registration of hexazinone.
In their assessment, EPA reviewed a number of toxicity studies.? The EPA selected a chronic exposure
study in dogs to use as their principal study (see above section on the lifetime health advisory for more
details on this study). From the study, the EPA selected a No Observable Adverse Effect Level (NOAEL) of
5 mg/kg-d. The EPA used a total uncertainty factor of 100 and determined the chronic oral reference for
hexazinone is 0.05 mg/kg-d (for more details, see lifetime health advisory section above).

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, DHS must set the standard at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of hexazinone, we looked to see if the EPA, the International
Agency for Research on Cancer (IARC), or another agency has classified the cancer potential of
hexazinone. If so, we look to see if EPA or another agency has established a cancer slope factor.

Cancer Classification

The EPA has inadequate information to support or refute the carcinogenic potential of hexazinone to
humans.?4

The International Agency for Research on Cancer (IARC) and the Joint FAO/WHO Meeting on Pesticide

Residues (JMPR) has not evaluated the cancer potential of hexazinone.1%!

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for hexazinone.*1?

Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values
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For hexazinone, we searched for values that have been published since 1996 when EPA published their
Drinking Water Health Advisory for hexazinone. We did not find any relevant guidance values.

Literature Search

Our literature review focused on the scientific literature published after EPA’s Drinking Water Health
Advisory for hexazinone in 1996. We looked for studies related to hexazinone toxicity or effects on a
disease state in which information on exposure or dose was included as part of the study.” Ideally,
relevant studies used in vivo (whole animal) models and provided data for multiple doses over an
exposure duration proportional to the lifetime of humans.

In our literature review, we did not find any relevant epidemiology studies that examined the effects of
hexazinone on human health. Approximately 50 toxicity studies were returned by the search engines.
We excluded studies on non-mammalian or cell systems, non-oral exposure routes, and those that did
not evaluate health risks from further review. After applying these exclusion criteria, we did not identify
any key studies.

Critical toxicity studies
We did not find any critical toxicity studies.
Key health effects

In our literature review, we did not find any studies that suggest hexazinone can have carcinogenic,
teratogenic, or interactive effects in people, research animals, and/or cell culture studies.>** The EPA
evaluated two animal studies for carcinogenicity. In one study, mice were fed hexazinone (200, 2500,
10000 mg/L) for two years. The authors found hexazinone caused a number of changes to the mouse
liver including liver cell growth, growth of liver nodules, and liver cell death. The EPA states this
hexazinone appears to be carcinogenic in this study; however, the authors concluded that hexazinone
was not carcinogenic. In the other study, rats were fed hexazinone (200, 1000, and 2500 mg/L) for two
years. The authors found hexazinone was not carcinogenic. The Carcinogenicity Peer Review Committee
reviewed hexazinone and categorized hexazinone as a group D chemical, not classifiable as to human
carcinogenicity. The CPRC concluded the animal evidence that hexazinone can be carcinogenic was

equivocal, not enough evidence to support or refute hexazinone as being carcinogenic to humans.%>*

b We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: Hexazinone

Subject area: N/A

Language: English
We also searched online for toxicity studies published by national research programs.
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The EPA evaluated several cell culture studies for mutagenic effects of hexazinone and found one study
that stated hexazinone was positive for mutagenicity.>** In that cell culture study, hamster ovary cells
were exposed to hexazinone (1.58 to 19.82 millimoles (mm)). The authors found that hexazinone can
cause can cause damage to DNA.?* In four other cell culture studies, hexazinone was not found to be

mutagenic.2%*

Standard Selection
DHS recommends an enforcement standard of 400 ug/L for hexazinone.

DHS recommends using the EPA’s Lifetime Health Basis for Enforcement Standard

Advisory as the groundwater enforcement standard for ™ Federal Number
hexazinone. This is the most recent federal number [ Cancer Potential

available. In our review, we did not find any significant [0 EPA Acceptable Daily Intake
technical information that was published since the EPA O Technical information

|
established their health advisories.

DHS recommends a preventive action limit of 40 pg/L for hexazinone.

DHS recommends that the preventive action limit for hexazinone be set at 10% of the enforcement
standard because studies have shown that hexazinone can cause mutagenic effects.>* Hexazinone was
found to be positive for mutagenicity in one cell culture study.>** Hexazinone has not been shown to

cause carcinogenic, teratogenic, or interactive effects.>*

Prepared by Gavin Dehnert, Ph.D. and Sarah Yang, Ph.D.

Wisconsin Department of Health Services
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Saflufenacil | 2020

Substance Overview

Saflufenacil is an herbicide used to control broadleaf weeds.! It is applied to small grains, corn,
chickpeas, cotton, edible beans, edible peas, lentils, lupine, sorghum, soybeans, and sunflowers before
plants emerge from the soil, and to fruit and nut tree orchards and vineyards after plants emerge.!
Certain foods may have saflufenacil residue in or on them from its use as a pesticide.'? Saflufenacil
works by damaging plant cells and causing plant death.2

Recommendations

Wisconsin does not currently have an NR140 Groundwater Quality Public Health Enforcement Standard
for saflufenacil. DHS recommends an enforcement standard

of 460 micrograms per liter (ug/L) for saflufenacil. The Current Standards

recommended standard is based on the United States Enforcement Standard: N/A
Environmental Protection Agency’s (EPA’s) chronic oral Preventive Action Limit: N/A
reference dose for saflufenacil.? Year: N/A

DHS recommends that the preventive action limit for Recommended Standards

saflufenacil be set at 10% of the enforcement standard
Enforcement Standard: 460 pg/L

because saflufenacil has been shown to cause teratogenic
Preventive Action Limit: 46 ug/L

effects in research animals.?

Health Effects

Studies in research animals have shown limited effects of saflufenacil.>*> No studies of saflufenacil
exposure among people were identified. Chronic and subchronic exposure to saflufenacil in research
animals primarily affects the blood and development of blood cells but can also affect the liver and
spleen.’? In reproductive studies, saflufenacil has shown to affect development, including decreased
fetal and pre-weaning body weights, decreased viability, and skeletal changes in rodents.

Saflufenacil has not been shown to cause carcinogenic, mutagenic, or interactive effects in people,
research animals, or cell culture studies.>? The EPA has classified saflufenacil as not likely to be

a Carcinogenic effects means the substance can cause cancer; mutagenic effects means the substance can cause
DNA damage; teratogenic means the substance can cause birth defects; and interactive effects mean the
substance can affect the toxicity of another substance or its toxicity can be affected by another substance.
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carcinogenic to humans.? In one reproductive study in rats, saflufenacil showed teratogenic effects
(skeletal changes).?

Chemical Profile

Saflufenacil
Structure: F F
0
N_ _N 5’ J\
IS OGN
F Cl
CAS Number: 372137-35-4
Formula: C17H17C|F4N405S
Molar Mass: 500.85 g/mol
Synonyms: N’-[2-chloro-4-fluoro-5-(3-methyl-2,6-

dioxo-4-(trifluoromethyl)3,6-

dihydro-1(2H)-pyrimidinyl)benzyl]-N-

isopropyl-N-methylsulfamide
Exposure Routes

The Wisconsin Department of Agriculture, Trade, and Consumer Protection (DATCP) has approved a
number of commercial products containing saflufenacil for use in Wisconsin.*

People can be exposed to saflufenacil from food and drinking water.2? Certain foods may have
saflufenacil residue in or on them from its use as a pesticide.»?> The EPA regulates how much pesticide
residues can be in foods.

People can become exposed to saflufenacil by touching recently treated plants or by touching or
accidently ingesting soil (dirt) near recently treated plants. Saflufenacil can reach surface and ground
water sources of drinking water.>? Saflufenacil is soluble in water and has the potential to travel in

groundwater.?
Current Standard

Wisconsin does not currently have groundwater standards for saflufenacil.®

Standard Development
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Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: 0.046 mg/kg-d (2014)
Oncogenic Potential

EPA Cancer Slope Factor: N/A

Guidance Values
None available
Literature Search

Literature Search Dates: 2010-2019
Key studies found? No
Critical studies identified? No

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for saflufenacil.®
Health Advisory

The EPA has not established health advisories for saflufenacil.’
Drinking Water Concentration (Cancer Risk)

The EPA has not established drinking water concentration based cancer risk for saflufenacil .

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.

NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for saflufenacil.®
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Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Assessment System (IRIS) program.

EPA Oral Reference Dose

In 2014, the EPA conducted a Human Health Risk Assessment as part of the registration of saflufenacil.
In their assessment, EPA reviewed a number of toxicity studies.'? They selected a chronic
carcinogenicity study in mice for setting their chronic reference dose for saflufenacil. In this study, male
and female mice were exposed to different doses of saflufenacil (males: 0, 0.2, 0.9, 4.6, and 13.8
milligrams per kilogram body weight per day or mg/kg-d; females: 0, 1.2, 6.4, 18.9, and 38.1 mg/kg-d)
through diet for 18 months.'° The authors noted decreased blood parameters such as red blood cells,
hemoglobin, and hematocrit. These effects were seen at lower doses in males compared to females.

From this study, the EPA selected a No Observable Adverse Effect Level (NOAEL) of 4.6 mg/kg-d due to
effects seen on several blood parameters at the highest dose in males. The EPA used a total uncertainty
factor of 100 to account for differences between people and research animals (10) and differences
among people (10). The EPA’s chronic oral reference dose for saflufenacil is 0.046 mg/kg-d.

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, DHS must set the standard at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of saflufenacil, we looked to see if the EPA, the International
Agency for Research on Cancer (IARC), or another agency has classified the cancer potential of
saflufenacil. If so, we look to see if EPA or another agency has established a cancer slope factor.

Cancer Classification

The EPA has classified saflufenacil as not likely to be carcinogenic to humans.»?
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The International Agency for Research on Cancer (IARC) has not evaluated the carcinogenicity of
saflufenacil.'!

The Joint FAO/WHO Meeting on Pesticide Residues (JMPR) evaluated the carcinogenicity of saflufenacil
in 2011 and found that it demonstrated no carcinogenic potential up to the highest dose levels tested.?

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for saflufenacil.>2

Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For saflufenacil, we searched for values that have been published since 2010 when EPA published their
human health risk assessment. We did not find any relevant guidance values.

Literature Search

Our literature review focused on the scientific literature published after EPA’s human health risk
assessment in 2010. We looked for studies related to saflufenacil toxicity or effects on a disease state in
which information on exposure or dose was included as part of the study.” Ideally, relevant studies used
in vivo (whole animal) models and provided data for multiple doses over an exposure duration
proportional to the lifetime of humans.

Approximately 20 studies were returned by the search engines. We excluded monitoring studies, studies
evaluating risk from non-mammalian species, and studies on the effects on plants from further review.
After applying these exclusion criteria, we did not identify any key studies.

Critical toxicity studies

b We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: saflufenacil

Language: English
We also searched online for toxicity studies published by national research programs.
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We did not identify any critical toxicity studies.
Key health effects

We did not find any studies indicating that saflufenacil can cause carcinogenic, mutagenic or interactive
effects in people, research animals, or cell culture. However, we found one study indicating that
saflufenacil can cause teratogenic effects in research animals.? The reproductive study in rats showed
that Salfufenacil increased skeletal variations (NOAEL = 5 mg/kg/day LOAEL = 20 mg/kg/day).

Standard Selection

DHS recommends an enforcement standard of 460 ug/L for saflufenacil.

There are no federal numbers and no state drinking Basis for Enforcement Standard

water standard for saflufenacil. Additionally, the EPA O Federal Number

has not established a cancer slope factor for O Cancer Potential
saflufenacil because they determined that it is not likely M EPA Acceptable Daily Intake
to be carcinogenic to humans. O Technical information

|
However, the EPA does have an acceptable daily intake (oral reference dose) for saflufenacil.? In our

review, we did not find any significant technical information that was published since the EPA
established their oral reference dose. Therefore, DHS calculated the recommended enforcement
standard using the EPA’s oral reference dose, an average body weight of 10 kg, and a water
consumption rate of 1 L/d as specified Chapter 160, Wis. Stats.

DHS recommends a preventive action limit of 46 pg/L for saflufenacil.

DHS recommends that the preventive action limit for saflufenacil be set at 10% of the enforcement
standard because saflufenacil has been shown to cause teratogenic effects in research animals. This is
based on a reproductive study in rats which showed that saflufenacil caused abnormal skeletal
development.?

Prepared by Amanda Koch, MPH, Gavin Dehnert, Ph.D., and Sarah Yang, Ph.D.

Wisconsin Department of Health Services
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PFTriA | 2020

Substance Overview

Perfluorotridecanoic acid (PFTriA) is a chemical in a group of contaminants called per- and
polyfluoroalkyl substances (PFAS). Because of its chemical properties, PFTriA can be found as an
impurity in stain repellants in commercial products like carpet and fabric and as a coating for packaging,
or as an ingredient in fire-fighting foam.>? PFAS can persist in the environment and in the human body
for long periods of time.?

Current Standards
Wisconsin does not currently have an NR140 Groundwater Enforcement Standard: N/A
Quality Public Health Enforcement Standard for PFTriA. DHS  Preventive Action Limit: N/A
cannot recommend an enforcement standard for PFTriA Year: N/A

due to insufficient technical information currently available.
Recommended Standards

Health Effects Enforcement Standard: N/A

Preventive Action Limit: N/A
1

Studies investigating the health effects of PFTriA are very
limited. A few epidemiologic studies among people found
that higher levels of PFTriA were associated with changes in thyroid hormones and relevant antibodies,
including a decrease in T, levels.>® An in vitro study found that PFTriA binds with two important human
thyroid hormone proteins, suggesting the thyroid may be a target of PFTriA toxicity.® Two epidemiologic
studies among toddlers and infants found that prenatal exposure to PFTriA was associated with a
decrease in the risk of allergic diseases, though one study found this negative association in boys only
and the other in girls only.”® One toxicity study in research animals found that a mixture of PFAS
substances, including PFTriA, resulted in liver effects, including changes in liver biochemistry parameters
and higher absolute and relative liver weights.® However, it is unclear how much PFTriA exposure
contributed to those effects in this study. Only one epidemiologic study among people looked at the
relationship between PFTriA and liver effects; this study found that PFTriA was associated with abnormal
prealbumin and total bilirubin levels.® Supporting evidence for the association between PFTriA and
additional liver effects has not been observed in published literature. PFTriA has not been shown to
cause carcinogenic (cancer), mutagenic (DNA damage), teratogenic (birth defects), or interactive effects
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in people, research animals, or cell culture.*® The EPA has not evaluated the carcinogenicity of
PFTriA.12

Chemical Profile

PFTriA
Structure:
e RFRFRFRFRF O
F OH
FFFFFFFFF FF F
CAS Number: 72629-94-8
Formula: C13HF250,
Molar Mass: 664.1 g/mol
Synonyms: Perfluorotridecanoic acid

Pentacosafluorotridecanoic acid
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,13,13,13-
pentacosafluorotridecanoic acid
PFTrDA

Exposure Routes

PFAS, including PFTriA, can be released directly into the environment during the manufacture and use of
PFAS and can be found in water or soil. PFAS can move between groundwater and surface water. Once
in water, PFAS can travel long distances.'?

People can be exposed to PFAS by drinking water, eating food, and breathing in or accidentally
swallowing soil or dust containing PFAS.!

Current Standard

Wisconsin does not currently have a groundwater standard for PFTriA.22

a Carcinogenic effects means the substance can cause cancer; mutagenic effects means the substance can cause
DNA damage; teratogenic means the substance can cause birth defects; and interactive effects mean the
substance can affect the toxicity of another substance or its toxicity can be affected by another substance.
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Standard Development

Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: N/A
Oncogenic Potential

EPA Cancer Slope Factor: N/A

Guidance Values
None available

Literature Search

Literature Search Dates: 1900 - 2019
Key studies found? Yes
Critical studies identified? No

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for PFTriA.*
Health Advisory

The EPA has not established health advisories for PFTriA.*>
Drinking Water Concentration (Cancer Risk)

The EPA has not established a drinking water concentration based on a cancer risk level determination
for PFTriA.%?

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.

NR 809 Maximum Contaminant Level
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Wisconsin does not have a drinking water standard for PFTriA.1®

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Information System (IRIS) program.

EPA Oral Reference Dose

The EPA does not have an oral reference dose for PFTriA.*?

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If DHS determines that something
is carcinogenic and there is no federal number or ADI from the EPA, the standard must be set at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of PFTriA, we looked to see if the EPA, the International Agency for
Research on Cancer (IARC), or another agency has classified the cancer potential of PFTriA. If so, we
looked to see if EPA or another agency has established a cancer slope factor.

Cancer Classification

The EPA and International Agency for Research on Cancer (IARC) have not evaluated the carcinogenicity
of PFTriA.1>%7

EPA Cancer Slope Factor
The EPA has not established a cancer slope factor for PFTriA.22
Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.
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To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For PFTriA, we searched for values that have been published during or before December 2019. While the
Agency for Toxic Substances and Disease Registry (ATSDR) reviewed the toxicity of 14 PFAS compounds
in 2018, they did not review nor establish any guidance values for PFTriA.?

Literature Search

Our literature review focused on relevant scientific literature on the health effects of PFTriA published
during or before December 2019. We looked for studies related to PFTriA toxicity or effects on a disease
state in which information on exposure or dose was included as part of the study.? Ideally, relevant
studies used in vivo (whole animal) models and provided data for multiple doses over an exposure
duration proportional to the lifetime of humans.

Seven toxicity studies were returned by the search engines. We excluded studies on non-mammalian or
cell systems, non-oral exposure routes, and those that did not evaluate health risks from further review.
After applying these exclusion criteria, we located one key toxicity study on PFTriA (see Table A-1).° To
be considered a critical toxicity study, the study must be of an appropriate duration (at least 28 days or
exposure during gestation), have identified effects that are consistent with other studies and relevant
for humans, have evaluated more than one dose, and have an identifiable toxicity value.“® The identified
key study did not meet the criteria to be considered a critical toxicity study, as this study involved oral
dosing of a mixture of PFAS substances instead of PFTriA alone (Table A-2).

In our search, we also located ten epidemiology studies (Table A-3). While multiple potential exposure
sources and the ability for other PFAS compounds to cause similar health effects preclude using these
data to establish a health-based value, such studies are helpful in identifying the crucial effects and
ensuring that the animal data used to establish the standard is relevant to people. One in vitro study

b We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: “PFTrDA” or “perfluorotridecanoic acid”

Subject area: toxicology

Language: English
We also searched online for toxicity studies published by national research programs.
c Appropriate toxicity values include the no observable adverse effect level (NOAEL), lowest observable adverse
effect level (LOAEL), and benchmark dose (BMD).
d Due to the limited availability of data for this substance, we considered a study to be of an appropriate duration
if animals were exposed for at least 28 days or if the exposure occurred during pregnancy. We accounted for
differences in exposure duration through the use of an uncertainty factor.
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examining the potential toxicity of PFTriA to the human thyroid was also identified and included as
supportive information along with several epidemiologic studies evaluating the association between
PFTriA exposure and thyroid hormone levels (Table A-4).

Critical toxicity studies
We did not identify any critical toxicity studies.
Key health effects

We did not find literature that suggest PFTriA has carcinogenic, mutagenic, teratogenic, or interactive
effects in people, research animals, or cell culture.

Standard Selection

DHS does not recommend an enforcement standard for PFTriA.

The available health information on PFTriA is very Basis for Enforcement Standard

limited. There are no federal numbers, nor a state O Federal Number

drinking water standard, for PFTriA. Additionally, the O Cancer Potential

EPA has not evaluated the carcinogenicity or [0 EPA Acceptable Daily Intake
established an ADI (oral reference dose) for PFTriA. O Technical information

|
Only a handful of epidemiologic studies have evaluated the risk of PFTriA. No critical studies evaluating
the toxicity of PFTriA alone in research animals were located.

DHS does not recommend a preventive action limit for PFTriA.

Due to the lack of a critical toxicity study and supportive epidemiological studies, we have concluded
that there is insufficient evidence to establish a preventive action limit for PFTriA.

Prepared by Amanda Koch, MPH and Sarah Yang, Ph.D.

Wisconsin Department of Health Services
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Appendix A. Toxicity Data

Table A-1. PFTriA Toxicity Studies from Literature Review

Study Type Species Duration Doses Route Key Findings Toxicity Value Reference
(mg/kg-d) (mg/kg-d)
Sub-chronic  Rat 90 days 0, 0.025, 0.125, 0.6* Gavage Among males at 0.6 mg/kg-d: Lower body weight, higher PFTriA NOAEL: Mertensetal.,
mean blood clotting time, higher mean bilirubin and urea N/A 2010°
*Doses of S-111-S-WB, nitrogen concentrations, lower mean reticulocyte, total
a mixture of perfluoro protein, and globulin concentrations S-111-S-WB
fatty acid ammonium NOAEL: 0.025
salts of different carbon Among males at 0.125 and 0.6 mg/kg-d: Higher albumin to mg/kg-d
chain lengths (Cs-C13), globulin ratios and alkaline phosphatase concentrations, (males), 0.125
including PFTriA (Cy3). higher absolute and relative liver weights mg/kg-d
(females)
Among females at 0.6 mg/kg-d: Higher albumin to globulin
ratios and alkaline phosphatase concentrations, relative liver
weights
In addition to these findings, liver hypertrophy was observed
in 10 of 10 examined rats.
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Table A-2. Critical Study Selection for PFTriA

Appropriate Effects consistent Effects relevant to Toxicity value
Reference duration? with other studies? humans? Number of Doses identifiable? Critical study?
Mertens et al., 2010° v v v 3 S No

To be considered a critical study, the study must be of an appropriate duration (at least 28 days or exposure during gestation), have identified effects that are consistent with
other studies and relevant for humans, have evaluated more than one dose, and have an identifiable toxicity value.
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Table A-3. PFTriA Epidemiological Studies from Literature Review*

Study Type Population Time Exposure Outcomes Results Other PFASs Reference
period evaluated
Prospective Chinese infants 2013-  PFAS Gestational and No associations between PFTriA and birth weight  PFOA, PFNA, PFDA, Caoetal.,
cohort 2015 concentrationsin  postnatal growth  or length, or postnatal weight or length were PFUNnA, PFDOA, 20188
umbilical cord identified. PFTeDA, PFHxDA,
blood PFHxS, PFOS, PFDS
Prospective 4-year-old 2003—-  PFAS Prevalence of A marginal negative association between PFTriA PFHxS, PFOS, PFHxA, Gourdazi
cohort Japanese 2013 concentrationsin  total allergic and TAD (highest vs. lowest quartile) among boys  PFHpA, PFOA, PFNA, etal,,
children maternal plasma diseases (TAD)* was identified: AOR=0.647, 95% Cl: 0.416, 0.1.00; PFDA, PFUnA, PFDoA, 2016’
p=0.017 PFTeDA
*TAD includes
wheezing, PFTriA was not associated with TAD in girls.
eczema, and
rhinoconjunctivitis
symptoms
Cross- Korean general 2008 PFAS Thyroid hormone  Among females, a 1 ng/mL increase in PFTriA was  PFHxS, PFHpS, PFOS, Jietal,
sectional population concentrationsin  levels associated with a 0.037 pg/dL decrease in Ty PFDS, PFOA, PFNA, 20123
serum levels (95% Cl: -0.071, -0.003) and a 0.016 PFDA, PFUNA, PFTriA,
ulU/mL increase in TSH levels (95% Cl: 0.001, PFTeDA, NMeFOSAA,
0.035). EtPFOSAA
No associations between PFTriA and thyroid
hormone levels among males were identified.
Cross- Korean pregnant  2008-  PFAS Birth weight, fetal A 1 ng/mL increase in maternal PFTriA was PFHxS, PFHpS, PFOS, Kim et al.,
sectional women 2009 concentrationsin  thyroid hormone  associated with a 0.380 ng/dL decrease in fetal T;  PFDS, PFOA, PFNA, 2011°
maternal and levels (p<0.05 in adjusted model) and a 0.441 plU/mL PFDA, PFUNA, PFDOA,
fetal cord serum decrease in fetal T4 (p<0.05 in adjusted model). PFTeDA, MePFOSAA,
EtPFOSAA
A 1 ng/mLincrease in fetal PFTriA was associated
with a 0.391 plU/mL decrease in fetal T4 (p<0.05
in unadjusted model only).
No associations between maternal or fetal PFTriA
and birth weight were identified.
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Case- Korean infants 2009-  PFAS Thyroid hormone  PFTriA was negatively correlated with antibodies ~ PFBA, PFPeA, PFHXA, Kim et al.,
control with congenital 2010 concentrationsin  levels and levels related to metabolic disease among infants with PFHpA, PFOA, PFNA, 2016*
hypothyroidism infant serum of relevant CH compared to infants without CH (r=-0.478, PFDA, PFUNA, PFDOA,
(CH) and those antibodies p<0.05). PFTeDA, PFBS, PFHXxS,
without PFHpS, PFOS, PFDS
Prospective Korean elderly 2011- PFAS Insulin resistance  No association between PFTriA and insulin PFBS, PFHxS, PFOS, Kim et al.,
cohort 2012 concentrations in resistance identified. PFDS, PFBA, PFPeA, 2016%°
serum PFHxA, PFHpA, PFOA,
PFNA, PFDA, PFUNA,
PFDOA, PFTeDA
Cross- Chinese adults 2015—-  PFAS Liver function PFTriA was associated with an abnormal level of PFHxXS, PFOS, PFDS, Nian et
sectional 2016 concentrationsin  biomarker levels prealbumin (AOR: 1.30, 95% Cl: 1.12, 1.50) and PFBA, PFPeA, PFHXA, al., 201910
serum total bilirubin (AOR: 1.19, 95% Cl: 1.03, 1.36). PFOA, PFNA, PFDA,
PFUNA, PFDOA,
PFTeDA
Prospective 4-year-old 2012 PFAS Neuro- A natural log unit increase in prenatal PFTriA was  PFOS, PFOA, PFHXxS, Niu et al.,
cohort Chinese children concentrationsin  psychological associated with a marginally higher risk of PFENA, PFDA, PFUNA, 2019%
maternal plasma development developmental problems in communication PFDoA
among boys (highest vs. lowest tertile RR = 1.83,
95% Cl: 1.08, 3.12; p<0.05).
No association between prenatal PFTriA and risk
of developmental problems in communication
among girls identified.
Prospective Japanese 2003—-  PFAS Infant allergic Prenatal exposure to PFTrDA was associated with  PFHxA, PFHpA, PFOA,  Okada et
cohort mothers and 2009 concentrationsin  diseases (eczema, a decrease in the risk of developing infant allergic  PFNA, PFDA, PFUNA, al., 20148
their infants maternal plasma wheezing, and diseases in early childhood in female infants PFTriA, PFTeDA,
allergic rhino- (highest vs. lowest quartile AOR=0.51, 95% ClI: PFHxS, PFOS
conjunctivitis 0.35, 0.75).
symptoms)
Prenatal exposure to PFTrDA was associated with
a decrease in the risk of developing eczema in
early childhood in female infants (highest vs.
lowest quartile AOR=0.39, 95% Cl: 0.23, 0.64).
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No associations between prenatal PFDoA
exposure and the risk of TAD or eczema in male
infants were identified.

Prospective Chinese 2012 PFAS Anogenital Per unit increase in maternal PFTriA, AGD PFHxS, PFOS, PFOA, Tian et al.,
cohort pregnant women concentrationsin  distance (AGD) decreased on average by 1.11 cm (95% Cl: -2.17, - PFNA, PFDA, PFDS, 20194
and their male maternal plasma 0.06) in male infants at 6 months of age (but not PFUNA, PFDOA,
infants at birth nor at 12 months). PFTeDA, PFHxDA

*This literature review is not exhaustive as the primary purpose of the search was to identify epidemiological studies that support toxicological findings.

Epidemiologic terms: OR=0dds ratio; AOR=adjusted odds ratio; RR=relative risk; 95% Cl=95% confidence interval;, r=Spearman correlation coefficient; 8=regression coefficient
PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFDoA=perfluorododecanoic
acid, PFTeDA=perfluorotetradecanoic acid, PFHxDA=perfluorohexadecanoic acid, PFHxS=perfluorohexane sulfonate, PFOS=perfluorooctane sulfonic acid,
PFDS=perfluorodecanesulfonate, PFBS=perfluorobutane sulfonate, PFBA=perfluorobutanoic acid, PFPeA=perfluoropentanoic acid, PFHxA=perfluorohexanoic acid,
PFHpA=perfluoroheptanoic acid, 6:2 FTSA=6:2 fluorotelomer sulfonates, NMeFOSAA=N-methyl perfluorooctanesulfonamidoacetate, EPAH=2-(N-ethyl-perfluorooctane
sulfonamido)acetate, MPAH=2-(N-methyl-perfluorooctane sulfonamido) acetate, PFSA=perfluorooctane sulfonamide; PFHpS=perfluoroheptane sulfonic acid; PFDS=
perfluorodecane sulfonic acid; EtPFOSAA= 2-(Nethyl-perfluorooctane sulfonamido) acetic acid
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Table A-4. PFTriA In vitro Toxicity Studies from Literature Review

Species Cell Line Duratio Doses  Other PFASs evaluated
n (hr) (mM)
Human Thyroid N/A 20,50 PFBA, PFHxXA, PFHpA,
hormone PFOA, PFNA, PFDA,
binding protein PFUdA, PFDoOA, PFTeDA,
(TTR and TBG) PFBS, PFHxS, PFOS,
assay FTOH-6:2, FTOH-8:2,
FTOH-10:2

Results

PFASs with a medium chain length and a sulfonate acid group are
optimal for TTR binding, and PFASs with lengths longer than 12
carbons, like PFTriA, are optimal for TBG binding. While most
PFASs, including PFTriA, bound TTR, only PFTriA and PFTdA acid
bound TBG.

Reference

Ren et al.,
2016°

In vitro terms: TTR=transthyretin, TBG=thyroxine-binding globulin

PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFDoA=perfluorododecanoic
acid, PFTeDA=perfluorotetradecanoic acid, PFHxDA=perfluorohexadecanoic acid, PFHxS=perfluorohexane sulfonate, PFOS=perfluorooctane sulfonic acid,
PFDS=perfluorodecanesulfonate, PFBS=perfluorobutane sulfonate, PFBA=perfluorobutanoic acid, PFPeA=perfluoropentanoic acid, PFHxA=perfluorohexanoic acid,
PFHpA=perfluoroheptanoic acid, 6:2 FTSA=6:2 fluorotelomer sulfonates, NMeFOSAA=N-methyl perfluorooctanesulfonamidoacetate, EPAH=2-(N-ethyl-perfluorooctane
sulfonamido)acetate, MPAH=2-(N-methyl-perfluorooctane sulfonamido) acetate, PFSA=perfluorooctane sulfonamide; PFHpS=perfluoroheptane sulfonic acid; PFDS=
perfluorodecane sulfonic acid; EtPFOSAA= 2-(Nethyl-perfluorooctane sulfonamido) acetic acid
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PFTeA | 2020

Substance Overview

Perfluorotetradecanoic acid (PFTeA) is a chemical in a group of contaminants called per- and
polyfluoroalkyl substances (PFAS). Because of its chemical properties, PFTeA can be found as an impurity
in stain repellants in commercial products like carpet and fabric, as a coating for packaging, or as an
ingredient in fire-fighting foam .2 PFAS, like PFTeA, can persist in the environment and in the human
body for long periods of time.!

Recommendations |
Current Standards

Wisconsin does not currently have an NR140 Groundwater Enforcement Standard: N/A

Quality Public Health Enforcement Standard for PFTeA. DHS  prayentive Action Limit: N/A

recommends an enforcement standard of 10 micrograms Year: N/A

per liter (ug/L) for PFTeA. The recommended standard is
based on a study that found that PFTeA can significantly Recommended Standards

decrease body weight gain in pregnant rats and their Enforcement Standard: 10 ug/L

offspring.? Preventive Action Limit: 2 ug/L
L

DHS recommends that the preventive action limit for PFTeA be set at 20% of the enforcement standard
because PFTeA has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive effects
in people, research animals, or cell culture.

Health Effects

At this time, very few studies have evaluated the effects of PFTeA in people. The available studies have
found that PFTeA may be associated with abnormal levels of pre-albumin (a protein made in the liver to
help carry thyroid hormone and Vitamin A through your bloodstream), increased total cholesterol, and
increased low-density lipoprotein (LDL) levels. Studies in research animals have shown that high levels of
PFTeA can affect the blood, cause damage to the spleen, thymus, and liver, reduce body weight gain in
offspring, and alter the weights of the pituitary gland, seminal vesicle, and liver.

PFTeA has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive effects in
people, research animals, or cell culture.>*? The EPA has not evaluated the carcinogenicity of PFTeA.”

a Carcinogenic effects means the substance can cause cancer; mutagenic effects means the substance can cause
DNA damage; teratogenic means the substance can cause birth defects; and interactive effects mean the
substance can affect the toxicity of another substance or its toxicity can be affected by another substance.
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Chemical Profile

Structure: R FR FR FR F
FW .
Vi
S<
V4
FFFFFFF FO
CAS Number: 376-06-7
Formula: C14HF270,
Molar Mass: 714.1 g/mol
Synonyms: Perfluorotetradecanoic acid

PFTeA

Heptacosafluorotetradecanoic acid

Tetradecanoic acid,

2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,
12,13,13,14,14,14-heptacosafluoro-

PFTeDA

Exposure Routes

PFAS, including PFTeA, can be released directly into the environment during the manufacture and use of
PFAS and can be found in water or soil. PFAS can move between groundwater and surface water. Once

in water, PFAS can travel long distances.'?

People can be exposed to PFAS by drinking water, eating food, and breathing in or accidentally

swallowing soil or dust containing PFAS.!

Current Standard

OH

Wisconsin does not currently have a groundwater standard for PFTeA.®

Standard Development

PFTeA

Federal Numbers

Maximum Contaminant Level:

Health Advisory:

Drinking Water Concentration (Cancer Risk):
State Drinking Water Standard

NR 809 Maximum Contaminant Level:
Acceptable Daily Intake

EPA Oral Reference Dose:
Oncogenic Potential

EPA Cancer Slope Factor:
Guidance Values

Cycle 11

N/A
N/A
N/A
N/A

N/A

N/A
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None available
Literature Search

Literature Search Dates: 1900 - 2020
Key studies found? Yes
Critical studies identified? Yes

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for PFTeA.’
Health Advisory

The EPA has not established health advisories for PFTeA.®
Drinking Water Concentration (Cancer Risk)

The EPA has not established a drinking water concentration based on cancer risk for PFTeA.>

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.

NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for PFTeA.°

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Information System (IRIS) program.

EPA Oral Reference Dose
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The EPA does not have an oral reference dose for PFTeA.>

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If DHS determines that something
is carcinogenic and there is no federal number or ADI from the EPA, the standard must be set at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of PFTeA, we looked to see if the EPA, the International Agency for
Research on Cancer (IARC), or another agency has classified the cancer potential of PFTeA. If so, we
looked to see if EPA or another agency has established a cancer slope factor.

Cancer Classification

The EPA and International Agency for Research on Cancer (IARC) have not evaluated the carcinogenicity
of PFTeA.>10

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for PFTeA.>

Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For PFTeA, we searched for values that been published during or before April 2020. While the Agency
for Toxic Substances and Disease Registry (ATSDR) reviewed the toxicity of 14 PFAS compounds in 2018,
they did not review nor establish any guidance values for PFTeA.?

Literature Search

Our literature review focused on relevant scientific literature on the health effects of PFTeA published
during or before May 2020. We looked for studies related to PFTeA toxicity or effects on a disease state
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in which information on exposure or dose was included as part of the study.® Ideally, relevant studies
used in vivo (whole animal) models and provided data for multiple doses over an exposure duration
proportional to the lifetime of humans.

Approximately fifteen toxicity studies were returned by the search engines. We excluded studies on
non-mammalian or cell systems, non-oral exposure routes, and those that did not evaluate health risks
from further review. After applying these exclusion criteria, we located one key study on PFTeA
(summarized in Table A-1).1! To be considered a critical toxicity study, the study must be of an
appropriate duration (at least 28 days or exposure during gestation), have identified effects that are
consistent with other studies and relevant for humans, have evaluated more than one dose, and have an
identifiable toxicity value.“® The identified key study met the criteria to be considered a critical toxicity
study (see Table A-2).

In our search, we located three epidemiology studies (See Table A-3 for a summary). While multiple
potential exposure sources and the ability for other PFAS compounds to cause similar health effects
preclude using these data to establish a health-based value, such studies are helpful in identifying the
crucial effects and ensuring that the animal data used to establish the standard is relevant to people.

Critical Toxicity Studies

To compare between results in the critical studies, we calculated an acceptable daily intake (ADI) for
each study/effect. The ADI is the estimated amount of PFTeA that a person can be exposed to every day
and not experience health effects. As such, we calculated ADI by dividing a toxicity value from either a
no-observed adverse effect level (NOAEL), lowest observed adverse effect level (LOAEL), or benchmark
dose (BMD) identified in a study by a factor accounting for various sources of scientific uncertainty.®?
Uncertainty factors were included, as appropriate, to account for differences between humans and
animals, differences between healthy and sensitive human populations, using data from short-term
experiments to protect against effects from long-term exposure, and using data where a health effect
was observed to estimate the level that does not cause an effect. To ensure appropriate protection, we

b We used the National Institutes of Health’s PubMed resource, Clarivate Analytics’ Web of Science resource, and
Google Scholar for this search. We used the following search terms in the literature review:

Title/abstract: “PFTeDA” or “perfluorotetradecanoic acid” or “PFTeA”

Subject area: toxicology

Language: English
We also searched online for toxicity studies published by national research programs.
¢ Appropriate toxicity values include the no observable adverse effect level (NOAEL), lowest observable adverse
effect level (LOAEL), and benchmark dose (BMD).
d Due to the limited availability of data for this substance, we considered a study to be of an appropriate duration
if animals were exposed for at least 28 days or if the exposure occurred during pregnancy. We accounted for
differences in exposure duration through the use of an uncertainty factor.
e The NOAEL is the highest dose tested that did not cause an adverse effect, the LOAEL is the lowest dose tested
that caused an adverse effect, and the BMD is an estimation of the dose that would cause a specific level of
response (typically 5 or 10%).
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have chosen to not use studies that have significant uncertainty as the basis for the recommended
enforcement standards.” This approach is consistent with that taken by EPA when establishing oral
reference doses.*

Hirata-Koizumi et al., 2015

Hirata-Koizumi et al. exposed male and female rats to different concentrations of PFTeA (0, 1, 3, and 10
miligrams of PFTeA per kilogram body weight per day or mg/kg-d) by gavage for 42 days in males and
from 14 days pre-mating through 5 days after lactation in females.'! A subset of males and females in
the 0 and 10 mg/kg-d dose groups were withheld treatment for an additional 14 day recovery period
(see Hirata-Koizumi et al. for information on recovery group effects).

In males, PFTeA affected blood and biochemistry parameters and liver weights at the highest dose and
the pituitary gland and seminal vesicle organ weight at the low, mid-, and highest dose (Table 1). PFTeA
increases liver and thyroid cell damage in male rats treated at 3 and 10 mg/kg-d.

Table 1. Statistically Significant Effects Observed in Males in Hirata-Koizumi et al., 2015

Dose (mg/kg-d)
Effects observed in males 1 3 10
Strength Decreased hindlimb grip strength v v
Blood Decreased Activated Partial Thromboplastin Time v
Decreased Total Protein v
Decreased B-Globulin fraction of protein v
Increased alkaline phosphatase v
Increased blood urea nitrogen v
Liver Increased absolute weight v
Increased relative weight v
Increased histopathology cell damage 4 4
Pituitary Gland  Decreased absolute weight v v
Decreased relative weight v v
Seminal Vesicle  Decreased absolute weight * v v
Thyroid Increased histopathology cell damage v v

*The researchers indicated that there was decreased absolute weight of the seminal vesicle across all dose groups but indicated
the NOAEL was 3 mg/kg-d. There was no additional information providing justification for why seminal vesicle weight was not
considered toxicologically meaningful in determining the NOAEL. (see Hirata-Koizumi et al., 2015 for more details).!?

From this study, we identified a lowest observable adverse effect level (LOAEL) of 1 mg/kg-d based on
the dose-dependent decrease in absolute weight of the seminal vesicle observed in male rats. We

selected this value instead of the of No Observed Adverse Effect Level (NOAEL) identified by the authors
because thyroid effects and decreased seminal vesicle weights are consistent with findings, such as

f DHS considers a study to have significant uncertainty if the total uncertainty factors is equal to or greater than
3,000.
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male reproductive effects and endocrine effects, in other PFAS toxicity studies in research animals.84
We determined a candidate ADI of 30 nanograms per kilogram per day (ng/kg-d) using this LOAEL and a
total uncertainty factor of 30,000 to account for differences between humans and research animals (10),
differences among people (10), using a short-term study to extrapolate to long-term exposures (3), using
a LOAEL instead of a NOAEL (10), and the limited availability of information (10). While we obtained a
candidate ADI for PFTeA from this study, this study was not used to establish the recommended
enforcement standard due to significant uncertainty.

In females, PFTeA affected blood chloride levels, relative liver weights, and the B-globulin fraction of
protein —an early indicator of potential immune activity-- at the highest dose (Table 2). In addition to
these statistically significant findings, PFTeA also caused liver, spleen, and thymus cell damage in female
rats treated at the highest dose.

Table 2. Statistically Significant Effects Observed in Females in Hirata-Koizumi et al., 2015
Dose (mg/kg-d)

Effects observed in females 1 3 10
Maternal Lower body weights v v
Offspring Lower body weights v
Blood Increased chloride levels v
Liver Increased relative weight v

Decreased B-Globulin fraction of protein v

From this study, the authors identified a NOAEL of 1 mg/kg-d based on the dose-dependent decrease in
maternal body weights during pregnancy. Decreased body weight gain in pregnant females and in
offspring is consistent with findings in other PFAS toxicity studies in research animals.’®> No significant
changes in reproductive parameters and no abnormalities were found in neonates. We determined a
candidate ADI of 1000 ng/kg-d based on the NOAEL (10) and a total uncertainty factor of 1,000 to
account for differences between humans and research animals (10), differences among people (10),
short term exposure in mating and pregnant rats (1), and the limited availability of information (10).

Key health effects

We did not find any studies that suggest PFTeA has caused carcinogenic, mutagenic, teratogenic, or
interactive effects in people or research animals.

Discussion

g Hirata-Koizumi et al. identified a NOAEL of 1 mg/kg-d based on hepatocellular hypertrophy, alterations in liver
biomarkers and weights, increased hypertrophy of thyroid cells, and significantly decreased hind limb grip strength
at higher doses.
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In research animals, PFTeA has been shown to impact the liver and spleen, decrease the weight of
offspring at birth and during early development, and alter a variety of blood and biochemistry
parameters, consistent with similar effects seen in other long-chain PFAS.%16:7

While studies on the effects of PFTeA among people are limited and results are mixed, data from
available studies suggest that PFTeA may impact total cholesterol levels, LDL levels, and abnormal pre-

albumin levels. 1820

Other studies have demonstrated associations between other long-chain PFAS and birth weight,
development, and male infertility in both humans and research animals.! The evidence in animals and
limited evidence in humans suggests that PFTeA may have consistent effects to these other PFAS.
Related developmental effects have been observed in research animals, including delays in hormone
and motor development, though these effects have either not been seen or not been studied for
PFTeA.!

A number of studies have demonstrated that liver effects caused by PFAS occur primarily through
activation of the nuclear hormone receptor, PPARa (peroxisome proliferator-activated receptor
alpha).?¥® Nuclear receptors regulate gene expression and PPARa regulates the expression of genes
involved in lipid and cholesterol metabolism.?® While PPARa receptors are found in rodents and humans,
levels of these receptors are much higher in rats and mice than in monkeys and humans.?® This means
that effects caused by activation of PPARa are more likely to occur in rodents than they are to occur in
people. As such, the effects on the liver observed in the critical study reviewed here are likely not
relevant to humans.

Standard Selection
DHS recommends an enforcement standard of 10 pg/L PFTeA.

There are no federal numbers and no state drinking Basis for Enforcement Standard
water standard for PFTeA. Additionally, the EPA has not O Federal Number
established a cancer slope factor or ADI (oral reference O Cancer Potential

dose) for PFTeA. However, we found several critical LI EPA Acceptable Daily Intake
M Technical information
|

studies evaluating the toxicity of PFTeA.
However, we found a study that evaluated the toxicity of PFTeA in male and female rats. To calculate
the ADI as specified by Ch. 160.13, Wisc, Statute, DHS used a NOAEL of 1 mg/kg-d based on adverse
effects on body weight gain in pups.® We selected this endpoint because low birth weight has been
demonstrated to increase risk of newborn mortality and increase the risk for other diseases later in life,
such as diabetes, cardiovascular disease, and asthma.?’ The findings of endocrine effects, developmental

effects (body weight gain in offspring), and decreased body weight gain in pregnancy are consistent with
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animal findings with possible human links in other PFAS compounds including PFOA and PFOS.'*% To
determine the enforcement standard, DHS used an ADI of 1000 ng/kg-day and a body weight of 10 kg, a
water consumption rate of 1 L/d, and a relative source contribution of 100% as required by Ch. 160, Wis.
Stats.

DHS recommends a preventive action limit of 2 pg/L PFTeA.

DHS recommends that the preventive action limit for PFTeA be set at 20% of the enforcement standard
because PFTeA has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive effects
in people, research animals, or cell culture.

Prepared by Brita Kilburg-Basnyat, Ph.D. and Sarah Yang, Ph.D.

Wisconsin Department of Health Services
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Appendix A. Toxicity Data

Table A-1. PFTeA Toxicity Studies from Literature Review

Study Type Species Duration Doses Endpoints Toxicity Value Reference
(mg/kg-d) (mg/kg-d)
Long-term Sprague- 42 days with 0,1,3,10 Gavage Hepatocyte hypertrophy and/or NOAEL: N/A Hirata-Koizumi
Dawley 14 days of fatty changes in the liver and LOAEL: 1 etal.,, 2015
Rats recovery follicular cell hypertrophy in the
thyroid at mid- and high doses.
Developmental Sprague- 14 days pre- 0,1,3,10 Gavage Inhibited postnatal body weight NOAEL: 1 Hirata-Koizumi
Dawley mating to day gain pups LOAEL: 3 et al., 2015
Rats 5 of lactation
(41-46 days)
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Table A-2. Critical Study Selection for PFTeA

Toxicity value

Appropriate Effects consistent Effects relevant to
Reference duration? with other studies? humans? Number of Doses identifiable? Critical study?
Hirata-Koizumi et al., 2015 v v v 3 v Yes
(males)
Hirata-Koizumi et al., 2015 v v v 3 v Yes

(females)
To be considered a critical study, the study must be of an appropriate duration (at least 28 days or exposure during gestation), have identified effects that are consistent with

other studies and relevant for humans, have evaluated more than one dose, and have an identifiable toxicity value.
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Table A-3. PFTeA Epidemiological Studies from Literature Review*

Study Type Population Time Exposure Outcomes Results Other PFASs Reference
period evaluated
Prospective Chinese infants 2013-  PFAS Gestational and No associations between PFTeA and birth weight ~ PFOA, PFNA, PFDA, Caoetal.,
cohort 2015 concentrationsin  postnatal growth  or length, or postnatal weight or length were PFUNnA, PFDOA, 2018%°
umbilical cord identified. PFTriA, PFHXDA,
blood PFHxS, PFOS, PFDS
Cross- Taiwanese 2009- PFAS TC, HDL, LDL, TG In the quartile analysis, PFTeA was associated PFOS, PFOA, PFBS, Zeng et
sectional children 2010 concentrations in with elevations in TC (p=0.002) and LDL (p=0.004) PFNA al., 2015%°
serum with arithmetical means of 30.7 ng/ml in boys
and 27.4 ng/ml in girls.
Cross- Chinese adults 2015—-  PFAS Liver function PFTeA was associated with an abnormal level of PFHXS, PFOS, PFDS, Nian et
sectional 2016 concentrationsin  biomarker levels prealbumin (AOR: 1.28, 95% Cl: 1.05, 1.56). PFBA, PFPeA, PFHXA, al., 201918
serum PFOA, PENA, PFDA,
PFUNA, PFDOA,
PFTrDA

*This literature review is not exhaustive as the primary purpose of the search was to identify epidemiological studies that support toxicological findings.

acid, PFTriA=perfluorotetradecanoic acid, PFHxDA=perfluorohexadecanoic acid, PFHxS=perfluorohexane sulfonate, PFOS=perfluorooctane sulfonic acid,
PFDS=perfluorodecanesulfonate, PFBS=perfluorobutane sulfonate, PFBA=perfluorobutanoic acid, PFPeA=perfluoropentanoic acid, PFHxA=perfluorohexanoic acid,

sulfonamido)acetate, MPAH=2-(N-methyl-perfluorooctane sulfonamido) acetate, PFSA=perfluorooctane sulfonamide; PFHpS=perfluoroheptane sulfonic acid; PFDS=
perfluorodecane sulfonic acid; EtPFOSAA= 2-(Nethyl-perfluorooctane sulfonamido) acetic acid

Epidemiologic terms: OR=0dds ratio; AOR=adjusted odds ratio; RR=relative risk; 95% Cl=95% confidence interval;, r=Spearman correlation coefficient; 8=regression coefficient
PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFDoA=perfluorododecanoic

PFHpA=perfluoroheptanoic acid, 6:2 FTSA=6:2 fluorotelomer sulfonates, NMeFOSAA=N-methyl! perfluorooctanesulfonamidoacetate, EPAH=2-(N-ethyl-perfluorooctane
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PFBA | 2020

Substance Overview

Perfluorobutanoic acid® (PFBA) is a chemical in a group of contaminants called per- and polyfluoroalkyl
substances (PFAS). Because of its unique chemical properties, PFBA is used in textile manufacturing and
commercial and industrial products such as paper wrapping, food packaging, and fire-fighting foams.!
PFBA can also be formed when other PFAS are broken down in the environment or the body.?® Because
PFBA has a molecular structure and chemical properties highly similar to those of perfluorooctanoic acid
(PFOA), it has been used as an alternative to PFOA after restrictions were put in place for the
manufacturing and use of PFOA.

Recommendations

Wisconsin does not currently have an NR140 Groundwater

) ) Current Standards
Quality Public Health Enforcement Standard for PFBA. DHS

Enforcement Standard: N/A

recommends an enforcement standard of 20 micrograms . . -

) ) Preventive Action Limit: N/A
per liter (ug/L) for PFBA. The recommended standard is Year: N/A
based on two studies that found that PFBA affected the
thyroid, blood, cholesterol levels, and liver in male rats.”® Recommended Standards
DHS recommends that the preventive action limit for PFBA Enforcement Standard: 10 pg/L
be set at 20% of the enforcement standard because PFBA Preventive Action Limit: 2 pg/L

has not been shown to cause carcinogenic, mutagenic,
teratogenic, or interactive effects in people, research animals, or cell cultures.

Health Effects

Most PFAS can persist in the environment and in the human body for long periods of time.° PFBA has
been shown to leave the body much faster than other PFAS, such as PFOA, which can stay in the body
for years. The half-life of PFBA is estimated to be 72-87 hours.*®

While information about the health effects of PFBA exposure is limited, studies in research animals
indicate that PFBA can affect health. These studies have found that high levels of PFBA can affect the
liver, thyroid, and several blood parameters in rats and mice, with health effects seen more often in

a This scientific support document and the included groundwater standard recommendations also apply to anion
salts of perfluorobutanoic acid.
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males than in females.”®1> One study found that high levels of PFBA can cause developmental delays
. . 16
in mice.

A few studies have looked at the relationship between PFBA exposure and health effects in humans
(summarized in Table A-3). Of these, one study showed an association between higher levels of PFBA
and an increased risk for hypertension in men and women.'” Another study found a correlation between
PFBA and lower hepatitis B virus-related antibody levels, suggesting that PFBA may decrease immunity
to disease.® Additional studies did not find associations between PFBA and other health-related

endpoints, including serum lipid concentrations, congenital hypothyroidism, and insulin resistance.'®%!

PFBA has not been shown to cause carcinogenic (cancer), mutagenic (DNA damage), teratogenic (birth
defects), or interactive effects in people, research animals, or cell cultures.® The EPA has not evaluated
the carcinogenicity of PFBA.

Chemical Profile

PFBA
Structure: F F O
F
OH

F FF F
CAS Number: 375-22-4
Formula: C:HF;0,
Molar Mass: 214.039 g/mol
Synonyms: Heptafluorobutanoic acid

Butanoic acid, 2,2,3,3,4,4,4-heptafluoro-
Butanoic acid, heptafluoro-
Butyric acid, heptafluoro-

PFBA

Exposure Routes

PFAS, including PFBA, can be released directly into the environment during the manufacture and use of

PFAS and can be found in water or soil. PFAS can move between groundwater and surface water. Once

in water, PFAS can travel long distances.>??

People can be exposed to PFAS, like PFBA, by drinking water, eating food, and breathing in or
accidentally swallowing soil or dust containing PFAS.°

Current Standard
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Wisconsin does not currently have groundwater standards for PFBA.?

Standard Development

Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: N/A
Oncogenic Potential

EPA Cancer Slope Factor: N/A
Guidance Values

ATSDR Oral Minimum Risk Level: N/A
Literature Search

Literature Search Dates: 1900-2019

Key studies found? Yes

Critical studies identified? Yes

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for PFBA.*
Health Advisory

The EPA has not established health advisories for PFBA.%
Drinking Water Concentration (Cancer Risk)

The EPA has not established a drinking water concentration based on a cancer risk level determination
for PFBA.%®
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State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.

NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for PFBA.%’

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides or for use by the Integrated Risk
Information System (IRIS) program.

EPA Oral Reference Dose

The EPA does not have an oral reference dose for PFBA.2®

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, DHS must set the standard at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of PFBA, we looked to see if the EPA, the International Agency for
Research on Cancer (IARC), or another agency has classified the cancer potential of PFBA. If so, we look
to see if EPA or another agency has established a cancer slope factor.

Cancer Classification

The EPA and International Agency for Research on Cancer (IARC) have not evaluated the carcinogenicity
of PFBA.

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for PFBA.%®
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Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and that indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For PFBA, we searched for values that been published on or before January 2020. While the Agency for
Toxic Substances and Disease Registry (ATSDR) reviewed the toxicity of PFBA in 2018, they did not
establish any guidance values for PFBA.>?

Literature Search

Our literature review focused on relevant scientific literature on the health effects of PFBA published on
or before January 2020. We looked for studies related to PFBA toxicity or effects on a disease state in
which information on exposure or dose was included as part of the study.© Ideally, relevant studies used
in vivo (whole animal) models and provided data for multiple doses over an exposure duration
proportional to the lifetime of humans.

Approximately 475 total studies on PFBA were returned by the search engines. We excluded studies on
non-mammalian or cell systems, non-oral exposure routes, and those that did not evaluate health risks
from further review. After applying these exclusion criteria, we located nine key toxicity studies on PFBA
(summarized in Table A-1). To be considered a critical toxicity study, the study must be of an appropriate
duration (at least 28 days or exposure during gestation), have identified effects that are consistent with

b ATSDR did not identify any chronic-duration oral studies for PFBA in their literature review. While they located
several intermediate-duration studies, they did not establish a minimum risk level (MRL) for PFBA.??2 Although the
available studies had examined potentially sensitive endpoints and developmental toxicity, the database was
missing a reliable estimate of elimination half-life in humans; ATSDR did not consider the available half-life
information adequate for derivation of an MRL due to lack of data from females.
¢ We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: "perfluorobutanoic acid" or "perfluorobutanoate" or "perfluorobutyric acid" or

"heptafluorobutyric acid"

Subject area: N/A

Language: English
We also searched online for toxicity studies published by national research programs.
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other studies and relevant for humans, have evaluated more than one dose, and have an identifiable
toxicity value. %€ Five of these studies met the criteria to be considered a critical toxicity study (see Table
A-2).

In our search, we also located several epidemiology studies (summarized in Table A-3). While multiple
potential exposure sources and the ability for other PFAS compounds to cause similar health effects
preclude using these data to establish a health-based value, such studies are helpful in identifying the
critical effects and ensuring that the animal data used to establish the standard are relevant to people.

Critical Toxicity Studies

To compare between results from recently found studies and the study used to set the current
enforcement standard, we calculated an acceptable daily intake (ADI) for each study/effect. The ADI is
the estimated amount of PFBS that a person can be exposed to every day and not experience health
impacts. As such, we calculated ADI by dividing a toxicity value from either a no-observed adverse effect
level (NOAEL), lowest observed adverse effect level (LOAEL), or benchmark dose lower confidence level
(BMDL) identified in a study by a factor accounting for various sources of scientific uncertainty.” We
included uncertainty factors to account for differences between humans and animals, differences
between healthy and sensitive human populations, using data from short-term experiments to protect
against effects from long-term exposure, and using data where a health effect was observed to estimate
the level that does not cause an effect, as appropriate. To ensure appropriate protection, we have
chosen to not use studies that have significant scientific uncertainty as the basis for the recommended
enforcement standards.8 This approach is consistent with that taken by EPA when establishing oral
reference doses.?®

Butenhoff et al., 2012a

Butenhoff et al. exposed male and female rats to different concentrations of PFBA (0, 6, 30, and 150
milligrams of PFBA per kilogram body weight per day or mg/kg-d) through gavage for 28 days.” The

d Appropriate toxicity values include the no observable adverse effect level (NOAEL), lowest observable adverse
effect level (LOAEL), and benchmark dose (BMD).

e Due to the limited availability of data for this substance, we considered a study to be of an appropriate duration
if animals were exposed for at least 28 days or if the exposure occurred during pregnancy. We accounted for
differences in exposure duration through the use of an uncertainty factor.

f The NOAEL is the highest dose tested that did not cause an adverse effect, the LOAEL is the lowest dose tested
that caused an adverse effect, and the BMDL is the lower limit of a one-sided 95% confidence interval established
using benchmark dose modeling. Benchmark dose modeling is considered the state of the science for establishing
health-based values like an acceptable daily intake. Benchmark dose modeling takes account of all of the data for a
particular effect from a particular experiment, allows for increased consistency, and can better account for
statistical uncertainties.

g DHS considers a study to have significant uncertainty if the total uncertainty factors is greater than 3,000.

PFBA Cycle 11 80



authors found that PFBA did not affect females in a dose-response manner, but increased absolute liver
weight and lowered serum total cholesterol and thyroxine in males (Table 1). In addition to these
statistically significant findings, the study observed minimal liver cell damage at the highest dose and
minimal to slight enlargement of the thyroid at all doses and with increasing incidence in a dose-
dependent manner.

Table 1. Statistically Significant Effects Observed in Male and Female Rats in Butenhoff et al., 2012a
Dose (mg/kg-d)

Effects observed in males 6 30 150
Liver Higher absolute liver weight v v
Lower serum total cholesterol v v
Thyroid Higher absolute thyroid weight < &
Lower serum total thyroxine v v v
Lower serum free thyroxine v v v
Clinical chemistry  Higher serum potassium o
Higher inorganic phosphate o

Effects observed in females
Thymus Higher absolute thymus weight &

*The authors did not consider this finding to be toxicologically meaningful (see Butenhoff et al., 2012a for more details).”

From this study, we identified a lowest observable adverse effect level (LOAEL) of 6 mg/kg-d based on
effects on thyroid hormones (lower serum thyroxine) in male rats. We selected this value instead of the
higher NOAEL identified by the authors because thyroid effects are consistent with findings in other
PFAS toxicity studies in research animals.™® We estimated a candidate ADI of 0.002 mg/kg-d from this
study based on the LOAEL and the total uncertainty factor of 100,000 to account for differences
between people and research animals (10), differences among people (10), use of a shorter duration
study to protect against effects from long-term exposure (10), the use of a LOAEL instead of a No
Observed Adverse Effect Level (NOAEL) (10), and the limited availability of information (10). While we
obtained a candidate ADI for PFBA from this study, this study was not used to establish the
recommended enforcement standard due to significant uncertainty.

Butenhoff et al., 2012b

Butenhoff et al. exposed male and female rats to different concentrations of PFBA (0, 1.2, 6, and 30
mg/kg-d) through gavage for 90 days.” The authors found that PFBA increased absolute liver weight and
alkaline phosphatase levels and lowered serum total thyroxine and other blood parameters in males at
30 mg/kg-d (Table 2). In addition to these statistically significant findings, the study observed slight to

h Butenhoff et al. identified a NOAEL of 6 mg/kg-d because thyroid effects resolved after cessation of exposure.
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minimal liver cell damage at the highest dose and slight to minimal enlargement of the thyroid at all
doses and with increasing incidence in a dose-dependent manner.

Table 2. Statistically Significant Effects Observed in Male and Female Rats in Butenhoff et al., 2012b
Dose (mg/kg-d)

Effects observed in males 1.2 6 30
Blood Lower red blood cell concentration v
Lower hemoglobin concentration v
Lower hematocrit v
Higher red cell distribution width v
Clinical chemistry ~ Lower serum calcium *
Liver Higher alkaline phosphatase *
Lower serum total protein *
Lower serum total bilirubin . -
Higher absolute liver weight v
Thyroid Lower serum total thyroxine v
Effects observed in females
Liver Lower serum total bilirubin -

*The authors did not consider this finding to be toxicologically meaningful (see Butenhoff et al., 2012b for more details).

From this study, the authors identified a NOAEL of 6 mg/kg-d based on effects on the liver, thyroid,
calcium levels, and blood in males at the highest dose. We estimated a candidate ADI of 0.002 mg/kg-d
from this study based on the NOAEL and a total uncertainty factor of 3,000 to account for differences
between people and research animals (10), differences among people (10), the use of a long-term study
duration (3), and the limited availability of information (10).

In 2018, the Minnesota Department of Health established a benchmark dose lower confidence level
(BMDL) of 3 mg/kg-d based on this study and van Otterdijk, 2007b described below.”#% We estimated a
candidate ADI of 0.001 mg/kg-d PFBS from this study based on the BMDL established by the Minnesota
Department of Health and a total uncertainty factor of 3,000 to account for differences between
humans and research animals (10), differences among people (10), use of a long-term study duration
(3), and the limited availability of information (10).

Das et al., 2008

Das et al. exposed pregnant mice to different concentrations of PFBA (0, 35, 175, and 350 mg/kg-d)
through gavage during gestation day (GD) 1-17 and examined effects in them and in their pups through
postnatal day (PD) 21 and 291.1® The authors found that PFBA increased absolute and relative liver
weights in mothers at 175 and 350 mg/kg-d and caused full-litter losses at the highest dose (Table 3). In
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offspring, PFBA affected growth by delaying eye opening at all three doses and delaying the onset of
puberty at 175 and 350 mg/kg-d.

Table 3. Statistically Significant Effects Observed in Pregnant Female Mice in Das et al., 2008
Dose (mg/kg-d)

Effects observed in mothers 35 175 350
Liver Higher absolute liver weight at term v v
Higher relative liver weight at term v v
Higher absolute liver weight at postweaning age v v
Higher relative liver weight at postweaning age v v
Reproduction Increase in full-litter loss* v
Growth Delayed eye opening v v v
Delayed vaginal opening v v
Delayed preputial separation v

*Mice that were positive for implantations but did not have any fetuses at term were categorized as having experienced full-
litter losses.

From this study, we identified a LOAEL of 35 mg/kg-d based on delayed eye opening in offspring at all
doses. We estimated a candidate ADI of 0.012 mg/kg-d based on the LOAEL and a total uncertainty
factor of 10,000 to account for differences between humans and research animals (10), differences
among people (10), the use of a LOAEL instead of a NOAEL (10), and the limited availability of
information (10). While we obtained a candidate ADI for PFBA from this study, this study was not used
to establish the recommended enforcement standard due to significant uncertainty.

Van Otterdijk, 2007a

Van Otterdijk exposed male and female rats to different concentrations of PFBA (0, 6, 30, and 150
mg/kg-d) through gavage for 28 days.* In the study, the authors found that PFBA increased absolute
and relative liver weights at 150 mg/kg-d and affected several clinical biochemistry parameters in males,
including increased potassium and organic phosphate levels at 150 mg/kg-d and reduced cholesterol at
30 and 150 mg/kg-d (Table 4). In addition to these statistically significant findings, the authors saw other
effects in males, including minimal enlargement of the liver and delayed bilateral pupillary reflex at 150
mg/kg-d and minimal to slight enlargement of the thyroid gland at 30 and 150 mg/kg-d.

Table 4. Statistically Significant Effects Observed in Rats in van Otterdijk, 2007a
Dose (mg/kg-d)

Effects observed in males 6 30 150
Clinical Increased potassium levels v
biochemistry Increased organic phosphate levels v
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Liver Increased absolute and relative liver weights v v
v

Reduced cholesterol levels v
Thyroid Increased absolute and relative thyroid weights v e
Effects observed in females
Thymus Higher absolute thymus weight w

*The authors did not consider this finding to be toxicologically meaningful (see van Otterdijk, 2007a for more details).*

From this study, the authors identified a NOAEL of 6 mg/kg-d based on minimal to slight enlargement of
the thyroid gland, increased liver weights and lower cholesterol levels in males at 30 and 150 mg/kg-d
PFBA. We estimated a candidate ADI of 0.002 mg/kg-d based on the NOAEL and a total uncertainty
factor of 10,000 to account for differences between humans and research animals (10), differences
among people (10), use of a shorter duration study to protect against effects from long-term exposure
(10), and the limited availability of information (10). While we obtained a candidate ADI for PFBA from
this study, this study was not used to establish the recommended enforcement standard due to
significant uncertainty.

Van Otterdijk, 2007b

Van Otterdijk exposed male and female rats to different concentrations of PFBA (0, 1.2, 6, and 30
mg/kg-d) through oral gavage for 90 days.? In the study, the authors found that PFBA affected the liver
and blood in males at 30 mg/kg-d (Table 5). In addition to these statistically significant findings, the
authors observed delayed pupillary reflex in males and females and minimal to slight enlargement of the
liver and thyroid in males at 30 mg/kg-d PFBA.

Table 5. Statistically Significant Effects Observed in Rats in van Otterdijk, 2007b
Dose (mg/kg-d)
Effects observed in males 1.2 6
Blood Reduced red blood cell count
Increased red blood cell distribution width
Reduced hemoglobin level
Reduced hematocrit level
Increased white blood cell count &

ASENRNAN &

Liver Increased absolute and relative liver weights
Increased alkaline phosphatase activity levels
Reduced total protein levels
Reduced total bilirubin levels <
Reduced alanine aminotransferase activity levels o
Reduced aspartame aminotransferase activity levels o

LS IRNERNIAN

Clinical biochemistry Reduced calcium levels v
Increased sodium levels &
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Increased inorganic phosphate levels
Thymus Increased absolute and relative thymus weights v
Blood Reduced mean corpuscular hemoglobin >
Reduced mean corpuscular hemoglobin
concentration
Liver Reduced total bilirubin levels
Clinical biochemistry Increased sodium levels

*

*

*The authors did not consider this finding to be toxicologically meaningful (see van Otterdijk, 2007b for more details).®

From this study, the authors identified a NOAEL of 6 mg/kg-d based on minimal to slight enlargement of
the thyroid gland, increased liver weights and lower cholesterol levels in males at 30 and 150 mg/kg-d
PFBA. We estimated a candidate ADI of 0.002 mg/kg-d based on the NOAEL and a total uncertainty
factor of 3,000 to account for differences between humans and research animals (10), differences
among people (10), use of a long-term study duration (3), and the limited availability of information
(10).

In 2018, the Minnesota Department of Health established a benchmark dose lower confidence level
(BMDL) of 3 mg/kg-d based on this study and Butenhoff et al., 2012b described above.”?4¢ We
estimated a candidate ADI of 0.001 mg/kg-d PFBS from this study based on the BMDL established by the
Minnesota Department of Health and a total uncertainty factor of 3,000 to account for differences
between humans and research animals (10), differences among people (10), use of a long-term study
duration (3), and the limited availability of information (10).

Key health effects

We did not find literature that suggest PFBA has carcinogenic, mutagenic, teratogenic or interactive
effects in people, research animals, or cell culture.

Discussion

Studies in research animals show that PFBA can affect the thyroid, blood, cholesterol levels, and liver in
male rats, a finding consistent with other PFAS studies in people and research animals that have also
shown associations with these effects.”41¢ |n addition, several new studies among people exposed to
high levels of PFAS suggest that PFBA exposure is associated with risk for hypertension and lower

immunity to disease.'”8

Studies in research animals and people have shown that PFBA, as well as other PFAS, can affect the
levels of thyroid hormones.® Thyroid hormones are crucial for development, energy balance, and
metabolism in all species.?® In people, thyroid hormones play an important role in the development of
the brain, lungs, and heart.?® Scientists have learned that certain PFAS, including PFBA, can bind to
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transport proteins involved in moving thyroid hormones throughout the body.3° Scientists are still
learning how this effect occurs and its impact on health.

Studies in research animals have shown that PFBA, as well as other PFAS, can affect the blood (e.g., red
blood cell concentrations, hemoglobin level, hematocrit level).® Testing whether these components fall
within a normal range can help determine the health of a human or an animal and whether disease is
present or there are issues with normal organ function.3! While PFAS, including PFBA, can be found in
the blood of exposed individuals, epidemiologic studies among people have not found associated

changes in blood components.>3?

Studies in rodents have shown that PFBA, as well as other PFAS, can reduce cholesterol levels.®
However, studies in people have shown that PFAS exposure is associated with increased total
cholesterol and LDL levels.>* Scientists are learning more about the ways in which PFAS reduce
cholesterol levels in rodents and believe that they are associated with activation of nuclear hormone
receptors.3* Because nuclear receptors, like PPARa, are important regulators of lipid metabolism,
changes in their expression patterns can affect lipid transport and alter cholesterol levels. However, at
this time, it is unclear whether PFAS might act the same way in people as they do in animals.

A number of studies have demonstrated that liver effects caused by PFAS, like PFBA, occur primarily
through activation of the nuclear hormone receptor, PPARa (peroxisome proliferator-activated receptor
alpha).3>* Nuclear receptors regulate gene expression and PPARa regulates the expression of genes
involved in lipid and cholesterol metabolism.* While PPARa receptors are found in rodents and humans,
levels of these receptors are much higher in rats and mice than in monkeys and humans.* This means
that effects caused by activation of PPARa are more likely to occur in rodents than they are to occur in
people. As such, the effects on the liver observed in the critical studies reviewed here are likely not
relevant to humans.

Standard Selection
DHS recommends an enforcement standard of 10 ug/L for PFBA.

There are no federal numbers and no state drinking Basis for Enforcement Standard

water standard for PFBA. Additionally, the EPA has not O Federal Number
evaluated the carcinogenicity or established an ADI O Cancer Potential
(oral reference dose) for PFBA. [0 EPA Acceptable Daily Intake
) ) M Technical information
However, we found several studies evaluating the I

toxicity of PFBA in research animals. To calculate the ADI as specified in s. 160.13, Wisc. Statute, DHS
selected critical studies by Butenhoff et al., 2012b and van Otterdijk, 2007b.”® We selected these studies
because they are long-term studies with agreeing NOAELs which found that PFBA affected the thyroid,
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blood, cholesterol, and liver in male rats. In 2018, the Minnesota Department of Health established a
benchmark dose lower confidence level (BMDL) of 3.0 mg/kg-d for PFBA based on these studies.*®' We
used this BMDL and a total uncertainty factor of 3000 to obtain an ADI of 0.001 mg/kg-d. This
uncertainty factor accounts for differences between humans and research animals (10), differences
among people (10), use of a long-term study duration (3), and the limited availability of information
(10).To determine the recommended enforcement standard, DHS used the ADI, and, as required by Ch.
160, Wis. Stats., a body weight of 10 kg, a water consumption rate of 1 L/d, and a relative source
contribution of 100%.

DHS recommends a preventive action limit of 2 ug/L for PFBA.

DHS recommends that the preventive action limit for PFBA be set at 20% of the enforcement standard
because PFBA has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive effects
in people, research animals, or cell cultures.®

Prepared by Amanda Koch, MPH and Sarah Yang, Ph.D.

Wisconsin Department of Health Services
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Appendix A. Toxicity Data

Table A-1. PFBA Toxicity Studies from Literature Review

Study Type Species  Duration

Key Findings

Toxicity Value

(mg/kg-d)

Reference

Short-Term Rat 28 days 6, 30, 150 mg/kg-d Gavage Males: Higher serum potassium and LOAEL: 30 Butenhoff et
inorganic phosphate at 150 mg/kg-d, higher  (males); N/A al., 20123’
absolute liver weight at 30 and 150 mg/kg-d, (females)
and lower serum total cholesterol and
thyroxine levels at all doses NOAEL
Females: Higher absolute thymus weight at (reported):

6 mg/kg-d only 6 (males);
150 (females)

Long-Term Rat 90 days 1.2, 6, 30 mg/kg-d Gavage Males: Higher absolute liver weight, lowered LOAEL: 30 Butenhoff et
serum total thyroxine and other blood (males); N/A al., 2012b’
parameters, and altered clinical chemistry at  (females)

30 mg/kg-d; lower serum total bilirubin at 6
and 30 mg/kg-d NOAEL
Females: Lower serum total bilirubin at 30 (reported):
mg/kg-d 6 (males);
30 (females)
Short-Term Rat 5 weeks 5 mg/kg body weight Drinking Mild liver hypertrophy with no genotoxicity LOAEL: 5 Crebelli et al.,
(corresponding to 28 mg/L)  water NOAEL: N/A 20191

Developmental Mouse GD 1-17 35, 175, 350 mg/kg-d Gavage Mothers: Greater incidence of full-litter loss ~ LOAEL: 35 Das et al.,
at 350 mg/kg-d; higher maternal liver NOAEL: N/A 200816
weights at 175 and 350 mg/kg-d.

Offspring: Delays in eye-opening at all three
doses; delays in vaginal opening at 175 and
350 mg/kg-d; delays in preputial opening at
the highest dose
Short-Term Rat 2 weeks 0.02% PFBA (14 days in Diet (chow)  Significant increase in liver cell enzyme LOAEL: 0.02% Ikeda et al.,
chow) activity; no significant effect on relative liver ~ NOAEL: N/A 198512
weights
Short-Term Rat 14 days 0.25% PFBA (14 days in Diet (chow)  Significantly increased liver size, significant LOAEL: 0.25%  Justetal,,
chow) changes in liver cell enzyme activity NOAEL: N/A 198913

PFBA
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reduced calcium levels

Short-Term Mouse 10 days 78 mg/kg/day Diet (chow)  Significant increase in absolute and relative LOAEL: 78 Permadi et al.,
liver weight accompanied by changes in NOAEL: N/A 19921
enzymes involved in drug metabolism
and/or in deactivation of reactive oxygen
species; no significant effect on parameters
of peroxisomal fatty acid f-oxidation

Short-Term Rat 28 days 6, 30, 150 mg/kg-d Gavage Increased absolute and relative liver weights  LOAEL: 30 van Otterdijk,
at 150 mg/kg-d; increased potassium and (males); N/A 20073
organic phosphate levels at 150 mg/kg-d and (females)
reduced cholesterol at 30 and 150 mg/kg-d

NOAEL
(reported):

6 (males); 150
(females)

Long-Term Rat 90 days 1.2, 6, 30 mg/kg-d Gavage Males at 30 mg/kg-d: Reduced red blood cell LOAEL: 30 van Otterdijk,
count, blood hemoglobin and hematocrit (males); N/A 2007b?
levels; increased red blood cell distribution (females)
width; increased absolute and relative liver
weights; increased alkaline phosphatase NOAEL
activity levels; reduced total protein levels; (reported): 6
reduced alanine aminotransferase and (males); 30
aspartame aminotransferase activity levels; (females)

GD=gestation day, PND=postnatal day, IP=intraperitoneal
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Table A-2. Critical Study Selection for PFBA

Appropriate Effects consistent Effects relevant to Toxicity value
Reference duration? with other studies? humans? Number of Doses identifiable? Critical study?

Butenhoff et al., 2012a’ v v 4 3 4 Yes

Butenhoff et al., 2012b7 v v 4 3 v Yes
Crebelli et al., 2019 © v 4 1 ©
Das et al., 2008 v 4 v 3 v
lkeda et al., 1985 O v v 1 v
Just et al., 1989"3 ) v 4 1 N
Permadi et al., 1992%> O v 4 1 v
Van Otterdijk, 2007a%* v v v 3 v

Van Otterdijk, 2007b® 4 v 4 3 v Yes

To be considered a critical study, the study must be of an appropriate duration (at least 28 days or exposure during gestation), have identified effects that are consistent with
other studies and relevant for humans, have evaluated more than one dose, and have an identifiable toxicity value.
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Table A-3. PFBA Epidemiological Studies from Literature Review*

Study Type Population Time Exposure Outcomes T Other PFAS Reference
period evaluated
Cross- Chinese adults 2015—  PFBA concentrations  Hypertension, A 1-In-unit increase of PFBA concentration PFNA, PFHxXS, Bao et al.,
sectional 2016 in blood serum blood pressure  (ng/ml) was significantly associated with an PFDA, PFHxA, 2017Y
increased risk of hypertension (aOR=1.10, 95% PFDOA, PFTeA,
Cl: 1.04, 1.17) among males and females. When PFTrA, PFUNA,
stratified by gender, the association remained PFBS, PFDS,
significant for both genders. PFHpA, PFPA
A 1-In-unit increase of PFBA concentration
(ng/ml) was not significantly associated with a
change in diastolic blood pressure.
Cross- Chinese general 2011 PFBA concentrations  Serum lipid PFBA was not associated with total cholesterol, PFBS, PFHxS, Fuetal.,
sectional population (age in blood serum concentrations  triglycerides, high-density lipoprotein cholesterol PFOS, PFPeA, 2014%°
range: 0.3—88 or low-density lipoprotein cholesterol. PFHxXA, PFHpA,
years) PFOA, PFNA,
PFDA, PFUNA,
PFDoA
Case- South Korean 2009—  PFBA concentrations  Congenital No statistically significant differences in PFBA PFPeA, PFHXA, Kim et al,
control infants 2010 in blood serum hypothyroidism  exposure levels between infants with and PFHpA, PFOA, 2016%°
without congenital hypothyroidism were PFNA, PFDA,
identified. PFUNA, PFOS,
PFBS, PFDOA,
PFTrDA, PFTeDA,
PFHXxS, PFDS
PFHpS,
Prospective Korean elderly 2011-  PFAS concentrations  Insulin No relationship between insulin resistance and PFBS, PFHXS, Kim et al.,
cohort 2012 in blood serum resistance those with varying PFBA levels was identified. PFOS, PFDS, PFBA, 201621
PFPeA, PFHxA,
PFHpA, PFOA,
PFNA, PFDA,
PFUNA, PFTrDA,
PFTeDA
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Cross- Chinese adults? PFAS concentrations  Hepatitis B Lower serum Hepatitis B virus surface antibody Zeng et al.,,
sectional in blood serum virus surface levels (log mlU/mL) were observed for each log- 201918
antibody levels  unit increase in linear PFBA (B =-0.18, 95% Cl:
in blood serum  0.28, -0.08).

*This literature review is not exhaustive as the primary purpose of the search was to identify epidemiological studies that support toxicological findings.

Epidemiologic terms: OR=0dds ratio; AOR=adjusted odds ratio; RR=relative risk; 95% Cl=95% confidence interval;, r=Spearman correlation coefficient; 8=regression coefficient
PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFTrDA=perfluorotridecanoic
acid, PFTeDA=perfluorotetradecanoic acid, PFHxDA=perfluorohexadecanoic acid, PFHxS=perfluorohexane sulfonate, PFOS=perfluorooctane sulfonic acid,
PFDS=perfluorodecanesulfonate, PFBS=perfluorobutane sulfonate, PFBA=perfluorobutanoic acid, PFPeA=perfluoropentanoic acid, PFHxA=perfluorohexanoic acid,
PFHpA=perfluoroheptanoic acid, 6:2 FTSA=6:2 fluorotelomer sulfonates, NMeFOSAA=N-methyl! perfluorooctanesulfonamidoacetate, EPAH=2-(N-ethyl-perfluorooctane
sulfonamido)acetate, MPAH=2-(N-methyl-perfluorooctane sulfonamido) acetate, PFSA=perfluorooctane sulfonamide; PFHpS=perfluoroheptane sulfonic acid; PFDS=
perfluorodecane sulfonic acid; EtPFOSAA= 2-(Nethyl-perfluorooctane sulfonamido) acetic acid
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PFPeA | 2020

Substance Overview

Perfluoropentanoic acid® (PFPeA) is a chemical in a group of contaminants called per- and
polyfluoroalkyl substances (PFAS). As PFAS with longer carbon chains are phased out of production,
PFPeA, with only five carbons, is increasingly found in stain repellants in commercial products like carpet
and fabric, and in some fire-fighting foams.! PFPeA persists in the environment for decades.!

Recommendations

Current Standards
Quality Public Health Enforcement Standard or Preventive Enforcement Standard: N/A

Action Limit for PFPeA.

Wisconsin does not currently have an NR140 Groundwater

Preventive Action Limit: N/A
DHS found insufficient information to recommend an Year: N/A

enforcement standard or preventive action limit for PFPeA.
Recommended Standards

Health Effects Enforcement Standard: N/A

Studies investigating the health effects of PFPeA are limited. ~ Preventive Action Limit: N/A
|

Data from in vitro studies suggest that the liver may be a

target of PFPeA toxicity; this effect is consistent with those seen with other PFAS.>* Limited studies in

people suggest that PFPeA may also impact thyroid hormone levels and sperm motility.>”’

There is insufficient evidence to determine if PFPeA causes carcinogenic (cancer), mutagenic (DNA
damage), teratogenic (birth defects), or interactive effects in people or research animals. The EPA has
not evaluated the carcinogenicity of PFPeA.2

a This scientific support document also applies to anion salts of perfluoropentanoic acid.
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Chemical Profile

Acronym

Structure: F F F F O

F OH
FFFF

CAS Number: 2706-90-3

Formula: CsHF903

Molar Mass: 264.05 g/mol
Synonyms: Pentanoic acid, 2,2,3,3,4,4,5,5,5-

nonafluoro-;
Undecafluorohexanoic acid;
Perfluorovaleric acid

Exposure Routes

PFAS, including PFPeA, can be released directly into the environment during the manufacture and use of
PFAS and can be found in water or soil. PFAS can move between groundwater and surface water. Once
in water, PFAS can travel long distances.>° Short-chain PFAS, such as PFPeA, are more mobile and can
travel longer distances than longer-chain PFAS.?

People can be exposed to PFAS by drinking water, eating food, and breathing in or accidentally
swallowing soil or dust containing PFAS.

Current Standard

Wisconsin does not currently have groundwater standards for PFPeA.!!
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Standard Development

Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: N/A
Oncogenic Potential

EPA Cancer Slope Factor: N/A

Guidance Values
None Available

Literature Search

Literature Search Dates: 1900-2019
Key studies found? No
Critical studies identified? No

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for PFPeA.*
Health Advisory

The EPA has not established health advisories for PFPeA.™
Drinking Water Concentration (Cancer Risk)

The EPA has not established drinking water concentrations based on a cancer risk level determination
for PFPeA.®

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.
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NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for PFPeA.*

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Information System (IRIS) program.

EPA Oral Reference Dose

The EPA does not have an oral reference dose for PFPeA.2

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, DHS must set the standard at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of PFPeA, we looked to see if the EPA, the International Agency for
Research on Cancer (IARC), or another agency has classified the cancer potential of PFPeA. If so, we look
to see if EPA or another agency has established a cancer slope factor.

Cancer Classification

The EPA and International Agency for Research on Cancer (IARC) have not evaluated the carcinogenicity
of PFPeA.®15

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for PFPeA.2
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Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and that indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For PFPeA, we searched for values that have been published on or before Dec 2019. As of Dec 2019, no
agencies or organizations have reviewed the toxicity of PFPeA or developed guidance values for PFPeA.

Literature Search

Our literature review focused on relevant scientific literature on the health effects of PFPeA published
on or before Dec 2019. We looked for studies related to PFPeA toxicity or effects on a disease state in
which information on exposure or dose was included as part of the study.” Ideally, relevant studies used
in vivo (whole animal) models and provided data for multiple doses over an exposure duration
proportional to the lifetime of humans.

Seven toxicity studies were returned by the search engines. We excluded studies on non-mammalian or
cell systems, non-oral exposure routes, and those that did not evaluate health risks from further review.
After applying these exclusion criteria, we located one key toxicity study on PFPeA (summarized in Table
A-1). To be considered a critical toxicity study, the study must be of an appropriate duration (at least 28
days or exposure during gestation), have identified effects that are consistent with other studies and
relevant for humans, have evaluated more than one dose, and have an identifiable toxicity value.“® After

b We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: PFPeA OR 2706-90-3 OR “Perfluoropentanoic acid” OR “perfluoropentanoate”

Subject area: toxicology

Language: English
We also searched online for toxicity studies published by national research programs.
¢ Appropriate toxicity values include the no observable adverse effect level (NOAEL), lowest observable adverse
effect level (LOAEL), and benchmark dose (BMD). The NOAEL is the highest dose tested that did not cause an
adverse effect, the LOAEL is the lowest dose tested that caused an adverse effect, and the BMD is an estimation of
the dose that would cause a specific level of response (typically 5 or 10%).
d Due to the limited availability of data for this substance, we considered a study to be of an appropriate duration
if animals were exposed for at least 28 days or if the exposure occurred during pregnancy. We accounted for
differences in exposure duration through the use of an uncertainty factor.
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reviewing the key study, we determined that it did not meet the criteria to be considered a critical
toxicity study (see Table A-2). We did locate one in vitro study evaluating the toxicity of PFPeA in
mammalian cell lines (see Table A-3 for details on this study).

In our search, we also located four epidemiology studies (see Table A-4 for a summary). While multiple
potential exposure sources and the ability for other PFAS compounds to cause similar health effects
preclude using these data to establish a health-based value, such studies are helpful in identifying the
crucial effects and ensuring that the animal data used to establish the standard are relevant to people.

Critical toxicity studies
We did not identify any critical toxicity studies.
Key health effects

We did not find any studies indicating that PFPeA can cause carcinogenic, mutagenic, teratogenic, or
interactive effects in people, research animals, or cell culture.

Standard Selection

DHS found insufficient technical information to recommend an enforcement
standard for PFPeA.

We did not identify sufficient technical information to recommend an enforcement standard for PFPeA
at this time. There are no federal numbers and no state drinking water standard for PFPeA. Additionally,
the EPA has not evaluated the carcinogenicity or
established an ADI (oral reference dose) for PFPeA. Basis for Enforcement Standard

O Federal Number

We did not find any critical studies evaluating the .
y g O Cancer Potential

toxicity of PFPeA in research animals. While a handful [ EPA Acceptable Daily Intake
of epidemiological studies have evaluated the risk of O Technical information
PFPeA, the results are inconsistent. There is limited e

evidence from human studies that PFPeA may impact thyroid hormones, but in vitro studies have not
supported that evidence.>®!” Available information from one cell culture study suggests that the toxic
potency of PFPeA is between that of perfluorobutanic acid (PFBA, four carbons) and perfluorohexanoic
acid (PFHxA, six carbons), but limited scientific information precludes us from combining PFPeA with
either chemical.*

DHS does not recommend a preventive action limit for PFPeA.

We did not identify sufficient technical information to recommend a preventive action limit for PFPeA at
this time.
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Appendix A. Toxicity Data

Table A-1. PFPeA Toxicity Studies from Literature Review

Study Type Species Duration Doses Endpoints Toxicity Value (mg/kg-d) Reference
(mg/kg-d)
Short-term Rats 1 week 0,323 Dietary, 0.02% No inhibition of gap-junctional NOAEL: 32.3 Upham et al., 2009
intercellular communications (18)

No increase in liver weight

NOAEL: No observed adverse effect level
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Table A-3. Critical Study Selection for PFPeA

Appropriate Effects consistent Effects relevant to Toxicity value
Reference duration? with other studies? humans? Number of Doses identifiable? Critical study?
Upham et al., 2009 © ) S 1 v No

To be considered a critical study, the study must be of an appropriate duration (at least 28 days or exposure during gestation), have identified effects that are consistent with
other studies and relevant for humans, have evaluated more than one dose, and have an identifiable toxicity value.
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Table A-3. PFPeA In Vitro Toxicity Studies from Literature Review

Species Cell Line Duration (hr) Other PFAS Key Findings Reference
evaluated
Human THLE-2 24 0.050-4 PFBA, PFHpA PFHxA, Perfluorocarboxylic acids increase in Rand, 2013 (%)
(liver epithelial) PFOA, PFNA, PFDA toxicity with increasing chain length;

PFPeA between PFBS and PFHxA
PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFDoA=perfluorododecanoic
acid, PFTriA=perfluorotetradecanoic acid, PFHxDA=perfluorohexadecanoic acid, PFHxS=perfluorohexane sulfonate, PFOS=perfluorooctane sulfonic acid,
PFDS=perfluorodecanesulfonate, PFBS=perfluorobutane sulfonate, PFBA=perfluorobutanoic acid, PFPeA=perfluoropentanoic acid, PFHxA=perfluorohexanoic acid,
PFHpA=perfluoroheptanoic acid, 6:2 FTSA=6:2 fluorotelomer sulfonates, NMeFOSAA=N-methyl perfluorooctanesulfonamidoacetate, EPAH=2-(N-ethyl-perfluorooctane

sulfonamido)acetate, MPAH=2-(N-methyl-perfluorooctane sulfonamido) acetate, PFSA=perfluorooctane sulfonamide; PFHpS=perfluoroheptane sulfonic acid; PFDS=

perfluorodecane sulfonic acid; EtPFOSAA= 2-(Nethyl-perfluorooctane sulfonamido) acetic acid
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Table A-4. PFPeA Epidemiological Studies from Literature Review

Study Type

Population

Time period

Exposure

Outcomes

Results

Other PFAS
Studied

Reference

Cross-
sectional

202 Chinese adults

2013-2014

Serum PFAS
concentrations

Serum thyroid
hormone levels

PFPeA was positively correlated with
TGAb and TMAb in all samples. Ina
subgroup with hyperthyroidism, PFPeA
was associated with a 1.2-8% decrease
in TSH.

PFOS, PFOA,
PFHXS, PFPrA,
PFBA, PFHXA

Li etal., 2017 ©®

Cross-
sectional

1605 highly exposed
Chinese adults

2015-2016

Serum PFAS
concentrations

Liver function
biomarkers

PFPeA was associated with elevated
odds of abnormal prealbumin levels
(OR =1.25,95% Cl: 1.07, 1.46)

PFBA, PFHxA,
PFHxS, PFNA,
PFDA, PFDS,

PFUNA, PFDOA,
PFTrA, PFTeA

Nian et al.,
2019 (19

Cohort

279 Korean mother-
daughter pairs

2006-2010

Cord blood
PFAS
concentrations

Thyroid hormone

levels

Serum PFPeA concentrations were
positively associated with T4
concentrations in adjusted analyses (B
=0.27,95% Cl: 0.04, 0.49).

PFOS, PFOA,
PFNA, PFDA,
PFDOA, PFTrA,
PFTeA, PFUNA,
PFHxS

Shah-Kulkarni
etal., 2016 ©

Cross-
sectional

103 male Chinese
adults

2012-2013

Blood and
semen PFAS
concentrations

Semen quality

PFPeA concentrations in semen were
negatively associated with progressive
motility (r = -0.344), but PFPeA
concentrations in blood were positively
associated with progressive motility (r =
0.235).

PFBA, PFHXA,

PFBS, PFHpA,

PFOA, PFHS,
PFOS

Song et al.,
2018 7"

coefficient

Epidemiologic terms: OR=0dds ratio; AOR=adjusted odds ratio; RR=relative risk; 95% Cl=95% confidence interval; r=Spearman correlation coefficient; B=regression

PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFDoA=perfluorododecanoic
acid, PFTriA=perfluorotetradecanoic acid, PFHxDA=perfluorohexadecanoic acid, PFHxS=perfluorohexane sulfonate, PFOS=perfluorooctane sulfonic acid,
PFDS=perfluorodecanesulfonate, PFBS=perfluorobutane sulfonate, PFBA=perfluorobutanoic acid, PFPeA=perfluoropentanoic acid, PFHxA=perfluorohexanoic acid,
PFHpA=perfluoroheptanoic acid, 6:2 FTSA=6:2 fluorotelomer sulfonates, NMeFOSAA=N-methyl perfluorooctanesulfonamidoacetate, EPAH=2-(N-ethyl-perfluorooctane
sulfonamido)acetate, MPAH=2-(N-methyl-perfluorooctane sulfonamido) acetate, PFSA=perfluorooctane sulfonamide; PFHpS=perfluoroheptane sulfonic acid; PFDS=
perfluorodecane sulfonic acid; EtPFOSAA= 2-(Nethyl-perfluorooctane sulfonamido) acetic acid
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PFHXxA | 2020

Substance Overview

Perfluorohexanoic acid® (PFHxA) is a chemical in a group of contaminants called per- and polyfluoroalkyl
substances (PFAS). Because of its chemical properties, PFHxA can be found as an impurity in stain
repellants in commercial products like carpet and fabric, as a coating for packaging, and in some fire-
fighting foams.»? PFHXA can persist in the environment for decades.?

Recommendations

Wisconsin does not currently have an NR140 Groundwater Current Standards

Quality Public Health Enforcement Standard for PFHxA. DHS

Enforcement Standard: N/A
recommends an enforcement standard of 150 micrograms Preventive Action Limit: N/A
per liter (ug/L) for PFHxA. The recommended standard is Year: N/A
based on a study that found that high levels of PFHxA
caused a number of health effects in rats after long-term Recommended Standards
exposure.? Enforcement Standard: 150 pg/L
DHS recommends that the preventive action limit for PFHxA ~ Preventive Action Limit: 30 pg/L

|
be set at 20% of the enforcement standard because PFHxA

has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive effects in people,
research animals, or cell culture.

Health Effects

At this time, very few studies have evaluated the effects of PFHxA in people.>*® The available studies
have found that PFHxA may be associated with decreased testosterone levels and downregulated
protective immune proteins in males.*”® Studies in research animals have shown that high levels of
PFHXA can impact development, alter thyroid hormone levels, affect the blood, cause kidney and liver

damage, and reduce survival.2*12

PFHxA has not been shown to cause carcinogenic (cancer), mutagenic (DNA damage), teratogenic (birth
defects), or interactive effects in people, research animals, or cell culture.! The EPA has not evaluated
the carcinogenicity of PFHxA.:

a This scientific support document and the included groundwater standard recommendations also apply to anion
salts of perfluorohexanoic acid.
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Chemical Profile

PFHxA
Structure:
FFRF O
g OH
F FFFF
CAS Number: 307-24-4
Formula: CeHF1:02
Molar Mass: 314.1 g/mol
Synonyms: Undecafluorohexanoic acid

2,2,3,3,4,4,5,5,6,6,6-undecafluoro-
hexanoic acid
Perfluoro-1-pentanecarboxylic acid
Undecafluorocaproic acid
Perfluoro-n-hexanoic acid

Exposure Routes

People can be exposed to PFHxA by drinking contaminated water, swallowing contaminated soil, eating
food that was packaged in material that contains PFHxA, and breathing in or swallowing dust that
contains PFHxA.!

In the environment, PFHXA can be found in water or soil as an impurity from the use of other PFAS in
manufacturing and consumer products.! It can also get into the water or soil from the use of fire-fighting
foam.'* PFHxA can move between groundwater and surface water. Once in groundwater, PFHxA can
travel long distances.!

Current Standard

Wisconsin does not currently have groundwater standards for PFHxA.»®
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Standard Development

Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: N/A
Oncogenic Potential

EPA Cancer Slope Factor: N/A

Guidance Values
None available

Literature Search

Literature Search Dates: 2000 -2019
Number of studies found®: Approximately 270
Key studies found? Yes

Critical studies identified? Yes

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level
The EPA does not have a maximum contaminant level for PFHxA.®
Health Advisory

The EPA has not established health advisories for PFHxA.Y

b We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: PFHxA or “perfluorohexanoic acid”

Subject area: toxicology

Language: English
We also searched online for toxicity studies published by national research programs.
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Drinking Water Concentration (Cancer Risk)

The EPA has not established a drinking water concentration based on a cancer risk level determination
for PFHxA.13

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.

NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for PFHxA.®

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, Ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Information System (IRIS) program.

EPA Oral Reference Dose

The EPA does not have an oral reference dose for PFHxA.*3

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, DHS must set the standard at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of PFHxA, we looked to see if the EPA, the International Agency for
Research on Cancer (IARC), or another agency has classified the cancer potential of PFHXA. If so, we look
to see if EPA or another agency has established a cancer slope factor.

Cancer Classification
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The EPA and International Agency for Research on Cancer (IARC) have not evaluated the carcinogenicity
of PFHxA.1319

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for PFHxA.:

Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For PFHxA, we searched for values that had been published on or before September 2019. While the
Agency for Toxic Substances and Disease Registry (ATSDR) reviewed the toxicity of PFHxA in 2018, they
did not establish any guidance values for PFHxA.» ¢

Literature Search

Our literature review focused on relevant scientific literature on the health effects of PFHxA published
on or before September 2019. We looked for studies related to PFHxA toxicity or effects on a disease
state in which information on exposure or dose was included as part of the study. Ideally, relevant
studies used in vivo (whole animal) models and provided data for multiple doses over an exposure
duration proportional to the lifetime of humans.

Approximately 270 toxicity studies were returned by the search engines. We excluded studies on non-
mammalian species or cell systems, non-oral exposure routes, and those that did not evaluate health
risks from further review. After applying these exclusion criteria, we located five key toxicity studies on
PFHxA (summarized in Table A-1). To be considered a critical toxicity study, the study must be of an
appropriate duration (at least 28 days or exposure during gestation), have identified effects that are
consistent with other studies and relevant for humans, have evaluated more than one dose, and have an

c ATSDR stated that they did not identify any intermediate-duration oral studies for PFHXS in their literature
review. While they located one chronic duration study, they did not establish a minimum risk level for PFHxA
because this study did not measure serum levels and a half-life for PFHxA in humans was not available.
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identifiable toxicity value.®® All of these studies met the criteria to be considered a critical toxicity study
(see Table A-2).

In our search, we also located a handful of epidemiology studies in our search (See Table A-3 for a
summary). While multiple potential exposure sources and the ability for other PFAS compounds to cause
similar health effects preclude using these data to establish a health-based value, such studies are
helpful in identifying the crucial effects and ensuring that the animal data used to establish the standard
is relevant to people.

Critical Toxicity Studies

To compare between results from recently found studies, we calculated an acceptable daily intake (ADI)
for each study/effect. The ADI is the estimated amount of PFHxA that a person can be exposed to every
day and not experience health impacts. Limited data suggest that the half-life of PFHXA in people is
much shorter (several months) than that of other PFAS (years for PFOS, PFOA, and PFHxS).2%?2 As such,
we calculated ADI by dividing a toxicity value from either a no-observed adverse effect level (NOAEL),
lowest observed adverse effect level (LOAEL), or benchmark dose (BMD) identified in a study by a factor
accounting for various sources of scientific uncertainty. " Uncertainty factors were included, as
appropriate, to account for differences between humans and animals, differences between healthy and
sensitive human populations, using data from short-term experiments to protect against effects from
long-term exposure, and using data where a health effect was observed to estimate the level that does
not cause an effect. To ensure appropriate protection, we have chosen to not use studies that have
significant uncertainty as the basis for the recommended enforcement standards.8 This approach is
consistent with that taken by EPA when establishing oral reference doses.?®

Chengelis et al., 2009

Chengelis et al. exposed male and female rats to different concentrations of PFHxA (0, 10, 50, and 200
miligrams of PFHxA per kilogram body weight per day or mg/kg-d) for 90 days through gavage.® PFHxA
affected growth and caused liver damage in males and altered some biochemistry parameters in males

d Appropriate toxicity values include the no observable adverse effect level (NOAEL), lowest observable adverse
effect level (LOAEL), and benchmark dose (BMD).?°

e Due to the limited availability of data for this substance, we considered a study to be of an appropriate duration
if animals were exposed for at least 28 days or if the exposure occurred during pregnancy. We accounted for
differences in exposure duration through the use of an uncertainty factor.

f The NOAEL is the highest dose tested that did not cause an adverse effect, the LOAEL is the lowest dose tested
that caused an adverse effect, and the BMD is an estimation of the dose that would cause a specific level of
response (typically 5 or 10%).

g DHS considers a study to have significant uncertainty if the total uncertainty factors is greater than 3,000.

PFHxA Cycle 11 114



and females (Table 1). In addition to these statistically significant effects, PFHxA also caused pathological
effects in the livers in males at 200 mg/kg-d.

Table 1. Statistically Significant Effects Observed in Chengelis et al., 2009
Dose (mg/kg-d)

Effects observed in males before recovery period 10 50 200 ‘
Kidney Elevated relative kidney weight v v v
Growth Reduced body weight * *
Blood Elevated platelet counts * *

*

Reduced red blood cell count
Reduced hemoglobin level
Reduced hematocrit level

*

*

Elevated reticulocyte counts
Biochemistry =~ Reduced cholesterol levels v
Reduced calcium levels v

Reduced total protein

Reduced globulin

Elevated alanine aminotransferase (ALT)

Elevated alkaline phosphatase (ALP)

Elevated peroxisomal B-oxidation activity
Liver Elevated relative liver weight

Elevated liver to brain weight

LIRS NI NI NI NN

*

Dose (mg/kg-d)

Effects observed in females before recovery period 10 50 200 ‘
Kidney Elevated relative kidney weight v

Blood Reduced red blood cell count *
Biochemistry Reduced globulin v

*The authors did not consider this effect to be adverse (see Chengelis et al., 2009 for more details).

From this study, we identified a LOAEL of 10 mg/kg-d based on elevated relative kidney weight at all
doses. We selected this value instead of the NOAEL identified by the authors because this effect was
observed in males at all doses. While data on this effect are limited, and some studies among people
have shown that other PFAS may impact kidney function.?®* We applied a total uncertainty factor of
3000 to account for differences between people and research animals (10), differences among people
(10), using data from a short-term study to protect from long-term effects (3), and the limited
availability of information (10). We obtained a candidate ADI of 0.0033 mg/kg-d.

lwai et al., 2019
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In in this study, lwai et al. re-evaluated the findings from a study that they published in 2014.1%%* In the

2014 study, they exposed pregnant mice to different concentrations of PFHXA during pregnancy

(gestational days 6 to 18) through gavage in two separate experiments.?* In the first experiment (Phase
1), animals were exposed to 0, 100, 350, and 500 mg/kg-d PFHXA. In the second experiment (Phase Il),

animals were exposed to 0, 7, 35, and 175 mg/kg-d PFHxA. In these experiments, PFHXA affected

offspring viability, development, and liver weight (Table 2). In the 2019 study, the authors evaluated the

statistically significant effects observed in 2014 to determine if they are related to PFHxA exposure and

should be considered adverse. In this evaluation, the authors considered these effects relative to pooled

controls from phases | and Il, historical controls from other studies at the same laboratory, and data

from the literature.

Effects in Phase |

Survival

Increased percent of dams with no stillbirths

Table 2. Statistically Significant Effects Observed in Iwai et al., 2014 (*%)
Dose (mg/kg-d)

100 350

500

Increased percent of dams with all pups dying on PND 0-
3

AN

Decreased percent of liveborn

Increased number of pups found dead on PND 0

Increased number of pups found dead on PNDs 1-4

Decreased viability on Day 4

Decreased viability on Day 7

Development

Decreased percent of pups meeting eye opening
criterion on PND 13

AN NN

Delayed eye opening (later criterion day)

Growth

Decreased pup weight per litter on PND 0

Reduced body weight gain in parental females on PNDs
0-4

RSN

AN

Reduced offspring male body weight at PND 21

Reduced offspring female body weight at PNDs 21, 28,
35

Reduced offspring female body weight at PND 41
(termination)

Liver

Survival

Effects in Phase Il

Decreased relative liver weight in offspring males

Decreased lactation index (number)

Dose (mg/kg-d)

7

*

35

v

175

Increased stillborn

Increased number of pups found dead on PND 0

PFHXA
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Growth Decreased pup weight per litter on PND O &
Development Decreased preputial separation e
*The authors did not consider this effect to be treatment-related or did not consider it adverse.

In their re-evaluation, the authors determined that the stillbirths reported in 2014 were unlikely to be
related to PFHxA exposure. They also determined that the effects on mortality at PND 0 are not adverse
because they did not occur in a dose-dependent manner and were not sustained throughout the
duration of the experiment. As such, the authors identified an unbounded NOAEL of 175 mg/kg-d
because they did not observe any statistically significant adverse effects related to PFHxA exposure at all
levels evaluated in Phase Il

While effects on body weight and body weight gain were observed in offspring at several time points,
these effects were not observed at the end of the exposure period and did not occur in a dose-
dependent manner. As such, we used the unbounded NOAEL and applied a total uncertainty factor of
1000 to account for differences between people and research animals (10), differences among people
(10), and the limited availability of information (10). We obtained a candidate ADI of 0.175 mg/kg-d.

Klaunig et al., 2015

Klaunig et al. exposed male and female rats to different concentrations of PFHxA (0, 10, 50, and 200
mg/kg-d) for two years through gavage.?® PFHxA caused clinical toxicity and altered some biochemistry
parameters in males and females and caused kidney damage in females (Table 3). In addition to these
statistically significant effects, PFHxXA also caused pathological effects in the kidneys in females at 200
mg/kg-d.

Table 3. Statistically Significant Effects Observed in Klaunig et al., 2015 (°)
Dose (mg/kg-d)
Effects in males 2.5 15 100
Biochemistry Increased phosphorus levels -
Decreased triglycerides* R
Decreased free fatty acid =
Increased sodium level
Urine Increased urine specific gravity v
Increased urobilinogen level v
Decreased urine pH
Clinical Abnormal lung sounds (rales)
Yellow material on body (ventral trunk, anogenital,
urogenital areas)

¥ ¥ ¥ %

*

ENIRN

Dose (mg/kg-d)

Effects in females 5 30 200

Biochemistry  Decreased red blood cell levels *
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Decreased hemoglobin levels

Increased reticuloctye level

Increased triglycerides

Decreased low density lipoprotein (LDL) and very low
density lipoprotein (VLDL)

¥ ¥ ¥ %

Abnormal lung sounds (rales)

Yellow material on body (ventral trunk, anogenital,

urogenital areas)

*The authors did not consider this effect to be treatment-related or did not consider it adverse.

Urine Increased urine specific gravity v
Increased urine total volume v

Clinical Decreased survival rate u
v

v

From this study, we identified a NOAEL of 15 mg/kg-d based on clinical toxicity effects in male rats at the
highest dose. We applied a total uncertainty factor of 1000 to account for differences between people
and research animals (10), differences among people (10), and the limited availability of information
(10). We obtained a candidate ADI of 0.015 mg/kg-d.

Loveless et al., 2009

Loveless et al. evaluated the subchronic, reproductive, and developmental toxicity of PFHXA in rats.! In
these experiments, they exposed male and female rats to different concentrations of PFHxA (0, 20, 100,
and 500 mg/kg-d) through gavage. Animals were exposed for 90 days in the subchronic study; for 126
days in the reproductive study which includes cohabitation, gestation, and lactation; and from gestation
days 6 to 22 during the developmental study.

Subchronic Study

In the subchronic study, PFHxA affected body weight, blood parameters, and the liver, kidneys, and
thyroid (Table 4A). In addition to these statistically significant effects, PFHxA also caused pathological
changes in the nose, liver, and thyroid. More specifically, PFHxA caused degeneration of the olfactory
epithelium and other changes to the nasal passage in males and females at doses of 100 and 500 mg/kg-
d; hepatocellular hypertrophy in males at 100 and 500 mg/kg-d and females at 500 mg/kg-d; and
hypertrophy of the thyroid follicular epithelium in males and females and 500 mg/kg-d.
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Table 4A. Significant Subchronic Effects Observed in Loveless et al., 2009 ()
Dose (mg/kg-d)

20 100 500

Effects in males
Growth Decreased body weight on days 42 to 105 v

Biochemistry  Decreased calcium *
Decreased sodium *
Increased potassium
Increased chloride *
Urine Increased volume
Decreased osmolality
Decreased protein
Increased fluoride
Blood Increased red blood cells
Decreased hemoglobin
Decreased hematocrit

Decreased mean corpuscular hemoglobin
concentration
Increased reticulocyte
Increased platelet
Increased neutrophils b .
Decreased eosinophils
Decreased basophils
Decreased activated partial prothrombin time & o
Kidney Increased relative kidney weight &
Decreased creatinine
Brain Increased relative brain weight
Spleen Decreased absolute spleen weight
Thymus Decreased absolute thymus weight
Reproduction Increased relative testes weight
Liver Increased absolute and relative liver weight

*

AR NN IS NN N

*

£ NN N N B B B B O 3

Increased peroxisomal B-oxidation activity
Increased aspartate aminotransferase (AST)
Increased alanine aminotransferase (ALT) o e
Decreased sorbitol dehydrogenase (SDH)

Increased alkaline phosphatase (ALP)

Decreased bilirubin -
Increased blood urea nitrogen (BUN) W

*

¥ ¥ ¥ ¥ ¥ 0*
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Decreased cholesterol .
Decreased total protein & v
Decreased globulin

Dose (mg/kg-d)

Effects in females 20 100 500
Urine Increased volume

Decreased protein
Increased fluoride
Blood Increased red blood cells
Decreased hemoglobin
Decreased hematocrit
Increased mean corpuscular volume
Increased mean corpuscular hemoglobin
Decreased mean corpuscular hemoglobin
concentration
Increased reticulocyte w
Increased platelets
Decreased prothrombin time
Kidney Increased relative kidney weight
Decreased creatinine
Thyroid Increased absolute thyroid gland weight v
Liver Increased absolute and relative liver weight
Increased peroxisomal B-oxidation activity w
Decreased bilirubin o w

* The authors did not consider this finding to be adverse, biologically meaningful, or related to PFHxA-treatment
(see Loveless et al., 2009 for more details).*

No*x % XX # x X X

* i O*¥| *:i *

*

From the subchronic study, the researchers identified a NOAEL of 20 mg/kg-d based on nasal lesions
observed at higher doses. We applied a total uncertainty factor of 3000 to account for differences
between people and research animals (10), differences among people (10), using data from a short-term
study to protect from long-term effects (3), and the limited availability of information (10). We obtained
a candidate ADI of 0.0067 mg/kg-d.

Reproductive Study

In the reproductive study, PFHxA affected body weight in parents and offspring and caused clinical
toxicity in parents (Table 4B). In addition to these statistically significant effects, PFHxA also caused
stained skin/fur in males and females at 500 mg/kg-d.

Table 4B. Significant Reproductive Effects Observed in Loveless et al., 2009 ()

Dose (mg/kg-d)
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Effects in parental males 20 100 500

Weight Reduced body weight gain v v
Reduced body weight gain in parental males v
Effects in parental females ‘
Weight Reduced body weight gain during the first v
week of pregnancy
Increased body weight gain during lactation v
Effects in offspring
Weight Reduced mean weight during lactation v

From the reproductive study, the researchers identified a parental NOAEL of 20 mg/kg-d based on
reduced body weight in males at higher doses. We applied a total uncertainty factor of 1000 to account
for differences between people and research animals (10), differences among people (10), and the
limited availability of information (10). We obtained a candidate ADI of 0.02 mg/kg-d.

Developmental Study

In the developmental study, PFHxA affected body weight in parental mothers Table 4C).

Table 4C. Significant Developmental Effects Observed in Loveless et al., 2009 (1)
Dose (mg/kg-d)

Effects in mothers 20 100 500
Weight Reduced total weight gain from GD 6 to 21 v
Reduced overall net weight gain v

From the developmental study, the researchers identified a parental NOAEL of 100 mg/kg-d based on
reduced maternal body weight at higher doses. We applied a total uncertainty factor of 1000 to account
for differences between people and research animals (10), differences among people (10), and the
limited availability of information (10). We obtained a candidate ADI of 0.1 mg/kg-d.

NTP, 2019

The National Toxicology Program (NTP) exposed male and female rats to different concentrations of
PFHXxA (0, 62.6, 125, 250, 500, or 1000 mg/kg-d) for 28 days through gavage.?® PFHxA affected thyroid
hormone levels in males, altered blood and biochemistry parameters in males and females, and caused
liver damage in males and females (Table 5).

Table 5. Statistically Significant Effects Observed in NTP, 2019 (2)
Dose (mg/kg-d)

Effects in males 62.6 125 250 500 1000
Thyroid Decreased triiodothyronine (T3) v v v v v
Decreased free and total thyroxine (T4) v v v v v
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Blood

Decreased hematocrit and hemoglobin v

Decreased erythrocytes v

Increased mean cell volume

Increased platelets

Increased reticulocytes

AN NI NN

Decreased mean cell hemoglobin volume

Biochemistry

Decreased cholesterol v

Increased total protein

Decreased globulin

AN

Decreased albumin

AN
AN

Increased albumin/globulin ratio

Increased ALT, ALP, and AST

AN

Increased sorbitol dehydrogenase

Increased bile salts/acids

Liver

Increased relative liver weight

Liver damage

Other

Blood

Damage to olfactory epithelium

Spleen damage

Increased relative kidney weight

AN
AURNENENAN

Decreased body weight at necropsy

Decreased sperm per cauda epididymis

Decreased hematocrit and hemoglobin

Doses (mg/kg-d)

Effects in females 62.6 125 250 500

AV NI NINIEN NN NI NI NN AN NN NI NI NN

[y
(=}
(=}
(=}

Decreased erythrocytes

Increased reticulocytes

Increased mean cell volume

Biochemistry

Increased AST and ALT

ANIRNIR NI NI

Decreased globulin

Increased albumin/globulin ratio

Decreased total protein

Increased ALP

Increased bile salts/acids

Liver

Increased relative liver weight

Liver damage

Other

Olfactory epithelium damage

v v

Increased relative kidney weight

DRI NERN R NN NN NI R NAR VAN BN

ALT = alanine aminotransferase; AST = aspartate aminotransferase; ALP = alkaline phosphatase

PFHXA
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From this study, we identified a LOAEL of 62.6 mg/kg-d based on effects on thyroid hormone levels and
blood parameters in males. We applied the a total uncertainty factor of 100,000 to account for
differences between people and research animals (10), differences among people (10), using a LOAEL
instead of a NOAEL (10), using data from a short-term study to protect from long-term effects (10), and
the limited availability of information (10). While we obtained a candidate ADI of 0.0006 mg/kg-d for
PFHxA from this study. However, this study was not used to establish the recommended enforcement
standard due to significant uncertainty.

Key Health Effects

In our literature review, we did not find any studies indicating that PFHxA can cause carcinogenic,
mutagenic, teratogenic, or interactive effects in people, research animals, or cell culture studies.

Discussion

PFHXA has been shown to impact development, alter thyroid hormone levels, affect the blood, and
cause liver damage in research animals. While studies on the effects of PFHxA in people are limited,
PFHXA has been shown to be associated with decreased testosterone levels in adolescent males,
decreased levels of CC16 (a protein involved in protecting the respiratory tract against inflammation),
and decreased bilirubin production.*® The effects of PFHxA are consistent with those observed with
other PFAS compounds, but generally occur at higher doses. These differences may be due to
differences in pharmacokinetics. The half-life of PFHXA in rodents is very short.?*?%2’ Unlike other PFAS,
this trend appears to be true for people as well. One study estimated the mean half-life in people to be
32 days and many exposure studies have detected little to no PFHxA in human blood/serum.?2 While
scientists are still learning how PFHxA and other PFAS causes toxicity, studies have shown that both

chain length and functional group can affect toxic potency.?*

Standard Selection

DHS recommends an enforcement standard of 150 pg/L for PFHxA.

There are no federal numbers and no state drinking Basis for Enforcement Standard
water standard for PFHxA. Additionally, the EPA has not O Federal Number
evaluated the carcinogenicity or established an ADI O Cancer Potential
(oral reference dose) for PFHxA. [0 EPA Acceptable Daily Intake
M Technical information
However, we found several studies eVaIUating the e

toxicity of PFHxA. To calculate the ADI as specified in Ch. 160.13, Wisc. Statute, DHS selected the 2015
study by Klaunig et al. as the critical study.® We selected this study because it evaluated long-term
effects on PFHxA on male and female animals and used a broad range of doses (2 to 200 mg/kg-d). From
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this study, we selected a NOAEL of 15 mg/kg-d because of clinical effects (rales and yellow material on
fur) observed in male rats at the highest dose. We applied a total uncertainty factor of 1000 to account
for differences between people and research animals (10), differences among people (10), and the
limited availability of information (10). To determine the recommended enforcement standard, DHS
used the ADI, and, as required by Ch. 160, Wis. Stats., a body weight of 10 kg, a water consumption rate
of 1 L/d, and a relative source contribution of 100%.

DHS recommends a preventive action limit of 30 ug/L for PFHxA.

DHS recommends that the preventive action limit for PFHxA be set at 20% of the enforcement standard
because PFHxA has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive effects
in people, research animals, or cell culture.

Prepared by Gavin Dehnert, Ph.D. and Sarah Yang, Ph.D.

Wisconsin Department of Health Services
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Appendix A. Toxicity Data
Table A-1. PFHxA Toxicity Studies from Literature Review

Study Type Species Duration Doses Key Findings Toxicity Value Reference
(mg/kg-d) (mg/kg-d)
Sub-chronic Rat 90d 0, 10, 50, 200 PFHxA Gavage Lower body weights (not dose-responsive) in NOAEL: 50 Chengelis et al.,
males at at 50 and 200 mg/kg-d. (males) 2009 (°)
Lower red blood cell parameters, higher LOAEL: 200
reticulocyte counts, and lower globulin at 200 (males)

mg/kg-d in males and females. Higher liver
enzymes in males at 50 and 200 mg/kg-d.
Lower total protein and higher albumin to
protein ratio, lower cholesterol and calcium
levels in males at 200 mg/kg-d. Liver effects
(centrilobular

hepatocellular hypertrophy, higher liver
weights) at 200 mg/kg-d in males.

Re-evaluation Mouse GD6to 18 Phase 1: NH4PFHx Gavage Compared results from 2014 study to pooled NOAEL: 175 Iwai et al., 2019
0, 100, 350, 500 and historical controls. Determined that effects LOAEL: not (29
Phase 2: on viability and growth were not reported
0,735,175 adverse/significant.

In the 2014 study, PFHxXA caused ortality,
excess salivation, and changes in body weight
occurred in mothers at 350 and 500 mg/kg-d. It
also increased stillbirths, reduction in viability
indices, and delays in physical development in
offspring at 350 and 500. At 175 mg/kg-d,
increased incidence of stillbirths, pup death
(PPD1) and reduced pup weights (PPD1) were

observed.
Subchronic Rat 90d 0, 20, 100, 500 NaPFHx Gavage PFHxA decreased body weight in males and NOAEL: 20 Loveless et al.,
reduced red blood cell counts, hemoglobin, LOAEL: 100 2009 (1)

and hematocrit values and increased platelets
in males and females at 500 mg/kg-d. PFHxA
increased liver weights in males at 100 and 500
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mg/kg-d and females at 500 mg/kg-d and
increased kidney weights in males and females
at 100 and 500 mg/kg-d. PFHXA caused
histological changes in the nose, liver, and
thyroid gland.

cholesterol levels at all doses and caused liver
damage in males at 500 and 1000 mg/kg-d.

In females, PFHxA decreased hematocrit,
hemoglobin, erythrocytes at levels of 250
mg/kg-d and higher. Other effects occurred at
the highest dose. See Table 4 for more details.

Reproduction Rat 126 d 0, 20, 100, 500 NaPFHx Gavage PFHXxA caused stained fur in males and females Parental Loveless et al.,
at 500 mg/kg-d. PFHxA reduced body weight in NOAEL: 20 2009 (1)
males at 100 and 500 mg/kg-d. PFHXA also LOAEL: 100
reduced mean maternal body weight gain Reproduction
during the first week of pregnancy and reduced NOAEL: 100
mean pup weight during lactation at 500 LOAEL: 500
mg/kg-d.
Development Rat 126 d 0, 20, 100, 500 NaPFHx Gavage PFHxA reduced maternal total weight gain Maternal Loveless et al.,
from GDs 6 to 21 and overall net weight gain NOAEL: 100 2009 (1)
and reduced food consumption at 500 mg/kg- LOAEL: 500
d.
Chronic Rat 2 years Males: PFHxA Gavage Dose-dependent decrease in survival in NOAEL: 100 Klaunig et al.,
0, 2.5, 15,100 females. Histological changes in kidneys of (males) 2015*
Females: females at 200 mg/kg-d. (3
0,5, 30,200
Sub-chronic Rat 28d 0, 62.6, 125, 250, PFHXA Gavage In males, PFHXA decreased thyroid hormone, LOAEL: 62.6 NTP, 2019 (1?)
500, 1000 hematocrit, hemoglobin, erythrocytes, and

i. PFHxA = perfluorohexanoic acid; NaPFHx = Sodium perfluorohexanoate; NH;PFHx = ammonium salt of perfluorohexanoic acid
ii. Animals were exposed for 70 days prior to cohabitation through gestation and lactation.

* Study was reviewed by ATSDR (%)

PFHxA
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Table A-2. Critical Study Selection for PFHxA

Appropriate Effects consistent Effects relevant to Toxicity value
Reference duration? with other studies? humans? Number of Doses identifiable? Critical study?
Chengelis et al., 2009 4 v v 3 v Yes
Iwai et al., 2019 v v v 6 v Yes

(over 2 phases)

Klaunig et al., 2015 v v v 3 v Yes

Loveless et al., 2009 v v v

v
(subchronic) . u

Loveless et al., 2009 v v v

v
(reproduction) 3 Yes

Loveless et al., 2009 v v v

v
(development) 3 =

NTP, 2019 v v v 5 4 Yes

To be considered a critical study, the study must be of an appropriate duration (at least 28 days or exposure during gestation), have identified effects that are consistent with
other studies and relevant for humans, have evaluated more than one dose, and have an identifiable toxicity value.
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Table A-3. PFHxA Epidemiological Studies from Literature Review

Study Type Population Exposure Outcomes Results Other PFAS Reference
Studied
Cross- 225 Taiwanese 2009- Serum PFAS levels Reproductive Among males, PFHxA was PFOS, PFOA, PFBS, Zhou, 2016 @
sectional 11-15 year olds 2010 hormone negatively associated with PFDA, PFDOA,
concentrations In(testosterone): (B = - 0.3095, PFHxA, PFHXS,
95%Cl: — 0.5942, - 0.0248) PFNA, PFTA
Cross- 43,996 adults > 18 2005- Serum PFAS levels Gilbert Syndrome (low After full adjustment, serum PFHxA, PFHXS, Fan, 2014 ¥
sectional years from C8 2006 bilirubin production) PFHxA concentrations remained PFOS, PFNA, PFDA,
Health Project, higher in the Gilbert Syndrome PFPeA, PFHpA,
mid-Ohio Valley phenotype population. PFOA, PFUNA,
PFDoA
Case- 231 Taiwanese 2009- Serum PFAS levels Clara cell secretory Urinary CC16 was significantly, PFOS, PFOA, PFBS, Zhou, 2017 )
control 10- to 15-year- 2010 protein (CC16, negatively associated with PFHxA PFDA, PFDOA,
olds respiratory tract (B =-0.310, 95% CI: -0.455, PFHxA, PFHXxS,
immune protein) -0.165) among asthmatic boys. PFNA, PFTA

Significant interaction effects
between asthma and PFHxA were
found

Epidemiologic terms: OR=0dds ratio; AOR=adjusted odds ratio; RR=relative risk; 95% CI=95% confidence interval; r=Spearman correlation coefficient; B=regression coefficient
PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFDoA=perfluorododecanoic
acid, PFTriA=perfluorotetradecanoic acid, PFHxDA=perfluorohexadecanoic acid, PFHxS=perfluorohexane sulfonate, PFOS=perfluorooctane sulfonic acid,
PFDS=perfluorodecanesulfonate, PFBS=perfluorobutane sulfonate, PFBA=perfluorobutanoic acid, PFPeA=perfluoropentanoic acid, PFHxA=perfluorohexanoic acid,
PFHpA=perfluoroheptanoic acid, 6:2 FTSA=6:2 fluorotelomer sulfonates, NMeFOSAA=N-methyl perfluorooctanesulfonamidoacetate, EPAH=2-(N-ethyl-perfluorooctane
sulfonamido)acetate, MPAH=2-(N-methyl-perfluorooctane sulfonamido) acetate, PFSA=perfluorooctane sulfonamide; PFHpS=perfluoroheptane sulfonic acid; PFDS=
perfluorodecane sulfonic acid; EtPFOSAA= 2-(Nethyl-perfluorooctane sulfonamido) acetic acid
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PFHpA | 2020

Substance Overview

Perfluoroheptanoic acid® (PFHpA) is a chemical in a group of contaminants called per- and
polyfluoroalkyl substances (PFAS). Because of its chemical properties, PFHpA can be found as an
impurity in stain repellants in commercial products like carpet and fabric and as a coating for packaging,
or as an ingredient in fire-fighting foam.»? PFHpA can persist in the environment for decades.!

Recommendations

Wisconsin does not currently have an NR140 Groundwater
Current Standards

Quality Public Health Enforcement Standard or Preventive

Enforcement Standard: N/A
Action Limit for PFHpA. Preventive Action Limit: N/A
DHS did not identify sufficient technical information to Year: N/A

recommend an enforcement standard or preventive action
limit for PFHpA.

Recommended Standards

Enforcement Standard: N/A
Health Effects Preventive Action Limit: N/A

|
Studies investigating the health effects of PFHpA are

limited. Data from in vitro studies suggest that the liver or thyroid may be targets of PFHpA toxicity.>*
One epidemiological study has demonstrated a limited association between PFHpA concentrations and
the risk of gestational diabetes, but supporting evidence for that association has not yet been observed.®

PFHpA has not been shown to cause carcinogenic (cancer), mutagenic (DNA damage), teratogenic (birth
defects), or interactive effects in people, research animals, or cell culture.® The EPA has not evaluated
the carcinogenicity of PFHpA.”

a This scientific support document also applies to anion salts of perfluoroheptanoic acid.
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Chemical Profile

Structure:

CAS Number: 375-85-9

Formula: C7HF130,

Molar Mass: 364.06 g/mol

Synonyms: perfluoro-n-heptanoic acid; tridecafluoro-

1-heptanoic acid; heptanoic acid,
2,2,3,3,4,4,5,5,6,6,7,7, 7-tridecafluoro-

Exposure Routes

People can be exposed to PFHpA by drinking contaminated water, swallowing contaminated soil, eating
food that was packaged in material that contains PFHpA, and breathing in or swallowing dust that
contains PFHpA.1?

In the environment, PFHpA can be found in water or soil as an impurity from the use of other PFAS in
manufacturing and consumer products.”> PFHpA can move between groundwater and surface water.
PFHpA has shown more affinity for surface water than groundwater.? Once in groundwater, PFHpA can
travel long distances.?

Current Standard

Wisconsin does not currently have a groundwater standard for PFHpA.8
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Standard Development

Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: N/A
Oncogenic Potential

EPA Cancer Slope Factor: N/A

Guidance Values
None available

Literature Search

Literature Search Dates: 1900 - 2019
Total studies evaluated: Approximately 200
Key studies found? No

Critical studies identified? No

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for PFHpA.°
Health Advisory

The EPA has not established health advisories for PFHpA.%®
Drinking Water Concentration (Cancer Risk)

The EPA has not established a drinking water concentration based on a cancer risk level determination
for PFHpA.’

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.
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NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for PFHpA.!

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Information System (IRIS) program.

EPA Oral Reference Dose

The EPA does not have an oral reference dose for PFHpA.’

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If DHS determines that something
is carcinogenic and there is no federal number or ADI from the EPA, the standard must be set at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of PFHpA, we looked to see if the EPA, the International Agency for
Research on Cancer (IARC), or another agency has classified the cancer potential of PFHpA. If so, we
looked to see if EPA or another agency has established a cancer slope factor.

Cancer Classification

The EPA and International Agency for Research on Cancer (IARC) have not evaluated the carcinogenicity
of PFHpA.”12

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for PFHpA.”
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Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For PFHpA, we searched for values that had been published on or before September 2019. While the
Agency for Toxic Substances and Disease Registry (ATSDR) reviewed the toxicity of PFHpA in 2018, they
did not establish any guidance values for PFHpA.*?

Literature Search

Our literature review focused on relevant scientific literature on the health effects of PFHpA published
on or before September 2019. We looked for studies related to PFHpA toxicity or effects on a disease
state in which information on exposure or dose was included as part of the study.¢ Ideally, relevant
studies used in vivo (whole animal) models and provided data for multiple doses over an exposure
duration proportional to the lifetime of humans.

Twelve toxicity studies were returned by the search engines. We excluded studies on non-mammalian or
cell systems, non-oral exposure routes, and those that did not evaluate health risks from further review.
After applying these exclusion criteria, we did not locate any key toxicity studies on PFHpA. We did
locate four in vitro studies evaluating the toxicity of PFHpA in mammalian cell lines (see Table A-1 for
details on these studies).

In our search, we also located four epidemiology studies (See Table A-2 for a summary). While multiple
potential exposure sources and the ability for other PFAS compounds to cause similar health effects
preclude using these data to establish a health-based value, such studies are helpful in identifying the
critical effects and ensuring that the animal data used to establish the standard is relevant to people.

b ATSDR stated that they did not identify any acute, intermediate, or chronic oral studies for PFHpA in their
literature review.
¢ We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: PFHpA or “perfluoroheptanoic acid” or “perfluoroheptanoate”

Subject area: toxicology

Language: English
We also searched online for toxicity studies published by national research programs.
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Critical toxicity studies

We did not identify any critical toxicity studies.

Key health effects

We did not find studies that suggest PFHpA has caused carcinogenic, mutagenic, teratogenic, or

interactive effects in people, research animals, or cell culture.

Standard Selection

DHS did not identify sufficient technical information to recommend an
enforcement standard for PFHpA.

The available health information on PFHpA is very Basis for Enforcement Standard

limited. There are no federal numbers and no state O Federal Number
drinking water standard for PFHpA. Additionally, the O Cancer Potential
EPA has not evaluated the carcinogenicity or LI EPA Acceptable Daily Intake

[ Technical information
|

established an ADI (oral reference dose) for PFHpA.
While a handful of epidemiological studies have evaluated the risk of PFHpA, the results are
inconsistent. For instance, one study found an association between elevated risk of gestational diabetes
among women with a family history of type 2 diabetes and plasma PFHpA levels,” but another study
investigating the association between diabetes and PFHpA was inconclusive.'® Additionally, we did not
find any critical studies evaluating the toxicity of PFHpA in research animals. Available information from
cell culture studies suggest that the toxic potency of PFHpA is between that of perfluorooctanoic acid
(PFOA, 8 carbons) and perfluorohexanoic acid (PFHxA, 6 carbons) (see Table A-2 for more details on
these studies). Likewise, limited data suggest that the half-life of PFHpA in people (1.2-1.5 years) is

)_14

between that of other perflurocarboxylic acids (2.3 years for PFOA; 1-3 months for PFHxA).** However,

the major differences of half-life and toxicity between PFHxA and PFOA and the relative difference of
PFHpA to both of those chemicals precludes us from combining PFHpA with either of those standards.

Due to limited scientific information available, we have concluded that there is insufficient evidence to
establish an enforcement standard for PFHpA at this time.

DHS does not recommend a preventive action limit for PFHpA.

Due to limited scientific information available, we have concluded that there is insufficient evidence to
establish a preventive action limit for PFHpA at this time.
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Appendix A. Toxicity Data

Table A-l. PFHPpA In vitro Toxicity Studies from Literature Review
Species Cell Line Duration Other PFAS evaluated

(hr)

Key Findings

Reference

PFDcA, PFUNnA, PFDoA, PFTdA,
PFBS, PFHxS, PFOS

potential of PFCAs after PFOA

Human HepG2 72 0.001-2 PFBA, PFHxA, PFOA, PFNA, PFCAs increase in toxicity with increasing Buhrke, 2013 ()
(liver carcinoma) PFDA, PFDoDA chain length; PFHpA between PFHxA and
PFOA. PFHpA not mutagenic in bacterial
tests
Human HCT116 4,24,72 0.001-5 PFHxA, PFOA, PFNA, PFDA, PFCAs increase in toxicity with increasing Kleszczynski, 2007
(colon cancer) PFDoDA, PFTeDA, PFHxDA, chain length; PFHpA between PFHxA and (18)
PFOCcDA PFOA
Rat IPC-81 44 0.002-20 PFHXA, PFOA, PFNA, PFDA PFHpA more toxic than PFHXA, less toxic Mulkiewicz, 2007
(leukemia) than PFOA, PFNA, PFDA (%9
Rat (9) 44 0.002-10 PFHxA, PFOA, PFNA, PFDA PFHpA more toxic than PFHXA, less toxic Mulkiewicz, 2007
(brain glial) than PFOA, PFNA, PFDA (29
Human THLE-2 24 0.050-4 PFBA, PFPeA, PFHXA, PFOA, PFCAs increase in toxicity with increasing Rand, 2013 (%)
(liver epithelial) PFNA, PFDA chain length; PFHpA between PFHxA and
PFOA
N/A TTR-binding assay 8 0.01-10 PFBA, PFHXA, PFOA, PFNA, PFHpA second highest TTR binding Weiss, 2009 (%)

In vitro terms: TTR = Human thyroid hormone transport protein transthyretin

perfluorodecane sulfonic acid; EtPFOSAA= 2-(Nethyl-perfluorooctane sulfonamido) acetic acid

PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFDoA=perfluorododecanoic
acid, PFTriA=perfluorotetradecanoic acid, PFHxDA=perfluorohexadecanoic acid, PFHxS=perfluorohexane sulfonate, PFOS=perfluorooctane sulfonic acid,
PFDS=perfluorodecanesulfonate, PFBS=perfluorobutane sulfonate, PFBA=perfluorobutanoic acid, PFPeA=perfluoropentanoic acid, PFHxA=perfluorohexanoic acid,
PFHpA=perfluoroheptanoic acid, 6:2 FTSA=6:2 fluorotelomer sulfonates, NMeFOSAA=N-methyl perfluorooctanesulfonamidoacetate, EPAH=2-(N-ethyl-perfluorooctane
sulfonamido)acetate, MPAH=2-(N-methyl-perfluorooctane sulfonamido) acetate, PFSA=perfluorooctane sulfonamide; PFHpS=perfluoroheptane sulfonic acid; PFDS=
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Table A-2. PFHpA Epidemiological Studies from Literature Review

Study Type Population Time period Exposure Outcomes Results Other PFAS Reference
Evaluated
Cohort 1,023 2002-2004 Serum PFAS levels at Child behavior No association between perfluoroheptanoic  PFHxS, PFNA, Hgyer,
Mother/Child median 25 weeks (SDQ-total) and acid (PFHpA) and behavior PFDA 2018 ()
Pairs from pregnant hyperactivity at
Greenland and 5-9 years
Ukraine
Case- 231 male farmers 1990-2009 Serum PFAS levels Coronary heart There was a significant association between  PFOA, PFOS, Mattsson,
control with CHD disease (CHD) PFHpA and CHD (OR=2.58; 95% Cl: 1.39, PFNA, PFDA, 2015 ('6)
4.78) for the 3rd quartile compared to the PFHxS,
lowest quartile. This association was PFUNDA,
attenuated in the 4™ quartile (OR = 1.73; PFDoDA
95% Cl: 0.94 - 3.16).
Cohort 2,292 18-40 year-  2009-2013 Plasma PFAS levels Gestational PFHpA was associated with a higher risk of N-MeFOSAA, Rahman,
old US women diabetes gestational diabetes among women with a PFDA, PFDoDA, 2019 (°)
family history of type 2 diabetes (RR =1.22,  PFDS, PFHXxS,
95% Cl: 1.12 - 1.34) and women with a PFNA, PFOA,
normal pre-pregnancy BMI (RR = 1.22, 95% PFOS, PFOSA,
Cl: 1.11-1.33). PFUnDA
Case- 157 20-45 year- 2014-2015 Plasma PFAS levels Endometriosis- Plasma concentrations of PFHpA were PFDoA, PFUnA, Wang,
control old Chinese related infertility  associated with lower odds of PFDA, PFNA, 2017 (V)
Women endometriosis-related infertility (OR =0.48,  PFOSA, PFOS,

95% Cl: 0.26 - 0.86). This finding was
attenuated in sensitivity analyses.

PFOA, PFHXS,
PFBS

Epidemiologic terms: OR=0dds ratio; AOR=adjusted odds ratio; RR=relative risk; 95% CI=95% confidence interval; r=Spearman correlation coefficient; B=regression coefficient

PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFDoA=perfluorododecanoic
acid, PFTriA=perfluorotetradecanoic acid, PFHxDA=perfluorohexadecanoic acid, PFHxS=perfluorohexane sulfonate, PFOS=perfluorooctane sulfonic acid,
PFDS=perfluorodecanesulfonate, PFBS=perfluorobutane sulfonate, PFBA=perfluorobutanoic acid, PFPeA=perfluoropentanoic acid, PFHxA=perfluorohexanoic acid,
PFHpA=perfluoroheptanoic acid, 6:2 FTSA=6:2 fluorotelomer sulfonates, NMeFOSAA=N-methyl perfluorooctanesulfonamidoacetate, EPAH=2-(N-ethyl-perfluorooctane
sulfonamido)acetate, MPAH=2-(N-methyl-perfluorooctane sulfonamido) acetate, PFSA=perfluorooctane sulfonamide; PFHpS=perfluoroheptane sulfonic acid; PFDS=
perfluorodecane sulfonic acid; EtPFOSAA= 2-(Nethyl-perfluorooctane sulfonamido) acetic acid

PFHpA
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PFNA | 2020

Substance Overview

Perfluorononanoic acid (PFNA) is a chemical in a group of contaminants called per- and polyfluoroalkyl
substances (PFAS).! PFAS are manmade chemicals that have been used in industry and consumer
products since the 1940s. Because of their unique physical and chemical properties, PFAS can be found
in a variety of commercial products such as paper and textile coatings, food packaging, surfactants,
repellants, and fire-fighting foams.>? PFAS with long carbon chains, like PFNA, cannot be easily broken
down and excreted from the body and they can persist in the environment and in the human body for
long periods of time.%?

Recommendations

Wisconsin does not currently have an NR140 Groundwater
Current Standards

Quality Public Health Enforcement Standard for PFNA. DHS

Enforcement Standard: N/A
recommends an enforcement standard of 30 nanograms Preventive Action Limit: N/A
per liter (ng/L) for PFNA. The recommended standard is Year: N/A
based on a study that found that PFNA can cause
reproductive effects in research animals.? Recommended Standards
DHS recommends that the preventive action limit for PENA Enforcement Standard: 30 ng/L
be set at 10% of the enforcement standard because PFNA Preventive Action Limit: 3 ng/L

has been shown to cause interactive effects in research

animals and humans.*?

Health Effects

Studies among people exposed to PFAS have shown that high levels of PFNA are associated with
increased serum lipids, particularly total cholesterol and low-density lipoprotein (LDL) cholesterol,
decreased antibody response to vaccines, and increased incidence of other immunological deficiencies,
such as wheezing and asthma.>?° Additional epidemiology studies among people have demonstrated
associations between PFNA and delayed physical and hormonal development.** Studies in research
animals have found that high levels of PFNA can alter thyroid hormones and impact fertility, and may
cause organ damage and impact body weight.>1>1®

We found limited information that PFNA may cause interactive effects in research animals. One study in
rats found that co-exposure to PFNA and a mixture of endocrine-disrupting chemicals increased levels of
several reproductive hormones over the levels seen in animals exposed to PFNA alone.? PFNA has not
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been shown to cause carcinogenic, mutagenic, or teratogenic effects.? The Environmental Protection
Agency (EPA) has not evaluated the carcinogenicity of PFNA.Y’

Chemical Profile

Structure:

CAS Number: 375-95-1

Formula: CoHF17,0;

Molar Mass: 464.08 g/mol
Synonymes: PFNA; perfluoro-n-nonanoic acid;

perfluorononan-1-oic acid; hepta-
decafluoro-nonanoic acid; nonanoic acid,
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-
heptadecafluoro-

Exposure Routes

People can be exposed to PFAS, including PFNA, by drinking contaminated water, swallowing
contaminated soil, eating fish from contaminated lakes, eating food that was packaged in material that
contains PFNA, and breathing in or swallowing dust that contains PFNA.'81° Babies born to mothers
exposed to PFAS, like PFNA, may be exposed to PFNA during pregnancy and breastfeeding.>2%%!

In the environment, PFNA can be found in water or soil as an impurity from the use of other PFAS in

manufacturing and consumer products and fire-fighting foam. PFNA can move between groundwater

and surface water. Once in groundwater, PFNA can travel long distances.>??

Current Standard

Wisconsin does not currently have groundwater standards for PENA.23

a Carcinogenic effects means the substance can cause cancer; mutagenic effects means the substance can cause
DNA damage; teratogenic means the substance can cause birth defects; and interactive effects mean the
substance can affect the toxicity of another substance or its toxicity can be affected by another substance.
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Standard Development

Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: N/A
Oncogenic Potential

EPA Cancer Slope Factor: N/A
Guidance Values

ATSDR Draft Oral Minimum Risk Level: 3 ng/kg-d (2018)

Literature Search

Literature Search Dates: 1900 - 2019

Total studies evaluated

Approximately 55

Key studies found? Yes
Critical studies identified? Yes

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for PFNA.*
Health Advisory

The EPA has not established health advisories for PFNA.?
Drinking Water Concentration (Cancer Risk)

The EPA has not established a drinking water concentration based on a cancer risk level determination
for PFNA.Y

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.
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NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for PFNA.%®

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Information System (IRIS) program.

EPA Oral Reference Dose

The EPA does not have an oral reference dose for PFNA.Y

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, DHS must set the standard at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of PFNA, we looked to see if the EPA, the International Agency for
Research on Cancer (IARC), or another agency has classified the cancer potential of PFNA. If so, we look
to see if EPA or another agency has established a cancer slope factor.

Cancer Classification

The EPA and International Agency for Research on Cancer (IARC) have not evaluated the carcinogenicity
of PFNA.Y727

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for PENA.Y
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Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For PFNA, we searched for values that had been published on or before October 2019. We found a
relevant guidance value from the Agency for Toxic Substances and Disease Registry (ATSDR), which
reviewed the toxicity of PFNA in 2018.}

ATSDR Intermediate Oral Minimum Reference Level

In 2018, the ATSDR established an intermediate oral minimum risk level (MRL) of 3 ng/kg-d for PFNA.!
The ATSDR evaluated three studies on PFNA toxicity in research animals: Wolf et al. (2010), Rogers et al.,
(2014), and Das et al., (2015) (see table A-1 for more detail on these studies). 31628

ATSDR selected the 2015 study by Das et al. as the critical study. In this study mice were exposed to
several concentrations of PFNA (0, 1, 3, 5, and 10 milligrams of PFNA per kilogram body weight per day
or mg/kg-d) during pregnancy (gestational days 1 to 17) via gavage. ATSDR identified a no observable
adverse effect level (NOAEL) of 1 mg/kg-d based on effects on development at higher doses. Due to
differences between rodents and humans, the ATSDR did not consider the observed liver effects to be
relevant to humans.? To account for differences in the half-life of PENA in people versus research
animals, the ATSDR estimated a human equivalent dose from measured serum concentrations in
animals using the trapezoid rule.®® To obtain the MRL, they used a human equivalent dose of 0.001
mg/kg-d and applied a total uncertainty factor of 300 to account for the differences between people and
research animals (3), differences among people (10), and the limited availability of data (10).

Literature Search

Our literature review focused on relevant scientific literature on the health effects of PFNA published on
or before August 2020. We looked for studies related to PFNA toxicity or effects on a disease state in
which information on exposure or dose was included as part of the study or studies related to modeling
PFNA exposure or dose using pharmacokinetics in animals or humans.© Ideally, relevant studies used in

b For more details on this determination, see Hall et al., 2012 and section 2.9 of ATSDR’s Toxicological Profile.' 24

¢ We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:
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vivo (whole animal) models and provided data for multiple doses over an exposure duration
proportional to the lifetime of humans.

Approximately 55 toxicity studies were returned by the search engines. We excluded studies on non-
mammalian or cell systems, non-oral exposure routes, and those that did not evaluate health risks from
further review. After applying these exclusion criteria, we located nine key toxicity studies on PFNA
(summarized in Table A-1). To be considered a critical toxicity study, the study must be of an appropriate
duration (at least 28 days or exposure during gestation), have identified effects that are consistent with
other studies and relevant for humans, have evaluated more than one dose, and have an identifiable
toxicity value.32®¢ Three of these studies met the criteria to be considered a critical toxicity study (see
Table A-2).

To be considered a critical pharmacokinetics study, the study must model oral exposure in humans or
rodents. One of the key studies met the criteria to be considered a critical pharmacokinetic study (the
section below has more details on these studies).

In our search, we also located over 90 epidemiology studies in our search (See Table A-3 for the most
relevant epidemiology studies not reviewed by the ATSDR). While multiple potential exposure sources
and the ability for other PFAS compounds to cause similar health effects preclude using these data to
establish a health-based value, such studies are helpful in identifying the crucial effects and ensuring
that the animal data used to establish the standard is relevant to people.

Critical Toxicity Studies

To compare between results from recently found studies and the study used to set the current
enforcement standard, we calculated an acceptable daily intake (ADI) for each study/effect. The ADI is
the estimated amount of PFNA that a person can be exposed to every day and not experience health
impacts. As such, we calculated ADI by dividing a toxicity value from either a no-observed adverse effect
level (NOAEL), lowest observed adverse effect level (LOAEL), or benchmark dose (BMD) identified in a
study by a factor accounting for various sources of scientific uncertainty.” Uncertainty factors were

Title/abstract: PFNA or “perfluorononanoic acid” or “perfluorononanoate” or 375-95-1

Subject area: toxicology

Language: English
We also searched online for toxicity studies published by national research programs.
d Appropriate toxicity values include the no observable adverse effect level (NOAEL), lowest observable adverse
effect level (LOAEL), and benchmark dose (BMD).
e Due to the limited availability of data for this substance, we considered a study to be of an appropriate duration
if animals were exposed for at least 28 days or if the exposure occurred during pregnancy. We accounted for
differences in exposure duration through the use of an uncertainty factor.
f The NOAEL is the highest dose tested that did not cause an adverse effect, the LOAEL is the lowest dose tested
that caused an adverse effect, and the BMD is an estimation of the dose that would cause a specific level of
response (typically 5 or 10%).
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included, as appropriate, to account for differences between humans and animals, differences between
healthy and sensitive human populations, using data from short-term experiments to protect against
effects from long-term exposure, and using data where a health effect was observed to estimate the
level that does not cause an effect. To ensure appropriate protection, we have chosen to not use studies
that have significant uncertainty as the basis for the recommended enforcement standards.2 This
approach is consistent with that taken by EPA when establishing oral reference doses.?!

Das et al., 2015

Das et al. exposed female mice to different concentrations of PFNA (1, 3, 5, or 10 milligrams of PFNA per
kilogram body weight per day or mg/kg-d) during pregnancy (gestational days 1-17) through gavage.?
Additional details of this study are described in the ATSDR Intermediate Oral Minimum Reference Level
(Draft) section above.

We identified a NOAEL of 1 mg/kg-d, as also identified by ATSDR, based on decreased weight gain and
developmental delays in the offspring. We obtained a human equivalent dose of 0.0011 mg/kg-d by
estimating the time-weight average serum concentration at the NOAEL, as also identified by ATSDR, and
applied an uncertainty factor of 300 to account for differences between people and research animals
(3), lack of information on sensitive subgroups (10), and the limited availability of information (10) as
also completed by ATSDR (see Table A-4). We obtained an ADI of 3 ng/kg-d for PFNA from this study.

Wolf et al., 2010

Wolf et al. exposed female mice to different concentrations of PFNA (0, 0.83, 1.1, 1.5, and 2.0 mg/kg-d)
during pregnancy (gestational days 1-18) through gavage.® PFNA decreased the number of live pups per
litter at 1.1 and 2.0 mg/kg-d and caused decreased weight gain at 2.0 mg/kg-d. PFNA also caused
decreased absolute and relative liver weight in offspring at all doses and in mothers at 1.1, 1.5, and 2.0
mg/kg-d. (Table 2).

Table 2. Statistically Significant Effects Observed in Wolf et al., 2010
Dose (mg/kg-d)

Effects observed in mothers 083 1.1 1.5 2.0
Reproduction Decreased number of live pups per litter v 4
Liver Decreased absolute and relative liver weight v 4 4
Dose (mg/kg-d)
Effects observed in offspring 083 1.1 1.5 2.0
Development Decreased pups with eyes open 4
Growth Decreased weight gain v
Liver Decreased absolute and relative liver weight v v v v

g DHS considers a study to have significant uncertainty if the total uncertainty factors is greater than 3,000.
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We identified a NOAEL of 0.83 mg/kg-d based on fewer live pups per litter at 1.1 and 2.0 mg/kg-d. The
researchers observed that the dose at 1.5 mg/kg-d did not reach statistical significance, despite survival
and the number of live pups at birth were still compromised. The authors confirmed that the dosing had
been done correctly, and proposed that this finding was due to natural biological variability. We
obtained a human equivalent dose by estimating the time-weight average serum concentration at the
NOAEL, and applied an uncertainty factor of 300 to account for differences between people and
research animals (3), differences among people (10), and the limited availability of information (10) (see
Table A-4). We obtained a candidate ADI of 3 ng/kg-d for PFHxXS from this study.

NTP, 2019

The National Toxicology Program (NTP) exposed male and female rats to different concentrations of
PFNA (males: 0, 0.625, 1.25, 2.5, 5, 10 mg/kg-d; females: 0, 1.56, 3.12, 6.25, 12.5, 25 mg/kg-d) through
gavage for 28 days.'® PFNA affected thyroid hormones, affected blood and biochemical parameters, and
caused liver damage in both males and females (Table 3 and Table 4).

Table 3. Statistically Significant Effects Observed in male rats.’
Dose (mg/kg-d)

Effects observed in males 0.625 1.25 2.5

Blood Decreased reticulocytes 4 4 4
Decreased mean cell volume
Increased mean cell hemoglobin
concentration

Decreased leukocytes
Decreased lymphocytes
Bone marrow cell decrease

Biochemistry Decreased total protein 4
Increased sorbitol dehydrogenase

Thyroid Decreased TSH
Decreased free & total thyroxine
Decreased testosterone
Increased relative thyroid gland weight

Liver Increased relative liver weight v
Liver damage v
Increased ALT, ALP
Increased AST
Decreased albumin
Decreased globulin 4
Increased albumin/globulin ratio v

AN RN NN

AN NN BN AN RN NN DN BN

ANANANANR NN RN
ANAN BN RN
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Increased total bilirubin v v
Increased direct bilirubin v v
Increased indirect bilirubin v
Decreased cholesterol v v
Decreased triglycerides 4 4 4
Increased bile salts/acids v v v
Increased urea nitrogen v v v
Decreased creatinine v
Decreased glucose v
Reproduction Decreased relative testis weight v
Decreased sperm per cauda v v
epididymis
Testes damage 4
Thymus Decreased relative thymus weight v v
Thymus atrophy v
Kidney Increased relative adrenal gland v
weight
Increased relative kidney weight 4 v v
Spleen Decreased relative spleen weight v v
Gastrointestinal tract Stomach damage 4

ALT = alanine aminotransferase; AST = aspartate aminotransferase; ALP = alkaline phosphatase; TSH =
thyroid stimulating hormone

Table 4. Statistically Significant Effects Observed in female rats.’®
Dose (mg/kg-d)

Effects observed in females 156 3.12 6.25 ‘
Biochemistry Increased urea nitrogen

Increased total protein

Increased sorbitol dehydrogenase
Thyroid Decreased free & total thyroxine
Liver Increased relative liver weight

Liver damage

Increased albumin

Decreased globulin

Increased albumin/globulin ratio

Increased direct bilirubin

Increased ALT & ALP

Increased bile salts/acids
Spleen Decreased relative spleen weight

ANAN
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Kidney Increased relative kidney weight 4 v v

Hormone Increased testosterone v v v
ALT = alanine aminotransferase; AST = aspartate aminotransferase; ALP = alkaline phosphatase; TSH =
thyroid stimulating hormone

From this study, we identified a LOAEL of 0.625 mg/kg-d based on changes to several biochemistry
parameters including increased urea nitrogen, decreased total protein and increased relative kidney
weight in males. We applied an uncertainty factor of 100,000 to account for differences between people
and research animals (10), differences among people (10), using a LOAEL instead of a NOAEL (10), using
data from a short-term study to protect from long-term effects (10), and the limited availability of
information (10). While we obtained a candidate ADI of 0.00625 ng/kg-d for PFHxS from this study, this
study was not used to establish to recommended enforcement standard due to significant uncertainty.

Critical Pharmacokinetic Studies

A physiologically-based pharmacokinetic (PBPK) model can be used to relate the amount of a chemical
exposure to the amount of a chemical found in different organs at different time points.3> PBPK models
are developed using mathematical values and equations that describe characteristics and processes of
the body, such as body weight, blood flow rate, and metabolism rate. The PBPK model uses a NOAEL
and known animal serum levels to estimate a human point of departure (PODuyman). PODuuyman is defined
as the point on a toxicological dose-response curve established from experimental data that
corresponds to an estimated no effect level. The PODuuman and PBPK models can be used to better
understand what animal toxicity data means for human health and PBPK models provide a critical link
between chemical toxicity and exposure information, as well as an important tool for using animal

experiments to inform evaluations of the health effects of chemicals on humans.3233

Kim et al., 2019

In 2019, Kim et al., published a study in which they developed a physiology-based pharmacokinetic
(PBPK) model to estimate PFNA serum levels in male and female rats from exposure to the NOAEL used
in Fang et al.323*

The researchers obtained a point of departure for humans (PODuuman) of 8.81 pg/kg-d for males and 8.89
ug/kg-d for females (Table 5). 32 We used a uncertainty factor of 1000 to account for differences among
people (10), using data from a short-term study to protect from long-term effects (10), and the limited
availability of data (10).32 We established candidate ADIs of 8 ng/kg-d for males and 9 ng/kg-d for
females.

Table 5. Toxicity parameters and ADIs from Kim et al. 2019.
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NOAEL Endpoint PODHuman Total ADI (ng/kg-d)

(mg/kg-d) (ng/kg-d) Uncertainty
Factor
Female 1 Liver toxicity* 8.89 1000** 9
Male 1 Liver toxicity* 8.81 1000** 8

* Toxicity endpoint from Fang et al.

** DHS selected a total uncertainty factor of 1000 to account for differences among people (10), use
of a shorter duration study to protect against effects from long-term exposure (10), and the limited
availability of data (10).

Key health effects

At this time, we did not find studies to show that PFNA has caused carcinogenic, mutagenic, or
teratogenic effects in humans, research animals, or culture cells. We found limited information that
PFNA may cause interactive effects in research animals.*

One study exposed male rats to different concentrations of PFNA (0, 0.0125, 0.25, 5 mg/kg-d), to a
mixture of endocrine-disrupting chemicals" (2.5 mg/kg-d), and to the combination of PFNA and the
mixture of chemicals (0.0125, 0.25, 5 mg/kg-d PFNA; 2.5 mg/kg-d mixture at all PFNA levels) via gavage
for 14 days.* PFNA and the mixture of chemicals increased a variety of hormone levels in a dose-
independent fashion as compared to PFNA alone or the mixture of chemicals alone. Specifically, PFNA
and the mixture of chemicals increased levels of androstenedione, testosterone, and dihydrotesterone
(reproductive hormones) over the levels seen in PFNA alone. This was supported at the molecular level
as PFNA and the mixture of chemicals increased the levels of proteins and enzymes related to these
reproductive hormones as compared to PFNA alone. Additionally, the mixture caused a 2.8-fold increase
in serum PFNA concentrations at the lowest dose, suggesting that interaction with different chemicals
may increase PFNA absorption into the body.*

Discussion

In research animals, PFNA has been shown to impact litter size and pup survival, weight gain, and
suppress immunologic impacts in people and research animals.! In our additional review, we also found
that PFNA can cause liver damage, modify a variety of circulating biochemical factors, decrease thyroid

hormones, and cause damage to other organs in people and research animals.>3>%7

Studies in research animals and people have shown that PFNA, as well as other PFAS, can affect the
levels of thyroid hormones.! Thyroid hormones are crucial for development, energy balance, and
metabolism in all species. * In people, thyroid hormones play an important role in the development of
the brain, lungs, and heart.3 Scientists have learned that certain PFAS, including PFNA, can bind to

h This mixtures including pesticides, plasticizers, preservatives, sun filters, and licorice and grapefruit constituents.
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transport proteins involved in moving thyroid hormones throughout the body.3° Scientists are still
learning how this effect occurs and its impact on health.

Other studies in humans have demonstrated associations between elevated PFNA blood levels and a
variety of immunologic responses, such as increased risk of upper and lower respiratory tract infections
and atopic dermatitis.»%?>%° An inverse association between PFNA concentrations and anti-rubella
antibodies has also been demonstrated.® Epidemiological studies have also demonstrated associations
between high maternal PFNA concentrations and modified physical and mental developmental
outcomes, though these associations have been mixed.??1441%> Many of these outcomes are consistent
with other effects seen in humans for other long-chain PFAS, such as PFOA.?

A number of studies have demonstrated that liver effects caused by PFNA, as well as other PFAS, occur
primarily through activation of the nuclear hormone receptor, PPARa (peroxisome proliferator-activated
receptor alpha).***’ Nuclear receptors regulate gene expression and PPARa regulates the expression of
genes involved in lipid and cholesterol metabolism.*®4” While PPARa receptors are found in rodents and
humans, levels of these receptors are much higher in rats and mice than in monkeys and humans.?®
Additionally, PFNA specifically was not shown to activate human PPARa.*® This suggests that effects
caused by activation of PPARa are more likely to occur in rodents than they are to occur in people. As
such, the effects on the liver observed in the critical studies reviewed here are likely not relevant to
humans. This conclusion is supported by the lack of associations between PFAS exposure and liver
disease in epidemiological studies (Table A-3).

Standard Selection

DHS recommends an enforcement standard of 30 ng/L for PFNA.

There are no federal numbers and no state drinking Basis for Enforcement Standard

water standard for PFNA. Additionally, the EPA has not O Federal Number
evaluated the carcinogenicity or established an ADI O Cancer Potential
(oral reference dose) for PFNA. However, we found LI EPA Acceptable Daily Intake

M Technical information
|

several critical toxicity and pharmacokinetic modeling
studies evaluating the toxicity of PFNA 311632

As such, DHS recommends using available scientific information to establish an ADI through the
procedures specified in Ch. 160, Wis. Stats. To establish the ADI, we used the 2015 study by Das et al. as
the critical study and effects on delayed reproductive development and offspring birth weight as the
critical effects. Toxicity studies in animals continue to show that developmental endpoints are critical
effects for PFAS, including PFNA, with effects occurring in offspring after exposure during pregnancy and
lactation. Additionally, epidemiology studies continue to associate maternal PFNA exposure to

PFNA Cycle 11 152



developmental problems in their babies, as PFNA has been shown to cross the placenta during

pregnancy. 1292

We obtained an ADI of 3 ng/kg-d from a human equivalent dose of 1000 ng/kg-d and a total uncertainty
factor of 300. To determine the recommended enforcement standard, DHS used the ADI, and, as
required by Ch. 160, Wis. Stats., a body weight of 10 kg, a water consumption rate of 1 L/d, and a
relative source contribution of 100%.

DHS recommends a preventive action limit of 3 ng/L for PFNA.

DHS recommends that the preventive action limit for PFNA be set at 10% of the enforcement standard
because PFNA has been shown to cause interactive effects in research animals and people.** At this
time, PFHxS has not been shown to cause carcinogenic, mutagenic, or teratogenic effects in people,
research animals, or cell culture studies.

Prepared by Gavin Dehnert, Ph.D., and Sarah Yang, Ph.D.

Wisconsin Department of Health Services
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Study Type

Species

Appendix A. Toxicity Data

Duration

Table A-1. PFNA Toxicity Studies from Literature Review

Doses

(mg/kg-d)

Significant Endpoints

Toxicity Value
(mg/kg-d)

Reference

Reproduction Mouse GD 1-17 0,1,3,5,10 Gavage PFNA decreased body weight gain, delayed eye opening, NOAEL: 1 Das, 2015
preputial separation, and vaginal opening at 3 mg/kg-d. LOAEL: 3 (3)%
PFDA decreased postnatal survival starting at 5 mg/kg-d.

Acute Mouse 14 d 0,1,3,5 Gavage PFNA decreased body weight and decreased absolute NOAEL: 1 Fang, 2008
and relative thymus weight lower starting at 3 mg/kg-d. LOAEL: 3 (48)
PFNA increased cell death in the thymus at 5 mg/kg-d.

Acute Rat 14d 0,0.2,1,5 Gavage PFNA decreased HDL starting at 0.2mg/kg-d, increased NOAEL: N/A Fang, 2012
glucose concentrations at 1 mg/kg-d, and altered LOAEL: 0.2 (34)
protein expression of genes related to glucose
metabolism at 5 mg/kg-d.

Acute Rat 7d 0,0.2,1,5 Gavage PFNA increased ALT levels in the liver and increased NOAEL: 0.2 Fang, 2015
concentrations of total cholesterol starting at 1 mg/kg-d LOAEL: 1 (49)
and increased liver lipid concentrations at 5 mg/kg-d.

Acute Rat 14 d 0,1,3,5 Gavage PFNA increased cell death in male testis starting at 3 NOAEL: 1 Feng, 2009
mg/kg-d. LOAEL: 3 (50)

Interactive Rat 14d 0,0.0125,0.25,5 Gavage PFNA mixed with multiple hormones increased kidney NOAEL: n/a Hadrup,
transport protein expression levels starting at 0.0125 LOAEL: 0.0125 20169
mg/kg-d.

Sub-chronic Rat 28 d Males: 0, 0.625, 1.25, 2.5, Gavage PFNA decreased thyroid levels starting at 1.25mg/kg-d in NOAEL: n/a NTP, 2019
5, 10; males and 3.12 mg/kg-d for females. PFNA impacted LOAEL: 0.625 (15)
Females: 0, 1.56, 3.12, reproductive endpoints starting at 1.25 mg/kg-d in
6.25,12.5, 25 males.
Reproduction Rat GD 1-20 0,5 Gavage PFNA decreased birth weight, increased blood pressure NOAEL: n/a Rogers,
at 10 weeks, and increased kidney damage at 5 mg/kg-d. LOAEL: 5 2014 (28)%

Acute Mouse 14 d 0,25 Gavage PFNA decreased testosterone and modified testicular NOAEL: n/a Singh, 2019
protein expression starting at 2 mg/kg-d and decreased LOAEL: 2 (37)
weight gain at 5 mg/kg-d.

Reproduction Mouse GD 1-18 0,0.83,1.1,15,2 Gavage PFNA decreased litter size and pup survival, and pup NOAEL: 0.83 Wolf, 2010
weight gain starting at 1.1 mg/kg-d. (16)%
* = Reviewed by ATSDR
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Table A-2. Critical Study Selection for PFNA

Appropriate Effects consistent Effects relevant to Toxicity value

Reference duration? with other studies? humans? Number of Doses identifiable? Critical study?
Das, 2015* v v 4 4 v Yes
Fang, 2008 N v v 3 v No
Fang, 2012 N v 4 3 v No
Fang, 2015 N v v 3 v No
Feng, 2009 N v 4 3 v No
Hadrup, 2016 N v v 3 S No
NTP, 2019 v v 4 5 4 Yes
Rogers, 2014* 4 v 4 1 v No
Singh, 2019 N v 4 2 v No
Wolf, 2010* v v v 4 v Yes

To be considered a critical study, the study must be of an appropriate duration (at least 28 days or exposure during gestation), have identified effects that are consistent with
other studies and relevant for humans, have evaluated more than one dose, and have an identifiable toxicity value.
* = Reviewed by ATSDR
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Table A-3. Recent PFNA Epidemiological Studies from Literature Review

Study Type Population Time period Exposure Outcomes Results Other PFAS Reference
Studied
Nested 445 adolescents 2012-2017 Maternal plasma PFAS Multiple puberty PFNA was associated with earlier age PFQOS, PFOA, Ernst et al.,
Cohort from the Danish concentrations indicators of puberty onset in girls (8.78 months PFHxS, PFHpS, 2019 (1
Puberty Cohort earlier, 95% Cl: 16.55, 1.02), and PFDA
higher age of puberty onset in boys
(4.45 months, 95% Cl: -1.3 to 10.21).
Nested 99 Norwegian 2007-2008 Maternal plasma PFAS Anti-vaccine Maternal PFNA concentrations were PFOS, PFOA, Granum et
Cohort pregnant women concentrations antibody levels, associated with a higher number of PFHxS al.,, 2013 @
& children common infectious episodes of common cold in the
disease, allergy- child’s first three years of birth, and
related outcomes were associated with lower anti-
vaccine antibodies against Rubella
Cross- 48 8-12y obese 2016 Serum PFAS Bone health, blood PFNA levels were associated with a PFOA, PFOS, Khalil et al.,
sectional children from concentrations lipids decreased bone health, raised blood PFHxS 2018 ©)
Ohio pressure, raised LDL, and raised total
cholesterol
Cohort 888 prediabetic 1996-2014 Plasma PFAS Blood lipids PFNA levels were significantly PFOS, PFOA, Linetal.,
adults concentrations associated with higher total PFHXxS, 2019
cholesterol and LDL. Likewise, the EtFOSAA,
prospective risk of MeFOSAA
hypercholesterolemia and
hypertriglyceridemia was significantly
elevated for higher PFNA levels
Cohort 638 Danish 2010-2014 Maternal serum PFAS Anogenital distance  PFNA was associated with a decreased PFOS, PFOA, Lind et al.,
children from concentrations in children anogenital distance in girls. PFHxS, PFDA 2017 2
Odense Child
Cohort
Cohort 2137 mother- 1996-2002 Maternal plasma PFAS Low birth weight, Maternal PFNA exposure was PFOA, PFOS, Meng et
infant pairs from concentrations preterm birth associated with lower birth weight (- PFHpS, PFDA al., 2018 43
Danish National 36.3 g per doubling of PFNA, 95% CI: -
Birth Cohort 70.6, -2) and elevated risk of preterm
birth (-1.0 days per doubling, 95% Cl: -
1.7,-0.3).
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Cohort 1002 Swedish 2001-2014 Plasma PFAS Liver function Higher PFNA levels were associated PFHpA, PFOA,  Salihovic et
adults > 70y concentrations with lower circulating bilirubin and PFDA, PFUNA, al.,, 2018 @
higher levels of ALT, ALP, and GGT, PFHXxS, PFOS,
indicating impact on liver function. PFOSA
Cohort 628 mother- 2009-2014 Maternal serum PFAS Child weight and The highest percentile concentrations PFOA, PFOS, Starling et
infant pairs from concentrations adiposity at birth of PFNA were associated with reduced PFDA, PFHxS al., 2017 4
Healthy Start birth weight (-92.1g, 95% Cl: -150.6, -
Cohort 33.6) and reduced offspring adiposity
(-0.85%, 95% Cl: -1.46, -0.24), as
compared to the lowest exposures.
Nested Case- 231 asthmatic 2009-2010 Serum PFAS Reproductive Among those with and without PFHXS, PFOS, Zhou et al.,
Control Taiwanese concentrations hormone levels and asthma, PFNA levels were associated PFOA, PFDA 2017a ®
adolescents (225 associated asthma with higher estradiol levels. PFNA was
control) also shown to interact with estradiol
levels and asthma differentially by sex
(e.g, OR for asthma among girls with
low estradiol = 0.82; OR for asthma
among girls with high estradiol = 4.16.
Cross- 950 Chinese 2013-2015 Plasma PFAS Menstrual cycle A log-unit increase in PFNA increased PFOA, PFOS, Zhou et al.,
sectional women of concentrations characteristics odds of irregular menstrual cycle by PFHxS, PFDA, 2017b 39

childbearing age

50% (95% Cl: 1.03,2.07), and a higher

PFNA concentration increased odds of

long menstrual cycle (OR = 1.49, 95%
Cl=1.05,2.11)

PFUNA, PFBS,
PFDOA, PFHpA,
PFOSA

Epidemiologic terms: OR=0dds ratio; AOR=adjusted odds ratio; RR=relative risk; 95% CI=95% confidence interval; r=Spearman correlation coefficient; B=regression coefficient

PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFDoA=perfluorododecanoic
acid, PFTriA=perfluorotetradecanoic acid, PFHxDA=perfluorohexadecanoic acid, PFHxS=perfluorohexane sulfonate, PFOS=perfluorooctane sulfonic acid,

PFDS=perfluorodecanesulfonate, PFBS=perfluorobutane sulfonate, PFBA=perfluorobutanoic acid, PFPeA=perfluoropentanoic acid, PFHxA=perfluorohexanoic acid,

PFHpA=perfluoroheptanoic acid, 6:2 FTSA=6:2 fluorotelomer sulfonates, NMeFOSAA=N-methyl perfluorooctanesulfonamidoacetate, EPAH=2-(N-ethyl-perfluorooctane

sulfonamido)acetate, MPAH=2-(N-methyl-perfluorooctane sulfonamido) acetate, PFSA=perfluorooctane sulfonamide; PFHpS=perfluoroheptane sulfonic acid; PFDS=
perfluorodecane sulfonic acid; EtPFOSAA= 2-(Nethyl-perfluorooctane sulfonamido) acetic acid

PFNA
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Table A-4. PFNA Estimated Acceptable Daily Intakes (ADIs) for the Identified Critical Toxicity Studies

Reference Toxicity Value Measured serum Area under the Time-weight Human Total ADI
(mg/kg-d) concentration at curve average serum equivalent Uncertainty (ng/kg-d)
toxicity value concentration dose Factor
(ng/L) (ng/L) (mg/kg-d)
Das, 2015 1 13.67 61.58 6.84 0.0011 300 3
Wolf, 2010 0.83 8.91 98.25 4.47 0.0007 300 3
NTP, 2019 0.625 56.73 794.98 28.39 0.0044 3000 2

GD = gestation day; PND = postnatal day; ADI = acceptable daily intake
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Appendix B. Calculation of Human Equivalent Dose
To calculate the human equivalent dose for PFNA, we followed a three-step process.

1. We first calculated the area under the curve at the selected toxicity value using the trapezoid rule.

Concentration 2

Concentration 1 ®
®

Measured

Serum

Concentration

Area 2
Area 1
Time 1 Time 2

Exposure Duration

In this mathematical approach, the area under the curve is divided into one or more trapezoids and area of each

trapezoid is calculated (Equation B-1).

. h
Equation B-1 Area = z(p+q)
Where:
h= The difference in time between the data points.
gq= Measured serum concentration at first time point
p= Measured serum concentration at second time point

The areas of all of the trapezoids are summed to give the area under the curve (Equation B-2).

Equation B-2 AUC =Area +Area,+... + Area,

2. We then calculated the time-weight average serum concentration as a surrogate for the steady-state serum

concentration (Equation B-3).

. AUC
Equation B-3 TWA= —
ED
Where:
AUC = The difference in time between the data points.
ED = Exposure duration (days)
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3. Finally, we calculated the human equivalent dose (HED) by accounting for the long half-life in people.

TWA x Itn_2 xVy
HED= 2
AF
Where:

tyn = half-life in days®

We selected a half-life of 3 years to consistent with other

studies °?
Vg = Volume of distribution®

While data on the V4 of PFHXS in people are not available,
one study has estimated V4 for nonhuman primates.>?
Because the critical effect that we identified occurred in
male animals, we used the V4 for male nonhuman primates
(0.287 L/kg).
AF = Gastrointestinal absorption fraction.!!

Data on the AF of PFHxS in people are not available. A few
studies have estimated AF in research animals.>>%3 Because
PFHxS has been shown to be completely bioavailable in
some of these studies, we used an AF of 1.

These values were also used by ATSDR in establishing their draft

intermediate oral minimum risk level.?

9 The half-life is a measure of elimination rate. The longer the half-life, the longer it takes a chemical to be removed from the body.
10 The volume of distribution is the theoretical volume needed to contain the amount of the chemical administered at the
measured serum concentration.

11 The gastrointestinal absorption factor accounts for the bioavailability of the chemical after oral exposure. In other words, it is a
measure how much of the chemical is available to cause harm within the body.
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PFDA | 2020

Substance Overview

Perfluorodecanoic acid (PFDA)? is a chemical in a group of contaminants called per- and polyfluoroalkyl
substances (PFAS). PFAS are manmade chemicals that have been used in industry and consumer
products since the 1940s. Because of their unique physical and chemical properties, PFAS can be found
in a variety of commercial products such as paper and textile coatings, food packaging, surfactants,
repellants, and fire-fighting foams.>2 PFDA is highly stable and therefore can persist in the environment
for decades.!

Recommendations

Wisconsin does not currently have an NR 140 Groundwater e —

) ) Current Standards
Quality Public Health Enforcement Standard for PFDA. DHS

Enforcement Standard: N/A

recommends an enforcement standard of 300 nanograms . . -

) ] Preventive Action Limit: N/A
per liter (ng/L) for PFDA. The recommended standard is Year: N/A
based on a study that found PFDA exposure during
pregnancy decreased fetal weight at birth in mice.? Recommended Standards
DHS recommends that the preventive action limit for PFDA Enforcement Standard: 300 ng/L
be set at 10% of the enforcement standard because it has Preventive Action Limit: 30 ng/L

been shown to have carcinogenic and mutagenic effects in
people, research animals, and cell culture assays.*®

Health Effects

Studies among people exposed to high levels of PFAS have shown that PFDA is associated with a
decrease in fetal body weight, a decrease in child growth parameters, an increase in thyroid hormone
levels, an increase in cholesterol levels, a decreased antibody response to vaccines, and may affect
sperm.>®1021 Stydies in research animals have found that high levels of PFDA can contribute to an
increase in fetal mortality, a decrease in fetal weight gain, a decrease in body weight gain, altered
immune cell populations, increased thyroid hormone levels, altered cholesterol levels, and can cause

liver damage.137.22:28

a This scientific support document and the included groundwater standard recommendations also apply to the
anion salt of perfluorodecanoic acid (PFDA).
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Limited information is available about the carcinogenic, mutagenic, teratogenic, and interactive effects
of PFDA.P ! The United States Environmental Protection Agency (EPA) and the International Agency for
Research on Cancer (IRAC) have not assessed the carcinogenicity of PFDA. However, some studies have
shown carcinogenic and mutagenic effects of PFDA in people, research animals, and cell culture
assays.®>293% Additionally, limited research suggests PFDA may have interactive effects with endocrine
disrupting chemicals in research animals and humans.*’ PFDA has not been shown to have teratogenic
effects in humans, research animals, and cell culture assays.

Chemical Profile

Perfluorodecanoic acid

Structure: F F F F F F F F O
F

- OH

F FFFFF FF F

CAS Number: 335-76-2

Formula: C10HF150,

Molar Mass: 514.09 g/mol
Synonyms: Nonadecafluorodecanoic acid

Decanoic acid, 2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-
nonadecafluoro-
Perfluoro-1-nonanecarboxylic acid
Perfluorocapric acid

Exposure Routes

People can be exposed to PFDA by drinking contaminated water, swallowing contaminated soil, eating
fish from contaminated lakes, eating food that was packaged in material that contains PFDA, and
breathing in or swallowing dust that contains PFDA.3133 Babies born to mothers exposed to PFDA can

themselves be exposed to PFDA during pregnancy and breastfeeding.343°

In the environment, PFDA can be found in water or soil as an impurity from the use of other PFAS in
manufacturing and consumer products and fire-fighting foam. PFDA can move between groundwater
and surface water. Once in groundwater, PFDA can travel long distances.!

b Carcinogenic effects means the substance can cause cancer; mutagenic effects means the substance can cause
DNA damage; teratogenic means the substance can cause birth defects; and interactive effects mean the
substance can affect the toxicity of another substance or its toxicity can be affected by another substance.
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Current Standard

Wisconsin does not currently have groundwater standards for PFDA.3¢

Standard Development

Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: N/A
Oncogenic Potential

EPA Cancer Slope Factor: N/A
Guidance Values

ATSDR Oral Minimum Risk Level: N/A

Literature Search

Literature Search Dates: 1900 - 2020

Total studies evaluated: Approximately 175

Key studies found? Yes

Critical studies identified? Yes

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for PFDA.?’
Health Advisory

The EPA has not established health advisories for PFDA.3®
Drinking Water Concentration (Cancer Risk)

The EPA has not established drinking water concentration based on a cancer risk level determination for
PFDA.*
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State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.

NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for PFDA.*°

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Information System (IRIS) program.

EPA Oral Reference Dose

The EPA does not have an oral reference dose for PFDA.°

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, DHS must set the standard at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of PFDA, we looked to see if the EPA, the International Agency for
Research on Cancer (IARC), or another agency has classified the cancer potential of PFDA. If so, we look
to see if EPA or another agency has established a cancer slope factor.

Cancer Classification

The EPA and International Agency for Research on Cancer (IARC) have not evaluated the carcinogenicity
of PFDA 3941

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for PFDA.°
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Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For PFDA, we searched for values that had been published on or before February 2020.? While the
Agency for Toxic Substances and Disease Registry (ATSDR) reviewed the toxicity of PFDA in 2018, they
did not establish any guidance values for PFDA.!

Literature Search

Our literature review focused on relevant scientific literature on the health effects of PFDA published on
or before February 2020. We looked for studies related to PFDA toxicity or effects on a disease state in
which information on exposure or dose was included as part of the study or studies related to modeling
PFOA exposure or dose using pharmacokinetics in animals or humans.€ Ideally, relevant studies used in
vivo (whole animal) models and provided data for multiple doses over an exposure duration
proportional to the lifetime of humans.

Approximately 175 toxicity studies were returned by the search engines. We excluded studies on non-
mammalian or cell systems, non-oral exposure routes, and those that did not evaluate health risks from
further review. After applying these exclusion criteria, we located 12 key toxicity studies on PFDA
(summarized in Table A-1). To be considered a critical toxicity study, the study must be of an appropriate
duration (at least 28 days or exposure during gestation), have identified effects that are consistent with
other studies and relevant for humans, have evaluated more than one dose, and have an identifiable

¢ We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: “PFDA” or “PFDeA” or “Perfluorodecanoic acid”

Subject area: N/A

Language: English
We also searched online for toxicity studies published by national research programs.
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toxicity value.®® Two of these studies met the criteria to be considered a critical toxicity study (see Table
A-2).

To be considered a critical pharmacokinetics study, the study must model oral exposure in humans or
rodents. One of the key studies met the criteria to be considered a critical pharmacokinetic study (the
section below has more details on these studies).

In our search, we also located epidemiology studies in our search (See Table A-3 for a summary). While
multiple potential exposure sources and the ability for other PFAS compounds to cause similar health
effects preclude using these data to establish a health-based value, such studies are helpful in
identifying the crucial effects and ensuring that the animal data used to establish the standard is
relevant to people.

Critical Toxicity Studies

To compare between results from recently found studies and the study used to set the current
enforcement standard, we calculated an acceptable daily intake (ADI) for each study/effect. The ADI is
the estimated amount of PFDA that a person can be exposed to every day and not experience health
impacts. As such, we calculated the ADI by dividing a toxicity value from either a no-observed adverse
effect level (NOAEL), lowest observed adverse effect level (LOAEL), or benchmark dose (BMD) identified
in a study by a factor accounting for various sources of scientific uncertainty.f Uncertainty factors were
included, as appropriate, to account for differences between humans and animals, differences between
healthy and sensitive human populations, using data from short-term experiments to protect against
effects from long-term exposure, and using data where a health effect was observed to estimate the
level that does not cause an effect. To ensure appropriate protection, we have chosen to not use studies
that have significant uncertainty as the basis for the recommended enforcement standards.2 This
approach is consistent with that taken by EPA when establishing oral reference doses.*?

Harris and Birnbaum, 1989

d Appropriate toxicity values include the no observable adverse effect level (NOAEL), lowest observable adverse
effect level (LOAEL), and benchmark dose (BMD).

e Due to the limited availability of data for this substance, we considered a study to be of an appropriate duration
if animals were exposed for at least 28 days or if the exposure occurred during pregnancy. We accounted for
differences in exposure duration through the use of an uncertainty factor.

f The NOAEL is the highest dose tested that did not cause an adverse effect, the LOAEL is the lowest dose tested
that caused an adverse effect, and the BMD is an estimation of the dose that would cause a specific level of
response (typically 5 or 10%).

g DHS considers a study to have significant uncertainty if the total uncertainty factors is greater than 3,000.
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Harris and Birnbaum exposed female mice over different gestational periods to different concentrations
of PFDA in two separate experiments. Harris and Birnbaum exposed female mice to different
concentrations of PFDA in two separate experiments.? In the first experiment, they exposed mice to 0,
0.25,0.5,1, 2, 4, 8, 16, and 32 milligrams of PFDA per kilogram body weight per day or mg/kg-d) through
gavage for gestational days 10 to 13. They found that PFDA decreased maternal body weight, decreased
fetal body weight, and increased absolute and relative maternal liver weights (Table 1A).

Table 1A. Statistically Significant Effects Observed After Exposure from Gestation Days 10-13
in Harris and Birnbaum, 1989

Dose o [ke-d

0 0 4 8 6
Growth  Lower maternal body weight net gain v v
Lower fetal body weight A A A
Liver Higher maternal absolute liver weight v v v v v v
Higher maternal relative liver weight v v v v 4 v v

From this experiment, we identified a no-observed-adverse-effect-concentration (NOAEL) of 0.25
mg/kg-d based on effects on fetal body weight at higher doses. We estimate a candidate ADI of 250
nanograms of PFDA per kilogram body weight per day or ng/kg-d based on this NOAEL and a total
uncertainty factor of 1000 to account for differences between people and research animals (10),
difference among people (10), and the limited availability of information (10).

In the second experiment, the researchers exposed female mice to 0, 0.03,0.3, 1, 3, 6.4, and 12.8
mg/kg-d PFDA through gavage for gestational days 6 to 15. They found that PFDA increased fetal
mortality, decreased fetal body weight, decreased maternal body weight, and increased absolute and
relative maternal liver weights (Table 1B).

Table 1B. Statistically Significant Effects Observed After Exposure from Gestation Days 6-15
in Harris and Birnbaum, 1989

Dose (mg/kg-d)

0.03 0.1 0.3 1 3

Survival  Decreased fetal survival
Percentage resorptions per liter

ANIENIENANEENEN N

Growth  Lower maternal body weight net gain v
Lower fetal body weight v v v v v

Liver Higher maternal absolute liver weight v v v
v v v

Higher maternal relative liver weight

From this experiment, we identified a NOAEL of 0.03 mg/kg-d based on effects on fetal body weight at
higher doses. We estimate a candidate ADI of 30 ng/kg-d PFDA from this study based on the NOAEL and
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a total uncertainty factor of 1000 to account for differences between people and research animals (10),
difference among people (10), and the limited availability of information (10).

Frawley et al., 2018

Frawley et al. exposed female rats and female mice to different concentrations of PFDA in two separate
experiments.® In the first experiment, the researchers exposed female rats to different concentrations
of PFDA (0, 0.125, 0.25, 0.5, 1, and 2 mg/kg-d) through gavage for 28 days. They found that PFDA
decreased body weight, increased thymus weight, increased immune system activity in the thymus,
increased kidney weight, and increased liver weight (Table 2A). They also found PFDA induced
histological changes in liver cells.

Table 2A. Statistically Significant Effects Observed Female Rats in Frawley et al., 2018
Dose (mg/kg-d)

Effects in rats 0.125 0.25 0.5 1 2

Growth Decreased body weight v v

Liver Increased liver weight v v v N/A N/A

Thymus Increased thymus weight v v N/A  N/A
Increase immune activity in the T N/A N/A
thymus

Kidney Increased kidney weight v v N/A N/A

Blood Decreased mean corpuscular & w N/A N/A
hemoglobin concentrations

*The authors did not consider this finding to be adverse, biologically meaningful, or related to PFDA treatment (see
Frawley et al., 2018 for more details). N/A — Authors indicated that rats which received 1 or 2 mg PFDA/kg-d were
excluded from further evaluation due to adverse clinical observations in accordance with NTP laboratory Animal
Management guidelines (see Frawley et al., 2018 for more details).

From this experiment, we identified a lowest-observable-adverse-effect-level (LOAEL) of 0.125 mg/kg-d
based on effects on thymus and liver weights at higher doses. We estimate a candidate ADI of 1.25
ng/kg-d PFDA from this study based on the LOAEL and a total uncertainty factor of 100,000 to account
for differences between people and research animals (10), difference among people (10), study duration
(10), LOAEL (10), and the limited availability of information (10). While we obtained a candidate ADI for
PFDA from this study, this study was not used to establish a recommended enforcement standard due
to significant uncertainty.

In the second experiment, Frawley et al. exposed female mice to different concentrations of PFDA (O,
0.05, 0.09, 0.18, 0.36, and 0.71 mg/kg-d) through gavage for 28 days. They found that PFDA decreased
body weight, increased liver weight, and decreased spleen weight. Additionally, the researchers found
PFDA decreased the numbers of certain spleen cells indicating immunotoxicity potential (decreased
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total spleen numbers, b-cells, t-cells, helper-t-cells, cytotoxic t-cells, immature t-cells, natural killer cells,
and macrophage cells) (Table 2B).

Table 2B. Statistically Significant Effects Observed in Frawley et al., 2018

Dose (mg/kg-d)

Effects observed in female mice 0.05 0.09 0.18 0.36 0.71
Growth  Decreased body weight gain

Liver Increased liver weight v v v

Spleen Decreased spleen weight v v

Decreased total number of Spleen cells
Decrease number of Ig* B-cells

AN NI NI NN N NI NI NN

Decrease number of CD3* T-cells v v
Decrease number of CD4*CD8" Helper T-cells v v
Decrease number of CD4'CD8* Cytotoxic T-cells v v v
Decrease number of CD4*CD8" Immature T-cells

Decrease number of Nk1.1* CD3" Natural Killer cell v
Decrease number of Mac3* macrophage v v v

From this experiment, we identified a NOAEL of 0.09 mg/kg-d based on decreased number of
macrophage and cytotoxic t-cells in the spleen and increased liver weight at higher doses. We estimate a
candidate ADI of 9 ng/kg-d PFDA from this study based on the NOAEL and a total uncertainty factor of
10,000 to account for differences between people and research animals (10), difference among people
(10), study duration (10), and the limited availability of information (10). While we obtained a candidate
ADI for PFDA from this study, this study was not used to establish a recommended enforcement
standard due to significant uncertainty.

Critical Pharmacokinetic Studies

A physiologically-based pharmacokinetic (PBPK) model can be used to relate the amount of a chemical

exposure to the amount of a chemical found in different organs at different time points.***

PBPK models are developed using mathematical values and equations that describe characteristics and
processes of the body, such as body weight, blood flow rate, and metabolism rate. The PBPK model uses
a NOAEL and known rat serum levels to estimate a human point of departure (PODuuman). PODuuman is
defined as the point on a toxicological dose-response curve established from experimental data that
corresponds to an estimated no effect level. The PODuuman and PBPK models can be used to better
understand what animal toxicity data mean for human health and PBPK models can provide a critical link
between chemical toxicity and exposure information, as well as an important tool for using animal
experiments to inform evaluations of the health effects of chemicals on humans.*

Kim et al., 2019
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In 2019, Kim et al., published a study in which they developed a physiology-based pharmacokinetic
(PBPK) model to estimate PFDA serum levels in male and female rats from exposure to the NOAEL used
in Kawashima et al.?*

The researchers obtained a point of departure for humans (PODuuman) of 28.4 ug/kg-d for males and 67.6
ug/kg-d for females (Table 3).** To obtain the candidate ADIs, we used an uncertainty factor of 1000 to
account for differences among people (10), using data from a short-term study to protect from long-
term effects (10), and the limited availability of data (10). We established a candidate ADI of 30 ng/kg-d
for males and 70 ng/kg-d for females.

Table 3. Toxicity parameters and ADIs from Kim et al. 2019.*

NOAEL Endpoint PODuman Total ADI (ng/kg-d)
(mg/kg-d) (ng/kg-d) Uncertainty
Factor
Female 1 Liver toxicity* 67.6 1000** 70
Male 1 Liver toxicity* 28.4 1000** 30

* Toxicity endpoint from Kawashima et al. %

** DHS selected a total uncertainty factor of 1000 to account for differences among people (10), use
of a shorter duration study to protect against effects from long-term exposure (10), and the limited
availability of data (10).

Key Health Effects

In our literature review, we found studies that indicate PFDA may cause carcinogenic and mutagenic
effects in people, research animals, and cell culture assays. ° We did not find any studies indicating
PFDA can cause teratogenic or interactive effects in people, research animals, or cell culture assays. We
found limited information that PFDA may cause carcinogenic effects in humans.’ One case-control study
among 161 Inuit women of Greenland showed that an increase in PFDA serum levels was associated
with an increased risk of breast cancer.’

We found limited information that PFDA may cause mutagenic effects.® One study that used the comet
assay showed that PFDA exposure can lead to DNA damage and bind to DNA molecules by groove
binding in mouse liver cell cultures. The authors suggest that PFDA can cause toxicity to genes by
inducing oxidative stress.?

Discussion

While studies on the effects of PFDA among people are limited, PFDA has been associated with
decreased baby weight, decreased childhood growth parameters, altered thyroid hormone levels, and
altered cholesterol levels.%>®11,1214-16,20,21,46 | rasearch animals, PFDA has been shown to decrease
offspring survival, fetal weight, body and liver weights and increase liver lipid levels.! In our review, we
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found that PFDA can also decrease spleen weight and specific spleen cells, increase thymus and kidney

weight, and cause histological changes in the liver in research animals.37:22-2426-28:43

A number of studies have demonstrated associations between long-chain PFAS and birth weight and
development in people and research animals. Multiple studies using research animals have noted a
decrease in fetal body weight and a decrease in body weight gain as a common endpoint when exposed
to PFDA.%723-28 Similarly, some recent epidemiology studies show associations between increased PFDA
concentrations and decreases in baby birth weights in humans.1#15181921 Scjentists have associated
multiple health issues in adulthood with lower weight at birth such as adult obesity, unfavorable
metabolic outcomes, and increased risk of cardiovascular disease.?>*”%° Scientists are still continuing to
learn how lower birth weight can affect adult human health.

Studies in research animals and people have shown that PFDA, as well as other PFAS, can affect the
levels of thyroid hormones.! Thyroid hormones are crucial for development, energy balance, and
metabolism in all species.*® In people, thyroid hormones play an important role in the development of
the brain, lungs, and heart.*® Scientists have learned that certain PFAS, including PFDA, can bind to
transport proteins involved in moving thyroid hormones throughout the body.*° Scientists are still
learning how this effect occurs and its impact on health.

A number of studies have demonstrated that liver effects caused by PFDA, as well as other PFAS, occur
primarily through activation of the nuclear hormone receptor, PPARa (peroxisome proliferator-activated
receptor alpha).’>*2 Nuclear receptors regulate gene expression and PPARa regulates the expression of
genes involved in lipid and cholesterol metabolism.*>® While PPARa receptors are found in rodents and
humans, levels of these receptors are much higher in rats and mice than in monkeys and humans.*®
Additionally, PFDA specifically was not shown to activate human PPARa.>! This suggests that effects
caused by activation of PPARa are more likely to occur in rodents than they are to occur in people. As
such, the effects on the liver observed in the critical studies reviewed here are likely not relevant to
humans. This conclusion is supported by the lack of associations between PFAS exposure and liver
disease in epidemiological studies (Table A-3).

Standard Selection
DHS recommends an enforcement standard of 300 ng/L for PFDA.

There are no federal numbers and no state drinking Basis for Enforcement Standard

water standard for PFDA. Additionally, the EPA has not O Federal Number
evaluated the carcinogenicity of PFDA or established an O Cancer Potential
ADI (oral reference dose) for PFDA. [0 EPA Acceptable Daily Intake

M Technical information
|
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However, we found critical toxicity and pharmacokinetic modeling studies for PFDA. To calculate the ADI
as specified in s. 160.13, Wisc. Statute, DHS selected the 1989 study by Harris and Birnbaum as the
critical study.® We selected this study because it evaluated the effects of PFDA exposure during
reproductive development and evaluated both maternal and offspring endpoints. Toxicity studies in
animals continue to show that developmental endpoints are critical effects for PFAS, including PFDA,
with effects occurring in offspring after exposure during pregnancy and lactation.>’ Additionally,
epidemiology studies continue to associate maternal PFDA exposure to developmental problems in
offspring, as PFDA has been shown to cross the placenta during pregnancy.11114151946 13435 \we choose
fetal body weight as the critical effect as it can be associated with health issues such as adult obesity,

unfavorable metabolic outcomes, and increased risk of cardiovascular disease. 2474

As described above, we obtained an ADI of 30 ng/kg-d from a NOAEL of 0.03 mg/kg-d and a total
uncertainty factor of 1000. To determine the recommended enforcement standard, DHS used the ADI,
and, as required by Ch. 160, Wis. Stats., a body weight of 10 kg, a water consumption rate of 1 L/d, and a
relative source contribution of 100%.

DHS recommends a preventive action limit of 30 ng/L for PFDA.

DHS recommends that the preventive action limit for PFDA be set at 10% of the enforcement standard.
PFDA has been shown to cause carcinogenic and mutagenic effects in people, research animals, and cell
culture assays.*® At this time, PFDA has not been shown to have teratogenic or interactive effects in
people, research animals, or cell culture studies.

Prepared by Gavin Dehnert, Ph.D. and Sarah Yang, Ph.D.

Wisconsin Department of Health Services
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Appendix A. Toxicity Data

Table A-1. PFDA Toxicity Studies from Literature Review

Study Type Duration Doses Endpoints Toxicity Value Reference
(mg/kg-d) (mg/kg-d)
Long Term Mouse 30 Days® 0, 40, 80, 100, 120, 160 Gavage PFDA decreased body weight at NOAEL: N/A Brewster and
80 mg/kg. PFDA increased liver LOAEL: 40 Birnbaum,
weight at 40 mg/kg. 1989%
Short Term Rat 28 Days 0,0.125,0.25,0.5,1.0, 2.0 Gavage PFDA decreased body weight NOAEL: N/A Frawley et al.,
and weight gain at 1.0 and 2.0 LOAEL: 0.125 20183

mg/kg-d; increased absolute
and relative liver weights at 0.25
and 0.5 mg/kg-d; increased
absolute and relative thymus
weights at 0.125 and 0.25
mg/kg-d; increased absolute
and relative kidney weights at
0.5 mg/kg-d. PFDA induced
centrilobular, single cell, and
necrosis in the liver at 0.5

mg/kg/d.
Short Term Mouse 28 days 0, 0.045, 0.089, 0.18, 0.35, Gavage®  PFDA decreased body weight NOAEL: 0.045 Frawley et al.,
0.71 and weight gain at 0.71 mg/kg- LOAEL: 0.089 2018b%3

d; increased absolute and
relative liver weights at 0.089,
0.18, 0.35, and 0.71 mg/kg-d;
decreased relative spleen
weight at 0.18, 0.35, and 0.71
mg/kg-d; decreased overall
spleen weight at 0.71 mg/kg-d.
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Development

Mouse Day 10-13 of
gestation

0,0.25,0.5,1.0,2.0,4.0,

8.0,16.0,32.0

Gavage

PFDA decreased maternal body
weight at 16 and 32 mg/kg-d;
increased relative and absolute
liver weight at 1.0, 2.0, 4.0, 8.0,
16.0, and 32.0 mg/kg-d. PFDA
decreased fetal body weight at
0.5,1.0,2.0,4.0,8.0,16.0, and
32.0 mg/kg-d.

NOAEL: 0.025
LOAEL: 0.5

Harris and
Birnbaum,
19893

Development

Mouse Day 6-15 of
gestation

0,0.03,0.1,0.3,1.0, 3.0,

6.4,12.8

Gavage

PFDA decreased maternal body
weight at 6.4 and 12.8 mg/kg-d;
increased relative and absolute
liver weight at 1.0, 3.0, 6.4, and
12.8 mg/kg-d. PFDA decreased
fetal body weight at 0.1, 0.3,
1.0, 3.0, 6.4, 12.8 mg/kg-d;
increased fetus mortality and
fetus resorption at 12.8 mg/kg-
d.

NOAEL: 0.03
LOAEL: 0.1

Harris and
Birnbaum,
19893

Long Term

Mouse 30 Days®

0, 20, 40, 80, 160, 320

mg/kg

Gavage

PFDA increased mortality at 160
and 320 mg/kg; decreased body
weight at 80 mg/kg. PFDA
increased relative and absolute
liver weight in a dose-
dependent manner; decreased
absolute and relative spleen and
heart weights in a dose
dependent manner. PDFA
increased T3 levels at 80 mg/kg
and increased T4 levels at 20,
40, and 80 mg/kg. PFDA
increased bile duct hyperbile
duct hyperplasia and
hepatocellular necrosisplasia in
a dose dependent mannr.

NOAEL: N/A

LOAEL:20 mg/kg

Harris et el.,
19897

PFDA
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Long Term

Mouse

30 Days*© 0, 40, 80, 100, 120, 160

mg/kg

Gavage

PFDA increased mortality at 120
and 160 mg/kg; decreased body
weight at 80 mg/kg. PFDA
increased relative and absolute
liver weight in a dose dependent
manor; decreased absolute and
relative spleen and thymus in a
dose dependent manor. PFDA
increased hypertrophy in liver
cells at 40 mg/kg; increased
necrosis of individual
parenchymal cells at 40 mg/kg.

NOAEL: N/A
LOAEL: 40 mg/kg

Harris et el.,
19897

Short Term

Rat

9 Days® 0, 50mg/kg

Gavage

PFDA decreased body weight at
50 mg/kg. PFDA decreased
absolute and relative liver
weight at 50mg/kg.

NOAEL: N/A
LOAEL: 50mg/kg

Kawabata et al.,
20172

Short Term

Rat

7 Days 0, 0.00125, 0.0025, 0.005

0.01% (w/w)

Diet

PFDA decreased body weight at
0.01%. PFDA increased liver
weight at 0.0025 and 0.005%
and relative liver weight at
0.00125, 0.0025, 0.005, and
0.01%. PFDA induced three
peroxisome
proliferator-responsive
parameters in a dose dependent
manor. PFDA increased liver
concentration of triacylglycerol
in a dose dependent manor and
increased cholesterol at 0.01%;
increased cell size and
proliferations of peroxisomes,
and small lipid droplets in liver
cells at 0.01%.

NOAEL: N/A
LOAEL: 0.00125%

Kawashima et
al., 1995%
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Short term

Mouse

10 Days 0, 0.02% (w/w)

Diet

PFDA decreased body weight at
0.02% (w/w).PFDA decreased
absolute and relative liver
weight at 0.02% (w/w). PFDA
decreased Gluthathione
peroxidase at 0.02% (w/w);
increased Superioxide
dismutase and Epoxide
hydrolase at 0.02% (w/w).

NOAEL: N/A Permadi et al.,
LOAEL: 0.02% 19912%

Short term

Mouse

10 Days 0, 0.02% (wi/w)

Diet

PFDA decreased body weight at
0.02% (w/w). Decreased
absolute and relative liver
weight at 0.02% (w/w). PFDA
increased Lauroyl-CoA oxidase
and Palmitoyl-CoA oxidation at
0.02% (w/w).

NOAEL: N/A Permadi et al.,
LOAEL: 0.02% 199277

Short term

Rat

14 Days 0, 0.01, 0.02% (wiw)

Diet

PFDA decreased body weight
gain and food consumption at
0.01% and 0.02% (w/w);
increased liver and kidney
weight at 0.01%, 0.02% (w/w).

NOAEL: N/A Takagi et al.,
LOAEL: 0.01% 1991%

Long Term

Mouse

35 Days B 0, 0.05 mM

Drinking
Water

PFDA increased mortality at
0.05mM; decreased body
weights 0.05mM.

NOAEL: N/A Wang et al.,
LOAEL: 0.05mM 2019a%

PFDA
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Short Term Mouse 14 Days 0,0.1,0.05mM

Drinking
Water

PFDA decreased body weights
0.1mM; increased the levels of
plasma Alanine transaminase
and Aspartate transaminase.
PFDA caused necrosis, steatosis,
edema, and degeneration in the
liver at 0.1mM; decreased total-
super-oxide dismutase, catalase,
and glutathione peroxidase
activities and increased reactive
oxygen species levels,
Thiobarbituric acid, and
malondialdehyde contents in
liver tissues at 0.1mM.

NOAEL: N/A
LOAEL: 0.05mM

Wang et al.,
2019b?8

Short Term Mouse 7 Days 0, 0.005% (w/w)

Diet

PFDA increased liver weight liver NOAEL: N/A Yamamoto and
at 0.005% (w/w). PFDA LOAEL: 0.005% (w/w) Kawashima,
increased activity of microsomal 199772
stearoyl-CoA desaturation in the

liver at 0.005% (w/w); induced

activity of peroxisomal beta-

oxidation in the liver at 0.005%

(w/w).

A All animals were orally gavaged once per week
B All animals died at this point in the study
€ All animals were given a single dose
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Table A-2. Critical Study Selection for PFDA

Appropriate Effects consistent Effects relevant to Toxicity value
Reference duration? with other studies? humans? Number of Doses identifiable? Critical study?
Frawley et al., 2018a 4 v 4 5 v Yes
Frawley et al., 2018b v v 4 5 v Yes
Harris and Brinbaum, v v v 3 v Yes
1989a
Harris and Brinbaum, v v v 7 v
1989b
Kawashima et al.
’ v 4 v
1991 S &
Permadi et al., 1991 S v v 1 v No
Permadi et al., 1992 S v Y 1 v No
Takagi et al., 1991 S v v ) v No
Wang et al., 2019a v v v 1 v No
Wang et al., 2019b S v v 1 v No
Yamamoto and S v v ) v No

Kawashima, 1997
To be considered a critical study, the study must be of an appropriate duration (at least 28 days or exposure during gestation), have identified effects that are consistent with
other studies and relevant for humans, have evaluated more than one dose, and have an identifiable toxicity value.
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Table A-3. PFDA Epidemiological Studies from Literature Review

Study Type Population Time period Exposure Outcomes Results Other PFAS Reference
Studied
Cohort 568 mother- 2012-2013 Cord plasma PFAS  Thyroid disruption An increase in PFDA PFOA, PFOS, Aimuzi et al.,
child pairs concentrations concentrations (ng/mL natural log PFNA, PFUNA, 2019°
from the transformed per unit) was PFHxS, PFDOA,
Shanghai associated with an increase in free PFBS, PFOSA,
Obesity and T4 levels (pmol/L) among boys. PFHpA
Allergy Cohort
Cohort 981 mother- 2010-2012 Maternal PFAS Childhood asthma PFDA was not associated with the PFOS, PFOA, Beck et al.,
child pairs serum wheeze test, self-reported asthma, PFHxS, PFNA 2019°3
within the concentrations or doctor-diagnosed asthma in
Odense Child children.
Cohort
Cohort 210 1990-2008 Drinking water Thyroid disruption, Interquartile PFDA increase was PFOS, PFOA, Blake et al.,
community exposure; serum kidney function, associated with a 2.20% estimated PFNA, PFHXxS, 2018°*
members PFAS and BMI glomerular filtration rate decrease. PFOSA, Me-
(median age concentrations PFDA had no associations with PFOSA, Et-
38) thyroid disruption or BMI. PFOSA
Cohort 501 mothers 2005-2009 Maternal PFAS Pregnancy loss PFDA was not associated with an PFNA, PFOS, Buck Louis et
from Michigan serum increase in pregnancy loss. PFOA, PFOSA, al., 2016
and Texas concentrations Et-PFOSE-AcOH,
Me-PFOSA-
AcOH
Cohort 501 fathers 2005-2009 Paternal PFAS Semen parameters An increase in PFDA (1-unit In PFNA, PFOS, Buck Louis et
from Michigan serum transformed ng/mL) was PFOA, PFOSA, al., 2015%
and Texas concentrations associated with a decrease in Me-PFOSA-
sperm head length (um); B = - AcOH
0.155 (95% Cl: -0.304, -0.006). An
increase in PFDA (1-unit In
transformed ng/mL) was
associated with a decrease in the
percentage of sperm coiled tails; B
=-7.603 (95% Cl: -14.014, -1.193).
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Cohort 687 mother- 2012-2015 Cord serum PFAS Atopic dermatitis PFDA was associated with a two- PFOA, PFOS, Chenetal.,
child pairs concentrations fold increase atopic dermatitis PFNA, PFUNA, 2018 >¢
from Shanghai, risk; AOR = 2.67 (95% Cl: 1.00- PFHxS, PFOSA,
China 4.57). PFDoOA, PFBS,
PFHpA

Cross sectional 2975 2007-2008, Serum PFAS Metabolic PFDA was associated with a PFOA, PFOS, Christensen et

study participants 2009-2010, concentrations syndrome decreased risk with metabolic MPAH, PFHXS, al., 2019%7

from National 2011-2012, syndrome; OR = 0.72 (Q1 vs Q4) PFNA, PFUnDA
Health and 2013-2014 (95% Cl: 0.53, 0.99). PFDA was
Nutrition associated with a decrease in
Examination triglycerides; OR = 0.45 (Q1 vs Q4)
Survey (95% ClI: 0.25, 0.80). PFDA was
associated with a decrease in high-
density lipoprotein cholesterol; OR
=0.48 (Q1 vs Q4) (95% Cl: 0.30,
0.77).

Cohort 359 mother- 2010-2012 Maternal serum Infection PFDA was not associated with the PFOS, PFOA, Dalsager et al.,
child pairs in PFAS symptoms number of days with symptoms or PFHxS, PFNA 2016°8
the Odense concentrations with an increase in risk of having
Child Cohort symptoms.

Nested Cohort 445 mother- 2012-2017 PFAS in maternal Hormonal PFDA (ng/mL) was associated with PFOS, PFOA, Ernst et al.,
child pairs plasma from early developmental 3.60 month earlier average age at PFHxS, PFHpS, 2019%
within the gestation outcomes onset for the combined puberty PFNA,

Danish indicator in girls; (95% Cl:
National Birth -9:03, 1.83). PFDA (ng/mL) was
Cohort associated with a 4.59 month
older age at onset for the
combined puberty indicator in
boys; (95% Cl: -0:93, 10.11).
665 mother- 1999-2002 Maternal plasma Metabolic HOMA-IR was 14.5% lower per PFOA, PFOS, Fleisch et al.,

Cohort child pairs in Maternal: PFAS assessment, and interquartile range increment in PFNA, PFHxS 2017°°

Boston, MA; 2007-2010 concentrations at homeostatic PFDA (ng/mL); (95% Cl: —24.7, —
Project Viva Child first prenatal visit model assessment  2.9). PFDA was not associated with

(mean: 9.6 weeks
gestation); Child
plasma PFAS

of insulin
resistance
(HOMA-IR)

metabolic biomarkers (e.g. Leptin
and Adiponectin).

PFDA
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concentrations at

(mean:7.7 years)

Cohort 381 mother- 1996-2011 Maternal serum Birth outcomes; Maternal PFDA concentrations PFOA, PFNA, Gyllenhammar
child pairs PFAS growth and (ng/g) were inversely associated PFUNDA, PFBS, etal., 20181
from Uppsala concentrations development with birth weight scores in the PFHxS, PFOS,
County, children. Maternal PFDA
Sweden. concentrations were not
associated with child growth
parameters from age 3 months to
5 years.
Cohort 10859 1999-2014 Serum PFAS Prevalence of PFDA was positively associated PFOA, PFOS, Huang et al.,
participants concentrations cardiovascular with coronary heart disease: p PFHxS, PFNA, 2018°%
from NHANES diseases (CVD). trend = 0.0107; AORQ4vs Ql = EPAH, MPAH,
(National 1.84 (95%Cl: 1.26-2.69). PFBS, PFHP,
Health and PFDO, n-PFOA,
Nutritional Sb-PFOA, n-
Examination PFOS, Sm-PFOS
Survey)
Cross-sectional 1366 1996-2002 Maternal PFAS Thyroid disruption An increase in PFDA PFOS, PFOA, Inoue et al.,
study pregnancies in serum (per interquartile range) was PFHxS, PFNA, 2019°¢
the Danish concentrations associated with higher free T4 PFHpS
National Birth concentrations before gestational
Cohort week 10; OR=1.46 (95% CI: 1.04,
2.05).
Cohort 3629 2005-2014 Serum PFAS Total cholesterol An increase in PFDA (ng/mL) Et-FOSAA, Me- Jain and
participants concentrations (TC), low density concentrations was associated FOSSA, PFOA, Ducatman,
from NHANES lipoprotein with an increase in adjusted PFOS, PFHXS, 2019%2
cholesterol concentrations of TC for obese PFHpA, PFBS,
(LDL), high density  females; B = 0.0247, p = 0.048). An PFNA, PFDOA,
lipoprotein increase in PFDA (ng/mL) PFUNDA,
cholesterol (HDL), concentrations was positively
and triglycerides.  associated with an increase in HDL
and LDL levels for obese females;
HDL: p=0.0442, p=0.01; LDL:
=0.0397, p=0.047. An increase in
PFDA (ng/mL) concentrations was
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negatively associated with
triglycerides levels for obese
females; B=-0.0791, p = 0.01. An
increase in PFDA (ng/mL)
concentrations was negatively
associated with triglyceride levels
in obese males (B=-0.0508, p =
0.03).

Cohort 373 mother- 2010-2012 Maternal serum Hormonal A two-fold increase in maternal PFHXS, PFOS, Jensen et al,,
child pairs PFAS developmental PFDA concentration was PFOA, PFNA 2020 %
from the concentrations outcomes associated with a decrease by
Odense Child 19.6% (95% Cl: -32.9%, —3.8%) in
Cohort DHEA concentration among 4
month old girls. PFDA had no
associations with concentrations
of androgens or gonadotropins
during early stages of puberty.
Cohort 318 pregnant 2010-2012 Serum PFAS Glycemic status PFDA was not associated with any PFHxS, PFOS, Jensen et al.,
women within concentrations (plasma glucose, glucose related outcomes. PFOA, PFNA 201862
the Odense serum insulin, and
Child Cohort serum C-peptide)
Case-Control Study 2874 pregnant 2010-2012 Maternal serum Miscarriage PFDA was associated with a 2.67 PFOA, PFQOS, Jensen et al.,
women within PFAS increased risk of miscarriage PFHxS, PFNA 20158
the Odense concentrations (tertile 3 vs tertile 1 95% ClI: 1.31,
Child Cohort 5.44).
Cohort 1985 mother- 2003-2009 Maternal serum Birth outcomes PFDA (per Log10 unit) was PFHXS, PFHXA, Kashino et al.,
infant pairs PFAS inversely associated with birth PFHpA, PFOS, 2020
from concentrations weight (g); B =-72.2 (95% Cl: - PFOA, PFNA,
Hokkaido, 138.1, -6.3). PFUNDA,
Japan PFDoDA,
PFTrDA,
PFTeDA
Cross sectional 378 ten-year- 1992-2009 Serum PFAS Health outcomes PFDA was not associated with lung PFBA, PFPeA, Kvalem et al.,
study old’s form concentrations function or asthma. PFDA (ng/mL) PFHXA, 2020%
Oslo, Norway. was inversely associated with PFDoDA,

PFTrDA, PFDS,

PFDA
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atopic dermatitis in girls; RR = 0.64
(95% Cl: 0.42,0.98) per IQR.

MeFOSA,

EtFOSA, PFOSA,

PFOA, PENA,
PFUNDA, PFHXxS,
PFHpS
Cohort 268 mother- 2006-2010 Cord serum PFAS Genomic DNA and Maternal PFDA concentrations PFHXxS, PFOA, Kwon et al.,
child pairs concentrations birth outcomes (ng/mL, log transformed) were PFOS, PFNA, 2016%
from Ewha negatively associated with PFUNDA,
Birth and neonatal birth weight (g); adjusted PFDoDA,
Growth B =-101.24 (95% Cl: -184.80, - PFTrDA
Retrospective 17.67), p=0.02).
Cohort from
Seoul, Korea
Cohort 361 Children 2012-2013 Serum PFAS Growth outcome PFDA concentrations were PFBS, PFHXxS, Lee et al.,
from the concentrations measurements inversely related to height at 2 PFOS, PFDS, 2018%
Environment years old for boys and girls PFBA, PFPeA,
and combined (adjusted B per In unit-  PFHxA, PFHpA,
Development 0.44 (95% Cl: -0.77, -0.10)). PFDA PFOA, PFNA,
of Children was not associated to weight for 2 PFUNDA,
Cohort year old boys and girls. PFDoDA,
PFTrDA,
PFTeDA
Cohort 638 mother- 2010-2012 Maternal serum Birth outcomes PFDA was associated with a PFOS, PFOA, Lind et al.,
child pairs PFAS and anogenital decrease in AGD (mm) in girls; p PFHXS, PENA, 2017%
from Odense concentrations distance (AGD) trend <0.05, B =-1.3 (95% Cl: -2.8,
Child Cohort 0.2). PFDA was not associated with
AGD in boys.
Case study 1016 seventy- 2001-2004 Plasma PFAS Cardiovascular PFDA was not associated with PFHpA, PFNA, Lind et al.,
years-old concentrations outcomes plaques in the carotid artery. PFDA  PFUNnDA, PFHXxS, 201766
participants (ng/mL natural log transformed) PFOA, PFOSA,
from Uppsala, was associated with intima- PFOS
Sweden median grey scale median an
indicator of atherosclerosis; =
7.456 (95% Cl: 2.622, 12.47).
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Cohort 501 couples 2005-2009 Serum PFAS Menstrual cycle PFDA was associated with a 3% PFNA, PFOA, Lum et al.,,
from Michigan concentrations and fecundity increase in average cycle length PFOS, PFOSA, 2017%
and Texas (+1 day); Acceleration Factor = Et-PFOSA-
1.03 (95% Credible Interval: 1.00, AcOH, Me-
1.05). PFDA was not associated PFOSA-AcOH
with fecundity.
Cohort 3535 mother- 1996-2002 Maternal Plasma Birth outcomes PFDA was not associated with PFOS, PFOA, Meng et al.,
child pairs PFAS birth weight or gestational age. PFHXS, PFNA, 201868
from Danish concentrations PFHpS,
National Birth
Cohort
Cohort 682 mother- 1999-2002 Maternal plasma Total cholesterol PFDA was positively associated PFOS, PFOA, Mora et al.,
child pairs Maternal: PFAS (TC), high density  with a higher TC among children; B PFNA, PFHXS, 2018
from Boston, 2007-2010 concentrations at lipoprotein per IQR increment =6.8 mg/dL EtFOSAA,
MA Child first prenatal visit cholesterol (HDL- (95% Cl: 3.6, 10.1). PFDA was MeFOSAA,
(mean: 9.6 weeks C), low-density positively associated with a higher
gestation); Child lipoprotein LDL-C among children; B per IQR
plasma PFAS cholesterol (LDL-C) increment = 3.2mg/dL (95% Cl:
concentrations at triglycerides (TG), 0.6, 5.8). PFDA was associated
(mean:7.7 years) and alanine with higher HDL-C among children;
aminotransferase B per IQR increment = 4.3mg/dL
(ALT). (95% Cl: 2.6, 6.0). PFDA was
associated with a lower TC/HDL-C
ratio among children; B per IQR
increment = -10.1 (95% Cl: -18.2,
-2.1).
Cohort 533 mother- April- Maternal serum Infant An increase in maternal PFDA PFHXS, PFOS, Niu et al.,
child pairs December PFAS neuropsychological concentrations (natural log PFOA, PFNA, 2019%°
from Shanghai- 2012 concentrations at development transformed) were associated with  PFUNnA, PFDoA,
Minhang Birth 12-16 weeks’ an increased risk of the children PFTrDA
Cohort gestation having a development problem
with their personal social skills RR
=1.66 (95% CI: 0.99, 1.36).
Cohort 656 mother- 1997 and Maternal serum Children’s PFDA concentrations were PFOA, PFOS, Oulhote et al.,
child pairs 2000 PFAS behavioral associated with a 0.78 point PFHxS, PFNA 2016
concentrations; development increase in strength and difficulties
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from the Faroe

Child (age 5 and

guestionnaire scores at five years

Islands age 7) serum PFAS old (95% Cl: 0.01, 1.55).
concentrations
Cross sectional 786 2006-2015 Serum PFAS Body weight, PFDA (ng/mL) was positively PFBA, PFHXA, Seo et al.,
study participants concentrations height, thyroid associated with total cholesterol PFOA, PFNA, 2018Y
from Seoul, disruption, (mg/dL) (p<0.05 spearman’s rank PFUNDA,
South Korea cholesterol levels, correlation). PFDA was not PFDoA, PFHxS,
diabetes. associated with PFOS
hypercholesterolemia in men or
women. PFDA was not associated
with uric acid concentrations in
men or women. PFDA was
positively associated with free T4
concentrations (mg/dL) in men
and women (p<0.05 spearman’s
rank correlation). PFDA was not
associated with diabetes in men or
women.
Case Study 170 mother- February- Cord serum PFAS Birth outcomes PFDA was not associated with PFHxXS, PFOS, Shi et al.,
child pairs June 2012 concentrations birth weight, birth length, or PFOA, PFNA, 2017%
from Haidian ponderal index (measure of PFUNA, PFDoA
Maternal and leanness based on mass and
Child Health height).
Hospital in
Beijing
Cohort 628 mother- 2009-2014 Maternal serum Birth outcomes, PFDA was not associated with PFHXS, PFOA, Starling et al.,
child from the PFAS glucose levels, birth weight or child adiposity. PFOS, PFNA 20167°
healthy start concentrations cholesterol, PFDA concentrations (ng/mL log-
cohort triglycerides unit) were inversely associated
University of with maternal glucose levels B
Colorado value =-0.016 (95% Cl: -0.026, -
Hospital 0.006).
Cohort 500 mother- April- Maternal serum Birth outcomes PFDA concentrations (per In unit) PFHXxS, PFOS, Tian et al.,
child pairs December PFAS and anogenital were inversely associated with PFOA, PFNA, 20198
from Shanghai, 2012 concentrations distance (AGD) anoscrotal distance (mm) at birth;  PFUnA, PFDOA,
China B value =-0.58 (95% Cl: -1.11, - PFTrDA,

PFDA

Cycle 11

196




0.06). PFDA concentrations (per In
unit) were inversely associated
with anopenile distance (mm) at
birth; B value =-0.63 (95% Cl: -
1.24,-0.01).

PFTeDA,
PFHxDA,

Cohort 559 children 1997-2000 Maternal serum Childhood asthma A doubling of PFDA concentrations PFOA, PFOS, Timmerman et
from PFAS and allergies was associated with increased PFHxXS, PFNA al., 20177*
Children’s concentration, odds of asthma at age 5. PFDA had
Health and childhood serum no associations with total
Environment concentrations at Immunoglobulin E, positive skin
in the Faroe age 5and 13 prick test, allergic rhino-
Islands. conjunctivitis, or atopic eczema.
Cohort 285 mothers 2000-2001 Maternal serum Thyroid disruption 1-ng/mL increase in PFDA was PFHXxS, PFOA, Wang et al.,
and their PFAS associated with a 0.002 ulU/mL PFOS, PFNA, 2014%°
infants from concentrations at increase of maternal total T3 PFUNDA,
Taiwan third trimester concentrations; (95% Cl: 0.000, PFDoDA,
0.003). 1-ng/mL increase in PFDA PFHxA, PFHpA
was associated with a 0.017ng/dL
decrease in cord total T3
concentrations; (95% Cl: -0.028, -
0.005). PFDA had no associations
with maternal free T4, total T4,
and TSH concentrations.
Cohort 223 mothers 2000-2001 Maternal serum Small for 1-In-unit increase in prenatal PFNA, PFOA, Wang et al.,
and their term PFAS gestational age PFDA (ng/mL) was associated with PFUNDA, 2016%°
infants born in concentration from (SGA) a 0.14 kg lower birth weight PFDoDA

Taiwan

third-trimester

Mean childhood
height and weight

among infant girls; (95% Cl: -0.26, -

0.02). 1-In-unitincrease in
prenatal PFDA concentrations
(ng/mL) were associated with

small for gestational age in infant

girls; OR: 3.14 (1.07, 9.19).

PFDA was not associated to birth
weight, birth length, birth head
circumference, or Small for
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gestational age among infant boys.
1-In-unit increase in prenatal
PFDA concentration (ng/mL) were
associated with lower weight and
height scores during early
childhood in girls: weight z score; B
value =—-0.32 (95% Cl: —0.63, 0.00)
and height z score; B value = —
0.52
95% Cl:—0.80, —0.24). PFDA was
not associated to weight or height
scores during early childhood in
boys.

Case control study 161 Inuit 2000-2003 or Serum PFAS Breast cancer risk An increase in PFDA was PFHpA, PFOA, Wielsoe et al.,
women of 2011-2014 concentrations associated with an increased risk PFENA, PFUNA, 2017°
Greenland of breast cancer risk; tertile 3 vs PFDOA, PFTrA,
tertile 1; OR = 2.36 (95% Cl: 1.04, PFSAs, PFHXS,
5.36). PFPeA, PFTeA,
PFBS, PFHpS,
PFDS
Cohort 1533 mother- 2007 to 2010 Maternal serum Birth outcomes PFDA concentrations (ng/mL per PFOS, PFOA, Wikstrom et
child pairs PFAS In-unit) were negatively associated ~ PFHxS, PFNA, al., 2019%
from Swedish concentrations with body weight (g); B value = — PFUNDA,
Environmental, 58 (95% Cl: =103, -13) for boys and  PFHpA, PFDoDA
Longitudinal, girls. PFDA (ng/mL per In-unit) was
Mother and positively associated with SGA; OR
child, Asthma =1.46 (95% Cl: 1.06, 2.01) for boys
and allergy and girls.
(SELMA)
Cohort
Case study 157 mother- January — Maternal and cord  Thyroid disruption PFDA was inversely associated PFHxA, PFOA, Yang et al.,
child pairs March 2013 Serum PFAS with TSH concentrations after PFNA, PFUNA, 201672
from Beijing concentrations adjusted for influential covariates. PFDoA, PFHXxS,
PFOS
Cohort 351 mother- 2010-2013 Cord serum PFAS Reproductive PFDA was not associated with PFOS, PFOA, Yao et al.,
child pairs concentrations hormones, estradiol levels or testosterone PFBS, PFDOA, 20193

PFDA
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from Laizhou, steroidogenic levels. PFDA (ng/mL) was PFHpA, PFHXxS,
China enzymes associated with higher placental PFNA, PFOSA,
P450arom levels (ng/mL) (a PFUNA
steroidogenic enzymes); B value =
0.18 (95% ClI: 0.03, 0.33).

Cross sectional 1202 July-October Serum PFAS Ophthalmic PFDA was not associated with eye PFHXA, Zeeshan et al.,
study participants 2016 concentrations disruption (vision) disease. PFDoDA, PFOS, 20207
from PFBA, PFPA,
Shenyang, PFHxS, PFHpA,

China PFNA, PFDS,
PFUNDA,
PFTeDA,
PFTrDA

*This literature review is not exhaustive as the primary purpose of the search was to identify epidemiological studies that support toxicological findings.

Epidemiologic terms: OR=0dds ratio; AOR=adjusted odds ratio; RR=relative risk; 95% Cl=95% confidence interval;, r=Spearman correlation coefficient; 8=regression coefficient
PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFTrDA=perfluorotridecanoic
acid, PFTeDA=perfluorotetradecanoic acid, PFHxDA=perfluorohexadecanoic acid, PFHxS=perfluorohexane sulfonate, PFOS=perfluorooctane sulfonic acid,
PFDS=perfluorodecanesulfonate, PFBS=perfluorobutane sulfonate, PFBA=perfluorobutanoic acid, PFPeA=perfluoropentanoic acid, PFHxA=perfluorohexanoic acid,
PFHpA=perfluoroheptanoic acid, 6:2 FTSA=6:2 fluorotelomer sulfonates, NMeFOSAA=N-methyl! perfluorooctanesulfonamidoacetate, EPAH=2-(N-ethyl-perfluorooctane
sulfonamido)acetate, MPAH=2-(N-methyl-perfluorooctane sulfonamido) acetate, PFSA=perfluorooctane sulfonamide; PFHpS=perfluoroheptane sulfonic acid; PFDS=
perfluorodecane sulfonic acid; EtPFOSAA= 2-(Nethyl-perfluorooctane sulfonamido) acetic acid
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PFURA | 2020

Substance Overview

Perfluroundecanoic acid® (PFUNA) is a chemical in a group of contaminants called per- and
polyfluoroalkyl substances (PFAS). Because of its chemical properties of having both a water-loving
group and water- and oil-repellant group on the same molecule, along with extreme stability under heat
and pressure, PFUNA was introduced as an alternative to perfluorooctanoic acid (PFOA) once PFOA was
phased out of production in 2004, to be used as a surfactant in chemical manufacturing and as an oil
repellent in consumer products.’? From these uses, it can be found as an impurity in stain and grease
repellants in commercial products like carpet and fabric, as a coating for packaging, and in some fire-
fighting foams.>® PFAS can persist in the environment and in the human body for long periods of time.!
PFAS with carbon chains consisting of seven or more carbon atoms, like PFUnA, cannot be easily broken
down and excreted from the body; these compounds have shown to build up more and persist longer in
the body than shorter chain PFAS.*® The half-life of PFUnA is estimated to be similar to other long-chain
PFAS, with estimates ranging from 4-12 years.’

Recommendations

Wisconsin does not currently have an NR 140 Groundwater e —

) ) Current Standards
Quality Public Health Enforcement Standard for PFUnA. DHS

_ Enforcement Standard: N/A
recommends an enforcement standard of 3 micrograms per Preventive Action Limit: N/A
liter (ug/L) for PFUNA. The recommended standard is based Year: N/A
on a study that found that PFUnA can reduce birth weight
and weight gain in newborn research animals. Recommended Standards
DHS recommends that the preventive action limit for PFUnA  Enforcement Standard: 3 ug/L
be set at 20% of the enforcement standard because PFUnA Preventive Action Limit: 0.6 pg/L

has not been shown to cause carcinogenic, mutagenic,

teratogenic, or interactive effects in people, research animals, or cell culture.

Health Effects

Some studies in humans exposed to multiple PFAS have shown that PFUnA may impact the immune
system, heart and blood health, and physical development.»®3 Studies in research animals have

a This scientific support document and the included groundwater standard recommendations also apply to anion
salts of perfluroundecanoic acid.
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supported the findings, observing that PFUnA can have a negative impact on growth and
development.>!*

There is insufficient evidence to determine if PFUNA is carcinogenic (cancer), mutagenic (DNA damage),
teratogenic (birth defects), or causes interactive effects in people or research animals. The EPA has not
evaluated the carcinogenicity of PFEUnA.%®

Chemical Profile

Structure:

CAS Number: 2058-94-8

Formula: C11HF210,

Molar Mass: 564.09 g/mol

Synonyms: PFUA; PFUnDA; C11-PFCA; perfluoro-n-

undecanoic acid;
henicosafluoroundecanoic acid;
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,
11,11-heneicosafluoroundecanoic acid

Exposure Routes

PFAS, including PFUNA, can be released directly into the environment during the manufacture and use of

PFAS and can be found in water or soil. PFAS can move between groundwater and surface water. Once

in water, PFAS can travel long distances.>®

People can be exposed to PFAS by drinking water, eating food, and breathing in or accidentally

swallowing soil or dust containing PFAS.

Current Standard

Wisconsin does not currently have groundwater standards for PFUnA.Y
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Standard Development

Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: N/A
Oncogenic Potential

EPA Cancer Slope Factor: N/A

Guidance Values
None Available

Literature Search

Literature Search Dates: 1900 - 2019
Key studies found? Yes
Critical studies identified? Yes

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for PFUnA.2
Health Advisory

The EPA has not established health advisories for PFUnA.*
Drinking Water Concentration (Cancer Risk)

The EPA has not established a drinking water concentration based on a cancer risk level determination
for PFUnA.Y®

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.
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NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for PFUnA.?°

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Information System (IRIS) program.

EPA Oral Reference Dose

The EPA does not have an oral reference dose for PFUnA.%®

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, DHS must set the standard at a level
that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also set
the standard at this level if the EPA has an ADI but using it to set the groundwater standard would result
in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of PFUNnA, we looked to see if the EPA, the International Agency for
Research on Cancer (IARC), or another agency has classified the cancer potential of PFUnA. If so, we look
to see if EPA or another agency has established a cancer slope factor.

Cancer Classification

The EPA and International Agency for Research on Cancer (IARC) have not evaluated the carcinogenicity
of PFUNA.>2!

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for PFUnA.%®
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Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For PFUnA, we searched for values that had been published on or before November 2019. While the
Agency for Toxic Substances and Disease Registry (ATSDR) reviewed the toxicity of PFUnA in 2018, they
did not establish any guidance values for PFUnA, as the identified critical studies did not record animal
serum levels, thus a human equivalent dose could not be calculated.*

Literature Search

Our literature review focused on relevant scientific literature on the health effects of PFUnA published
on or before November 2019. We looked for studies related to PFUnA toxicity or effects on a disease
state in which information on exposure or dose was included as part of the study.¢ Ideally, relevant
studies used in vivo (whole animal) models and provided data for multiple doses over an exposure
duration proportional to the lifetime of humans.

Eight toxicity studies were returned by the search engines. We excluded studies on non-mammalian or
cell systems, non-oral exposure routes, and those that did not evaluate health risks from further review.
After applying these exclusion criteria, we located one key toxicity study on PFUnA (summarized in Table
A-1). To be considered a critical toxicity study, the study must be of an appropriate duration (at least 28
days or exposure during gestation), have identified effects that are consistent with other studies and

b ATSDR stated that they did not identify any intermediate-duration oral studies for PFUnA in their literature
review. While they located one chronic duration study, they did not establish a minimum risk level for PFUnA
because this study did not measure serum levels.
¢ We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’” Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: PFUA or PFUnA or PFUnDA or 2058-94-8 or “perfluoroundecanoic acid” or
“perfluoroundecanoate”

Language: English
We also searched online for toxicity studies published by national research programs.
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relevant for humans, have evaluated more than one dose, and have an identifiable toxicity value.®¢ We
reviewed the key study and confirmed that it met the criteria to be considered a critical toxicity study
(see Table A-2).

In our search, we also located 40 epidemiology studies (See Table A-3 for a summary of recent studies).
While multiple potential exposure sources and the ability for other PFAS compounds to cause similar
health effects preclude using these data to establish a health-based value, such studies are helpful in
identifying the crucial effects and ensuring that the animal data used to establish the standard is
relevant to people.

Critical Toxicity Studies

We calculated an acceptable daily intake (ADI) for each study/effect. The ADI is the estimated amount of
PFUNA that a person can be exposed to every day and not experience health effects. Since there is only
one study investigating the half-life in humans (4.5 — 12 years we calculated ADI by dividing a toxicity
value from either a no-observed adverse effect level (NOAEL), lowest observed adverse effect level
(LOAEL), or benchmark dose (BMD) identified in a study by a factor accounting for various sources of
scientific uncertainty.”” Uncertainty factors were included, as appropriate, to account for differences
between humans and animals, differences between healthy and sensitive human populations, using
data from short-term experiments to protect against effects from long-term exposure, and using data
where a health effect was observed to estimate the level that does not cause an effect. To ensure
appropriate protection, we have chosen to not use studies that have significant uncertainty as the basis
for the recommended enforcement standards.® This approach is consistent with that taken by EPA when
establishing oral reference doses.?

Takahashi et al., 2014

Takahashi et al. exposed male and female rats to different concentrations of PFUnA (0, 0.1, 0.3, and 1.0
miligrams of PFUNA per kilogram body weight per day or mg/kg-d) by gavage for 42 days in males and
from 14 days pre-mating through 4 days after lactation in females.? A subset of males and females in the
0 and 1.0 mg/kg-d dose groups were withheld treatment for an additional 14 day recovery period (see

d Appropriate toxicity values include the no observable adverse effect level (NOAEL), lowest observable adverse
effect level (LOAEL), and benchmark dose (BMD).

e Due to the limited availability of data for this substance, we considered a study to be of an appropriate duration
if animals were exposed for at least 28 days or if the exposure occurred during pregnancy. We accounted for
differences in exposure duration through the use of an uncertainty factor.

f The NOAEL is the highest dose tested that did not cause an adverse effect, the LOAEL is the lowest dose tested
that caused an adverse effect, and the BMD is an estimation of the dose that would cause a specific level of
response (typically 5 or 10%)

g DHS considers a study to have significant uncertainty if the total uncertainty factors is greater than 3,000.
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Takahashi et al. for information on recovery group effects). In males, PFUnA affected blood and
biochemistry parameters and impacted the liver, spleen, and stomach at the highest dose (Table 1). In
addition to these statistically significant findings, the study observed liver cell damage and stomach
erosion in rats treated with 1 mg/kg-d PFUNnA.

Table 1. Statistically Significant Effects Observed in Males in Takahashi et al., 2014
Dose (mg/kg-d)

Effects observed in males 0.1 0.3 1.0
Blood Decreased cell volume
Decreased hemoglobin
Increased platelet count e
Decreased coagulation
Decreased fibrinogen
Metabolism Decreased serum phospholipid ~
Decreased serum calcium
Liver Increased absolute liver weight
Increased relative liver weight v
Increased ALT
Increased ALP
Decreased serum total cholesterol &
Decreased serum albumin
Increased serum albumin/globulin ratio D
Decreased serum total protein
Kidney Increased blood urea nitrogen
Spleen Decreased absolute and relative spleen weight
ALT = alanine aminotransferase; ALP = alkaline phosphatase
*The authors did not consider this effect to be treatment-related, biologically relevant, or adverse.

ANAVANENEN

AVANENENEN

<

AN

From this repeated dose experiment in males, the authors identified a NOAEL of 0.1 mg/kg-d based on
hepatocellular hypertrophy induced by PPARa at higher doses. Other effects seen at 0.1 or 0.3 mg/kg-d,
such as the increased platelet count, or increased albumin/globulin ratio were disregarded as incidental,
since they were very slight or did not occur in a dose-dependent manner. We determined the ADI using
this NOAEL and a total uncertainty factor of 10,000 to account for differences between humans and
research animals (10), differences among people (10), using a short-term study to extrapolate to long-
term exposures (10), and the limited availability of information (10). While we obtained a candidate ADI
of 10 ng/kg-d for PFUNA for males, this study was not used to establish to recommended enforcement
standard due to significant uncertainty.

In females, PFUNnA affected blood and biochemistry parameters and impacted the liver, spleen, and
stomach at the highest dose (Table 2). In addition to these statistically significant findings, the study
observed liver cell damage in rats treated at the highest dose.
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Table 2. Statistically Significant Effects Observed in Females in Takahashi et al., 2014

Dose (mg/kg-d)

Effects observed in females 0.1 0.3

Blood Increased cell volume 4
Increased hemoglobin v
Decreased fibrinogen v

Metabolism Decreased serum phospholipid R
Increased serum chlorine v

Liver Increased absolute and relative liver weight v
Decreased serum total cholesterol *
Decreased serum total protein & v
Increased blood urea nitrogen v

Development Decreased body weight of male and female v
pups at PNDs 0 and 4

PND = postnatal day

*The authors did not consider this effect to be treatment-related, biologically relevant, or adverse.

From this reproductive and developmental experiment in females, the authors identified a NOAEL of 0.3
mg/kg-d due to the reduced body weight in pups at the highest dose. As above, the other significant
effects (for example, decreased total protein) were disregarded as incidental, since they were only slight
changes or did not occur in a dose-dependent manner. We estimated a candidate ADI of 300 ng/kg-d
based on the NOAEL and a total uncertainty factor of 1000 to account for differences between humans
and research animals (10), differences among people (10), and the limited availability of information
(10).

Key health effects

At this time, we did not find studies to show that PFUnA has caused carcinogenic, mutagenic,
teratogenic, or interactive effects in humans, research animals, or culture cells.

Discussion

In research animals, PFUnA has been shown to impact the liver and spleen, decrease the weight of
offspring at birth and during early development, and alter a variety of blood and biochemistry
parameters, consistent with effects seen by other long-chain PFAS.2?2* While studies on the effects of
PFUNA among people are limited and mixed, data from available studies suggest that PFUnA may impact
fetal and newborn growth, the cardiovascular system, immune response, and thyroid function. 812527
Data on half-life are limited, but PFUnA appears to have similarly long half-lives in humans as other long-
chain PFAS, potentially longer than a decade, indicating that the body burden will continue to grow if

exposure continues.’
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A number of studies have demonstrated that liver effects caused by PFAS occur primarily through
activation of the nuclear hormone receptor, PPARa (peroxisome proliferator-activated receptor
alpha).?32 Nuclear receptors regulate gene expression and PPARa regulates the expression of genes
involved in lipid and cholesterol metabolism.3* While PPARa receptors are found in rodents and humans,
levels of these receptors are much higher in rats and mice than in monkeys and humans.*? This means
that effects caused by activation of PPARa are more likely to occur in rodents than they are to occur in
people. As such, the effects on the liver observed in the critical study reviewed here are likely not
relevant to humans.

Other studies have demonstrated associations between other long-chain PFAS and birth weight and
development, both in humans and research animals.! The evidence in animals and limited evidence in
humans suggests that PFUnA may have consistent effects to these other PFAS. Related developmental
effects have been observed in research animals, including delays in hormone and motor development,
though these effects have either not been seen or not been studied for PFUnA.!

Standard Selection
DHS recommends an enforcement standard of 3 pg/L for PFUnA.

There are no federal numbers and no state drinking Basis for Enforcement Standard

water standard for PFUnA. Additionally, the EPA has O Federal Number
not evaluated the carcinogenicity or established an ADI O Cancer Potential
(oral reference dose) for PFUnA. [0 EPA Acceptable Daily Intake
M Technical information
HOWGVEF, we found a 2014 study that evaluated the e

toxicity of PFUNA in rats.? In calculating the ADI as specified in s. 160.13, Wisc. Statute, DHS used the
NOAEL based on adverse effects on birth weight and body weight gain in pups, because low birth weight
has been demonstrated to increase risk of newborn mortality and increase the risk for other diseases
later in life, such as diabetes, cardiovascular diseases, and asthma.?* Further, a human study has
demonstrated that there may be an association between PFUNnA and birth weight and weight gain.® As
described above, we obtained an ADI of 0.0003 mg/kg-d (300 ng/kg-d) as described above. To determine
the recommended enforcement standard, DHS used the ADI, and, as required by Ch. 160, Wis. Stats., a
body weight of 10 kg, a water consumption rate of 1 L/d, and a relative source contribution of 100%.

DHS recommends a preventive action limit of 0.6 pg/L for PFUnA.

DHS recommends that the preventive action limit for PFUnA be set at 20% of the enforcement standard
because PFUNA has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive effects
in people or research animals.!
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Appendix A. Toxicity Data

Table A-1. PFUnA Toxicity Studies from Literature Review

Study Type Species Duration Doses Endpoints Toxicity Value Reference
(mg/kg-d) (mg/kg-d)
Short-Term Sprague- 42 days 0.1,0.3,1.0 Gavage Liver cell damage NOAEL: 0.1 Takahashi et al.,
Dawley 2014 @
Rats
Developmental Sprague- 14d pre- 0.1,0.3,1.0 Gavage Reduced body weight at birth NOAEL: 0.3 Takahashi et al.,
Dawley mating to day and weight gain at day four 2014 @
Rats 4 of lactation
(41-46 days)
NOAEL: No observed adverse effect level
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Table A-2. Critical Study Selection for PFUnA

Appropriate Effects consistent Effects relevant to Toxicity value
Reference duration? with other studies? humans? Number of Doses identifiable? Critical study?
Takahashi et al., 2014 @ v v 4 3 v Yes

To be considered a critical study, the study must be of an appropriate duration (at least 28 days or exposure during gestation), have identified effects that are consistent with
other studies and relevant for humans, have evaluated more than one dose, and have an identifiable toxicity value.
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Table A-3. Recent PFUnA Epidemiological Studies from Literature Review

Study Type

Population

Exposure

Outcomes

Results

Other PFAS

Reference

Cohort

223 Taiwanese
mothers and
children

2000-2001

Third trimester maternal

serum PFAS
concentrations

Fetal and postnatal
growth

In females, increased prenatal
PFUNA was associated with
decreased birth weight (-0.06 kg
per In-unit increase in
concentration, 95% Cl -0.11, -
0.01) and increased odds of small
for gestational age (OR 1.83, 95%
Cl11.01, 3.32). Likewise, higher
PFUnA concentrations were
associated with decreased weight
and height during childhood in
females.

Studied

PFOA, PFNA, PFDA,
PFDoA

Wang et al., 2016
(8)

Cross-sectional

1016 Swedish adults
> 70 years

2001-2004

Plasma PFAS
concentrations

Carotid artery
atherosclerosis

PFUNA was significantly
associated with the intima-media
complex (a marker of lipid
infiltration in arteries) and odds of
carotid plaque in women (OR
1.59, 95% Cl 1.03-2.43)

PFHpPA, PENA, PFDA,
PFHxS, PFOS, PFOA,
PFOSA

Lind et al., 2017
(10)

Cross-sectional

10,859 individuals
from NHANES

1999-2014

Serum PFAS
concentrations

Cardiovascular
disease, congestive
heart failure,
coronary heart
disease, angina
pectoris, heart
attack, and stroke.

PFUNA was significantly
associated with elevated odds of
total cardiovascular disease (Q4 vs
Q1 OR 1.47,95% Cl 1.07-2.04; p
for trend 0.011) and coronary
heart disease (OR 2.02, 95% CI
1.36-3.00).

PFOA, PFOS, PFHxS,
PFDA, PFHpA,
PFOSA, PFNA,

PFDoA

Huang, 2018 ©

Cohort

801 Swedish adults >
70 years

2001-2004

Plasma PFAS
concentrations

Left ventricular
geometry

PFUNA concentrations were
negatively related to lower
relative wall thickness and higher
left ventricular end-diastolic
volume.

PFHpA, PFHXS,
PFOS, PFDA, PFOSA

Mobacke, 2018
(35)

Cohort

641 children from
Norway

1992-1993

Cord blood plasma PFAS

concentrations

Obstructive airway
disease, atopic
dermatitis, allergic
sensitization,

PFUNA concentrations were
associated with more episodes of
common cold (0-2 years) and
lower respiratory tract infections
(0-10 years). PFUnA

PFOS, PFOA, PFOSA,
PFHXS, PFNA

Impinen, 2018 (12

PFUNA
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respiratory tract
infections

concentrations were also
associated with higher odds for
wheeze before 3 years (OR 1.34,
95% ClI 1.01, 1.77), but lower odds
of reduced lung function at birth
(OR:0.49, 95% Cl: 0.26, 0.92).

Cohort

792 Norwegian
mother-child pairs

Asthma, allergic
conditions,
infections

PFUNA was inversely associated
odds of asthma, wheeze, and
atopic eczema.

PFOS, PFOA, PFHXS,
PFNA, PFHpS

Impinen, 2019 13

Cross-sectional

674 women giving
birth in Shanghai
hospitals

Hypertensive
disorders of
pregnancy (HDP):
gestational
hypertension and
preeclampsia

PFUNA was most strongly
negatively associated with
preeclampsia in an elastic net
regression model.

PFOS, PFNA, PFHXS,
PFBS, PFOA, PFDA,
PFDoA

Huang, 2019 9

Cross-sectional

2975 individuals
from NHANES

1999-2008 Maternal plasma PFAS
levels during pregnancy
2011-2012 Umbilical cord blood
plasma PFAS
concentrations
2007-2014 Serum PFAS

concentrations

Metabolic syndrome

PFUNA was associated with a
decreased risk of metabolic
syndrome (OR 0.69, 95% CI 0.54-
0.88 for linear model)

PFDA, PFOS, PFOA,
PFHXS, PFNA

Christensen,
2019 30

Epidemiologic terms: OR=0dds ratio; AOR=adjusted odds ratio; RR=relative risk; 95% Cl=95% confidence interval; r=Spearman correlation coefficient; B=regression coefficient
PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFDoA=perfluorododecanoic
acid, PFTriA=perfluorotetradecanoic acid, PFHxDA=perfluorohexadecanoic acid, PFHxS=perfluorohexane sulfonate, PFOS=perfluorooctane sulfonic acid,
PFDS=perfluorodecanesulfonate, PFBS=perfluorobutane sulfonate, PFBA=perfluorobutanoic acid, PFPeA=perfluoropentanoic acid, PFHxA=perfluorohexanoic acid,
PFHpA=perfluoroheptanoic acid, 6:2 FTSA=6:2 fluorotelomer sulfonates, NMeFOSAA=N-methyl perfluorooctanesulfonamidoacetate, EPAH=2-(N-ethyl-perfluorooctane
sulfonamido)acetate, MPAH=2-(N-methyl-perfluorooctane sulfonamido) acetate, PFSA=perfluorooctane sulfonamide; PFHpS=perfluoroheptane sulfonic acid; PFDS=

perfluorodecane sulfonic acid; EtPFOSAA= 2-(Nethyl-perfluorooctane sulfonamido) acetic acid
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PFBS | 2020

Substance Overview

Perfluorobutanesulfonic acid® (PFBS) is a chemical in a group of contaminants called per- and
polyfluoroalkyl substances (PFAS). PFAS are manmade chemicals that have been used in industry and
consumer products since the 1940s. Because of their unique physical and chemical properties, PFAS can
be found in a variety of commercial products such as paper and textile coatings, food packaging,
surfactants, repellants, and fire-fighting foams.'? Because PFBS has been shown to stay in the human
body for significantly less time than other PFAS, it has been widely used as a substitute compound for
longer-lasting PFAS.3®

Recommendations

Wisconsin does not currently have an NR140 Groundwater
Current Standards

Quality Public Health Enforcement Standard for PFBS. DHS

Enforcement Standard: N/A

recommends an enforcement standard of 450 micrograms . . -

) ) Preventive Action Limit: N/A
per liter (ug/L) for PFBS. The recommended standard is Year: N/A
based on a study that found that PFBS can increase body
weight in female mice and cause kidney damage in male Recommended Standards

H 6

and female mice. Enforcement Standard: 450 pg/L
DHS recommends that the preventive action limit for PFBS Preventive Action Limit: 90 pg/L

|
be set at 20% of the enforcement standard because PFBS

has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive effects in people,
research animals, or cell culture studies.

Health Effects

Studies among people exposed to high levels of PFAS have shown that PFBS can increase the risk of
total® cardiovascular disease; infertility and high blood pressure disorders in pregnant women, including
preeclampsia; and asthma in male children.”° Studies in research animals found that high levels of PFBS
can cause damage to the liver and kidneys, alter blood chemistry and thyroid hormone levels, and affect
development.®!13 PFBS has not been shown to cause carcinogenic, mutagenic, teratogenic, or

2 This scientific support document and the included groundwater standard recommendations also apply to anion
salts of perfluorobutanesulfonic acid.

b Total cardiovascular disease includes congestive heart failure, coronary artery disease, angina pectoris, heart
attack, and stroke.
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interactive effects in people, research animals, or cell culture studies.© The EPA has not evaluated the
carcinogenicity of PFBS.%4

Chemical Profile

PFBS
Structure: R FR F
F J
/7 ~oH
F FF FO
CAS Number: 375-73-5
Formula: C4HF03S
Molar Mass: 300.09 g/mol
Synonyms: Nonafluorobutanesulphonic acid

1-Butanesulfonic Acid, nonafluoro-
1-Butanesulfonic acid, 1,1,2,2,3,3,4,4,4-nonafluoro-
1,1,2,2,3,3,4,4,4-Nonafluorobutane-1-sulfonic acid
C4 Sulfonate

1-Perfluorobutanesulfonic acid

FC-98

Exposure Routes

PFAS, including PFBS, can be released directly into the environment during the manufacture and use of

PFAS and can be found in water or soil. PFAS can move between groundwater and surface water. Once

in water, PFAS can travel long distances.>*

People can be exposed to PFAS by drinking water, eating food, and breathing in or accidentally

swallowing soil or dust containing PFAS.

Current Standard

Wisconsin does not currently have groundwater standards for PFBS.*®

¢ Carcinogenic effects means the substance can cause cancer; mutagenic effects means the substance can cause
DNA damage; teratogenic means the substance can cause birth defects; and interactive effects mean the
substance can affect the toxicity of another substance or its toxicity can be affected by another substance.
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Standard Development

Federal Numbers

Maximum Contaminant Level: N/A
Health Advisory: N/A
Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard
NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake
Draft EPA Oral Reference Doses: 0.04 mg/kg-d Subchronic
0.1 mg/kg-d Subchronic
0.01 mg/kg-d Chronic
0.01 mg/kg-d Chronic
Oncogenic Potential
EPA Cancer Slope Factor: N/A
Guidance Values
ATSDR Oral Minimum Risk Level: N/A
Literature Search
Literature Search Dates: 1900-2019
Total studies evaluated: Approximately 100
Key studies found? Yes
Critical studies identified? Yes

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for PFBS."
Health Advisory

The EPA has not established health advisories for PFBS.*®
Drinking Water Concentration (Cancer Risk)

The EPA has not established drinking water concentration based on a cancer risk determination for
PFBS.'

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.
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NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for PFBS.%°

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Information System (IRIS) program.

Draft EPA Oral Reference Doses

In 2018, the EPA issued draft subchronic and chronic oral reference doses for PFBS (Table 1; note that
K*PFBS, or potassium perfluorobutane sulfonate, is the related salt of PFBS and is considered the same
as PFBS for the purposes of this document)?®.

Table 1. Summary of draft EPA candidate oral references doses for K‘PFBS
Oral toxicity

RS Critical effect Study Type Study Reference dose
Subchronic Thyroid Gestational Fengetal, 2017  0.04 mg/kg-d
exposure
. . Two-generation Lieder et al.,
Subchronic Kidney reproductive 5009b¢ 0.1 mg/kg-d
Chronic Thyroid Gestational Fengetal, 2017  0.01 mg/kg-d
exposure
. . Two-generation Lieder et al.,
Chronic Kidney reproductive 5009b° 0.01 mg/kg-d

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, we must recommend an enforcement
standard that corresponds to a level that would result in a cancer risk equivalent to 1 case of cancer in
1,000,000 people. DHS must also set the standard at this level if the EPA has an ADI but using it to set
the groundwater standard would result in a cancer risk that is greater than 1 in 1,000,000.

d See the Critical Study section below for more details on these studies.
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To evaluate the oncogenic potential of PFBS, we looked to see if the EPA, the International Agency for
Research on Cancer (IARC), or another agency has classified the cancer potential of PFBS. If so, we look
to see if EPA or another agency has established a cancer slope factor.

Cancer Classification

The EPA and International Agency for Research on Cancer (IARC) have not evaluated the carcinogenicity
of PFBS.142!

EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for PFBS.'

Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information not considered when the value was established that
indicates a different value is more appropriate.

To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For PFBS, we searched for values that been published before or during September 2019. We did not find
any relevant guidance values for PFBS.

Literature Search

Our literature review focused on relevant scientific literature on the health effects of PFBS published
before or during September 2019. We looked for studies related to PFBS toxicity or effects on a disease
state in which information on exposure or dose was included as part of the study.® Ideally, relevant
studies used in vivo (whole animal) models and provided data for multiple doses over an exposure
duration proportional to the lifetime of humans.

Approximately 100 toxicity studies were returned by the search engines. We excluded studies on non-
mammalian or cell systems, non-oral exposure routes, and those that did not evaluate health risks from
further review. After applying these exclusion criteria, we located four key toxicity studies on PFBS

e We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’” Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: PFBS or “Perfluorobutanesulfonic acid” or “Perfluorobutane sulfonate”

Subject area: toxicology

Language: English
We also searched online for toxicity studies published by national research programs.
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(summarized in Table A-1). To be considered a critical toxicity study, the study must be of an appropriate
duration (at least 28 days or exposure during gestation), have identified effects that are consistent with
other studies and relevant for humans, have evaluated more than one dose, and have an identifiable
toxicity value.”® Three studies met the criteria to be considered a critical toxicity study (see Table A-2).

In our search, we also located a handful of epidemiology studies (See Table A-3 for a summary). While
multiple potential exposure sources and the ability for other PFAS compounds to cause similar health
effects preclude using these data to establish a health-based value, such studies are helpful in
identifying the critical effects and ensuring that the animal data used to establish the standard are
relevant to people.

Critical Toxicity Studies

To compare between results from recently found studies and the study used to set the current
enforcement standard, we calculated an acceptable daily intake (ADI) for each study/effect. The ADI is
the estimated amount of PFBS that a person can be exposed to every day and not experience health
impacts. As such, we calculated ADI by dividing a toxicity value from either a no-observed adverse effect
level (NOAEL), lowest observed adverse effect level (LOAEL), or benchmark dose lower confidence level
(BMDL) identified in a study by a factor accounting for various sources of scientific uncertainty."
Uncertainty factors were included, as appropriate, to account for differences between humans and
animals, differences between healthy and sensitive human populations, using data from short-term
experiments to protect against effects from long-term exposure, and using data where a health effect
was observed to estimate the level that does not cause an effect. To ensure appropriate protection, we
have chosen to not use studies that have significant uncertainty as the basis for the recommended
enforcement standards.' This approach is consistent with that taken by EPA when establishing oral
reference doses.??

Feng et al., 2017

Feng et al. exposed female mice to different concentrations of PFBS (0, 50, 200, and 500 milligrams of
PFBS per kilogram body weight per day or mg/kg-d) through gavage during pregnancy (gestation days 1

f Appropriate toxicity values include the no observable adverse effect level (NOAEL), lowest observable adverse
effect level (LOAEL), and benchmark dose (BMD).

g Due to the limited availability of data for this substance, we considered a study to have a duration appropriate
for review if animals were exposed for at least 28 days or if the exposure occurred during pregnancy. We
accounted for differences in exposure duration through the use of an uncertainty factor.

h The NOAEL is the highest dose tested that did not cause an adverse effect, the LOAEL is the lowest dose tested
that caused an adverse effect, and the BMDL is the lower limit of a one-sided 95% confidence interval established
using benchmark dose modeling. Benchmark dose modeling is considered the state of the science for establishing
health-based values like an acceptable daily intake. Benchmark dose modeling takes account of all of the data for a
particular effect from a particular experiment, allows for increased consistency, and can better account for
statistical uncertainties.?%2426

i DHS considers a study to have significant uncertainty if the total uncertainty factors is greater than 3,000.
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through 20).1% The researchers evaluated the health of the exposed animals and that of their female
offspring. They found that PFBS affected thyroid hormone levels in mothers and thyroid hormone levels,
perinatal growth, pubertal onset, and reproductive organ development in offspring (Table 2).

Table 2. Statistically Significant Effects Observed in Feng et al., 2017 (*?)
Dose (mg/kg-d)

Effects observed in dams 50 200 500

Endocrine Lower serum triiodothyronine (T3) v v
Lower serum and free thyroxine (T4) v v
Higher serum thyroid-stimulating hormone (THS) v v

Dose (mg/kg-d)

Effects observed in offspring 50 pLo 0] 500

Growth Lower body weight

Development Delayed eye opening

Delayed vaginal opening

Delayed first estrous

Lower relative ovarian weight

Lower relative uterine weight

Fewer follicles per ovary

Decreased uterine thickness

Prolonged diestrus stage
Endocrine Lower serum estrogen

Higher serum luteinizing hormone

Lower serum progesterone

Lower serum triiodothyronine (T3)

Lower serum thyroxine (T4)

e N N T N
ASIEN IS NSRS NN NN NN N

From this study, we identified a No Observable Adverse Effect Level (NOAEL) of 50 mg/kg-d based on
effects on growth, development, and endocrine parameters at higher doses. We estimated a candidate
ADI of 0.050 mg/kg-d PFBS from this study based on the NOAEL and a total uncertainty factor of 1000 to
account for differences between people and research animals (10), differences among people (10), and
the limited availability of information (10).

Lieder et al., 2009a

Lieder et al. exposed male and female rats to different concentrations of PFBS (0, 60, 200, and 600
mg/kg-d PFBS) through gavage for 90 days.® They found that PFBS caused clinical toxicity, altered organ
weights, and affected the blood and liver (Table 3). They also found that PFBS increased the incidence of
lesions in the nasal cavity at 200 and 600 mg/kg-d in both sexes and caused hyperplasia of kidney
epithelial cells and necrosis of stomach epithelial cells at 600 mg/kg-d in both sexes.

Table 3. Statistically Significant Effects Observed in Lieder et al., 2009a
Dose (mg/kg-d)
Effects observed in males 60 200 600
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Spleen Lower spleen weight * * *
Blood Lower blood hemoglobin v v
Lower blood hematocrit v v
Higher serum chloride values \
Lower red blood cell counts v
Clinical Red perioral substance v
observations Urine-stained abdominal fur v
Dose (mg/kg-d)
Effects observed in females 60 200 600
Blood Higher mean corpuscular hemoglobin concentration &
Liver Lower serum total protein v
Lower serum albumin v

* The authors did not consider this finding to be biologically meaningful or related to PFBS-treatment (see Lieder et
al., 2009a for more details).*3

From this study, we identified a NOAEL of 60 mg/kg-d based on clinical effects and effects on the blood.
We estimated a candidate ADI of 0.020 mg/kg-d PFBS from this study based on the NOAEL and a total
uncertainty factor of 3000 to account for differences between people and rodents (10), differences
among people (10), use of a shorter duration study to protect against effects from long-term exposure
(3), and the limited availability of information (10).

Lieder et al., 2009b

Lieder et al. also conducted a two-generation study in which they exposed male and female rats to
different concentrations of PFBS (0, 30, 100, 300, and 1000 mg/kg-d PFBS) through gavage for 10
weeks.® In this study, second-generation pups were not directly dosed but were studied through three
weeks after birth. They found that PFBS exposure affected liver weight in parental generation males and
body weight and onset of preputial separation in first generation males (Table 4). In addition to these
statistically significant findings, among both parental and first generations, PFBS caused higher incidence
of adaptive hepatocellular hypertrophy in males and microscopic findings in the medulla and papilla of
the kidney in males and females at 300 and 1000 mg/kg-d.

Table 4. Statistically Significant Effects Observed in Lieder et al., 2009b (°)
Dose (mg/kg-d)

Effects observed in parental generation 30 100 300 1000
Liver Increased absolute and relative liver weight (males) v v
Brain Decreased absolute brain weight (males) *

Decreased absolute brain weight (females) v

*

Reproduction  Lower testicular sperm count

Dose (mg/kg-d)

Effects observed in first generation pups 100 300 1000
Growth Higher terminal body weight (females) v v v v
Higher body weight at GD 21 (females) v v
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Delayed preputial separation (males) * *

Lower terminal body weight (males) v
Spleen Increased absolute spleen weight (females) * * *
Development  Lower pup survival at PND 4 (viability index) *

Lower pup survival at PND 21 (lactation index) * *
Reproduction  Higher proportion of abnormal sperm cells *

Lower absolute weight of seminal vesicles with and *

without fluid

Prolonged diestrus (>6 days) * *
Liver Increased relative liver weight (males) v

: Dose (mg/kg-d)

Effects observed in second generation pups 30 100 300 1000
Development  Lower pup survival at PND 21 (lactation index) *

GD = gestation day; PND = postnatal day

* The authors did not consider this finding to be biologically meaningful or related to PFBS-treatment (see Lieder et
al., 2009b for more details).®

In 2018, the Minnesota Department of Health established a benchmark dose lower confidence level
(BMDL) of 45 mg/kg-d based on this study. 2> We estimated a candidate ADI of 0.045 mg/kg-d PFBS from
this study based on the BMDL established by the Minnesota Department of Health and a total
uncertainty factor of 1,000 to account for differences between humans and research animals (10),
differences among people (10), and the limited availability of information (10).

Key Health Effects

We did not find any studies indicating that PFBS can cause carcinogenic, mutagenic, teratogenic, or
interactive effects in people, research animals, or cell culture studies.

Discussion

While information about the health effects of PFBS exposure is limited, studies in research animals
indicate that PFBS can affect health. These studies indicate that high levels of PFBS can affect male and
female reproductive systems, impact growth and development (e.g., body weight), affect hormone
levels and other components of the blood, cause liver and kidney damage and a variety of clinical
effects.®'%13 Studies among people exposed to high levels of PFAS have shown that PFBS can increase
the risk of total cardiovascular disease’; infertility and high blood pressure disorders in pregnant women,

including preeclampsia; and asthma in male children.”1°

Other studies have demonstrated associations between other long-chain PFAS and birth weight and
development, both in humans and research animals.> Evidence in animals suggests that PFBS may have

i Total cardiovascular disease includes congestive heart failure, coronary artery disease, angina pectoris, heart
attack, and stroke.
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consistent effects to these other PFAS, including developmental delays and abnormal birth weights and
hormone levels.®!? Related developmental effects have been observed in research animals, including
delays in motor development, though these effects have not been observed or studied for PFBS.>

In the 2009b, Lieder et al., critical study, the researchers found that PFBS increased body weight in
female mice.® Other PFAS have been shown to affect body weight.> Newer studies among people
suggest that PFAS may cause or contribute to weight gain and obesity.?*3* Some of these studies among
both sexes showed increases in body weight among females only, or stronger weight gain associations

among females when compared to males.?”:30:31,33

A number of studies have demonstrated that liver effects caused by PFAS, like PFBA, occur primarily
through activation of the nuclear hormone receptor, PPARa (peroxisome proliferator-activated receptor
alpha).®* Nuclear receptors regulate gene expression and PPARa regulates the expression of genes
involved in lipid and cholesterol metabolism.* While PPARa receptors are found in rodents and humans,
levels of these receptors are much higher in rats and mice than in monkeys and humans.*® This means
that effects caused by activation of PPARa are more likely to occur in rodents than they are to occur in
people. As such, the effects on the liver observed in the critical studies reviewed here are likely not
relevant to humans.

Standard Selection
DHS recommends an enforcement standard of 450 ug/L for PFBS.

There are no federal numbers and no state drinking Basis for Enforcement Standard

water standard for PFBS. Additionally, the EPA has not O Federal Number
evaluated the carcinogenicity or established an ADI O Cancer Potential
(oral reference dose) for PFBS. [0 EPA Acceptable Daily Intake
M Technical information
HOWeVer, we found several critical studies eVaIUating ]

the toxicity of PFBS. To calculate the ADI as specified in s. 160.13, Wisc. Statute, DHS selected the two-
generation study by Lieder et al. as the critical study due to its robust two-generational design.® We used
the BMDL established by the Minnesota Department of Health and a total uncertainty factor of 1000 to
obtain an ADI of 0.045 mg/kg-d as described above. To determine the recommended enforcement
standard, DHS used the ADI, and, as required by Ch. 160, Wis. Stats., a body weight of 10 kg, a water
consumption rate of 1 L/d, and a relative source contribution of 100%.

DHS recommends a preventive action limit of 90 pg/L for PFBS.

DHS recommends that the preventive action limit for PFBS be set at 20% of the enforcement standard
because PFBS has not been shown to cause carcinogenic, mutagenic, teratogenic, or interactive effects
in people, research animals, or cell culture studies.
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Appendix A. Toxicity Data

Short-Term Mouse 28d K* PFBS

PFBS reduced plasma triglycerides, very low
density lipoprotein-cholesterol, hepatic lipase
activity, liver cholesteryl esters, liver free
cholesterol, plasma glycerol, plasma cholesteryl
ester transfer protein.

NOAEL: N/A
LOAEL: 30

Bijland et al.,
2011 (1)

Reproduction/  Mouse Gestation K* PFBS
development days 1-20

0, 50, 200, Gavage
500

At 200 and 500 mg/kg-d, PFBS decreased body
weight, delayed eye opening, and affected
reproductive development in females by
delaying vaginal opening, reducing the size of
the ovaries and uterus, delaying menstruation
time, and altering hormone levels.

NOAEL: 50
LOAEL: 200

Fengetal.,
2017 (13

Sub-chronic Rat 90d K* PFBS

0, 60, 200, Gavage
600

At the highest dose, PFBS caused red perioral
substance, urine-stained abdominal fur,
increased chloride values, and reduced red
blood cells in males; reduced total protein and
albumin values in females; and histological
changes in the stomach and kidney in both
sexes. At 200 and 600 mg/kg-d, PFBS caused
lower blood hemoglobin and hematocrit in
males.

NOAEL: 60
LOAEL: 200

Lieder et al.,
2009a (1)

Reproduction/ Rat 2 K* PFBS
development generations

0, 30, 100, Gavage
300, 1000

At the highest dose, PFBS caused decreased
absolute brain weight among females and lower
terminal body weight in males. At 300 and 1000
mg/kg-day, PFBS caused increased absolute and
relative liver weight in males. At all doses, PFBS
caused higher terminal body weight in females.

NOAEL: N/A
LOAEL: 30

Lieder et al.,
2009b (°)

K+ PFBS = potassium salt of perfluorobutanesulfonate
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Table A-2. Critical Study Selection for PFBS

Appropriate Effects consistent Effects relevant to Toxicity value
Reference duration? with other studies? humans? Number of Doses identifiable? Critical study?
Bijland et al., 2011 v v v 1 v
12
Feng et al., 2017 v v v 3 v
Lieder et al., 2009a®3 v v v 3 v
Lieder et al., 2009b® v v v a v

To be considered a critical study, the study must be of an appropriate duration (at least 28 days or exposure during gestation), have identified effects that are consistent with
other studies and relevant for humans, have evaluated more than one dose, and have an identifiable toxicity value.
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Table A-3. PFBS Epidemiological Studies from Literature Review

Study Type

Population

Time period

Exposure

Outcomes

Results

Other PFASs

Reference

analyzed

lowest quartile): 2.59,
95% Cl: 1.14, 5.87

No significant
associations among
females detected

Cross-sectional  U.S. 1999-2014 PFBS concentrations in Total cardiovascular Total CVD AOR (core PFOA, PFOS, PFHXS, Huang et al., 2018
population blood serum disease (CVD), including  model): 1.34, 95% Cl: EPAH, MPAH, PFDE, ()
(NHANES) congestive heart failure, 1.05-1.72, PFHP, PFNA,
coronary heart disease, p=0.0193 PFSA, PFUA, PFDO
chest pain,
heart attack, stroke
Cross-sectional  Chinese 2011-2012 PFBS concentrations in Preeclampsia Preeclampsia AOR: PFHxS, PFUNA Huang et al., 2019
women umbilical cord plasma 1.81, 95% ®
Cl: 1.03-3.17
Overall hypertensive Overall HDP AOR: 1.64,
disorders of pregnancy 95% Cl:
(HDP) 1.09-2.47
Case-control Chinese 2014-2015 PFBS concentrations in Endometriosis-related Second vs. lowest PFHpA, PFHxS, PFNA  Wang et al., 2017
reproductive- blood plasma infertility tertile: OR=3.74, 95% ®)
age women Cl: 2.04, 6.84
Highest vs. lowest
tertile: OR=3.04, 95%
Cl: 1.65, 5.57
Cross-sectional  Taiwanese 2009-2010 PFBS concentrations in Asthma Asthma AOR among PFOS, PFOA, PFDA, Zhu et al., 2016
children blood serum males (highest vs. PFHxS, PFNA (19

Epidemiologic terms: OR=0dds ratio; AOR=adjusted odds ratio; RR=relative risk; 95% Cl=95% confidence interval; r=Spearman correlation coefficient; B=regression coefficient
PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFDoA=perfluorododecanoic
acid, PFTriA=perfluorotetradecanoic acid, PFHxDA=perfluorohexadecanoic acid, PFHxS=perfluorohexane sulfonate, PFOS=perfluorooctane sulfonic acid,
PFDS=perfluorodecanesulfonate, PFBS=perfluorobutane sulfonate, PFBA=perfluorobutanoic acid, PFPeA=perfluoropentanoic acid, PFHxA=perfluorohexanoic acid,
PFHpA=perfluoroheptanoic acid, 6:2 FTSA=6:2 fluorotelomer sulfonates, NMeFOSAA=N-methyl perfluorooctanesulfonamidoacetate, EPAH=2-(N-ethyl-perfluorooctane
sulfonamido)acetate, MPAH=2-(N-methyl-perfluorooctane sulfonamido) acetate, PFSA=perfluorooctane sulfonamide; PFHpS=perfluoroheptane sulfonic acid; PFDS=
perfluorodecane sulfonic acid; EtPFOSAA= 2-(Nethyl-perfluorooctane sulfonamido) acetic acid

PFBS
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PFHXxS | 2020

Substance Overview

Perfluorohexanesulfonic acid (PFHxS) is a chemical in a group of contaminants called per- and
polyfluoroalkyl substances (PFAS). PFHxS has been used as a replacement of perfluorooctanesulfonic
acid (PFOS) and perfluorooctanoic acid (PFOA) in some industrial and commercial products like
firefighting foam, stain repellants, and packaging.! PFAS with long carbon chains, like PFHxXS, cannot be
easily broken down and excreted from the body and they can persist in the environment and in the
human body for long periods of time.?

Recommendations

Wisconsin does not currently have an NR140 Groundwater
|

Quality Public Health Enforcement Standard for PFHxS. DHS Current Standards

recommends an enforcement standard of 40 nanograms Enforcement Standard: N/A

per liter (ng/L) for PFHXS. The recommended standard is Preventive Action Limit: N/A

based on a chronic reference dose developed from a study Year: N/A

that found that PFHXS can cause reproductive toxicity in

research animals.2 Recommended Standards
Enforcement Standard: 40 ng/L

DHS recommends that the preventive action limit for PFHxS
Preventive Action Limit: 4 ng/L
|

has been shown to cause interactive effects with endocrine disrupting chemicals in research animals.?

Health Effects

Studies among people have shown that high levels of PFHxS can decrease immune response to vaccines

be set at 10% of the enforcement standard because PFHxS

and may increase the risk of osteoarthritis and asthma.! Studies in research animals have found that
high levels of PFHxS can damage the liver and alter cholesterol levels and may impact fertility and
neurological function.>”®

Limited information is available about the carcinogenic, mutagenic, teratogenic, and interactive effects
of PFHxS.? The United States Environmental Protection Agency (EPA) and the International Agency for
Research on Cancer (IARC) have not assessed the carcinogenicity of PFHxS. However, a study in human
cells found PFHxS caused DNA damage.® Limited studies in animals exposed to high levels of PFHxS

a Carcinogenic effects means the substance can cause cancer; mutagenic effects means the substance can cause
DNA damage; teratogenic means the substance can cause birth defects; and interactive effects mean the
substance can affect the toxicity of another substance or its toxicity can be affected by another substance.
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during pregnancy did not see effects on the development of unborn babies. In a recent developmental
study in rats, researchers found that exposure to both PFHxS and a mixture of endocrine disrupting
chemicals significantly increased nipple retention in male offspring indicating that PFHxS may cause
interactive effects.’

Chemical Profile

PFHXS
Structure: F FFEFEFFOQO O
\V/4
F S\
OH
FF FFFF
CAS Number: 355-46-4
Formula: CsHF1303S
Molar Mass: 400.11 g/mol
Synonyms: Perfluorohexanesulfonic acid

Tridecafluorohexane-1-sulfonic acid
Perfluorohexane-1-sulphonic acid
1,1,2,2,3,3,4,4,5,5,6,6,6-tridecafluoro-1-
Hexanesulfonic acid
tridecafluoro-1-Hexanesulfonic acid
1-Perfluorohexanesulfonic acid
Tridecafluorohexanesulfonic acid
EC 206-587-1

Exposure Routes

People can be exposed to PFHxS by drinking contaminated water, swallowing contaminated soil, eating
food that was packaged in material that contains PFHxS, consuming fish from contaminated waters, and
breathing in or swallowing dust that contains PFHxS.2° Babies born to mothers exposed to PFHxS can
themselves be exposed to the substance during pregnancy and during breastfeeding.t%!2

In the environment, PFHXS can be found in water or soil from its manufacturing and use in consumer
products and fire-fighting foam.'® PFHxS can stay in the environment for a long time (years).! PFHxS can
move between groundwater and surface water. Once in groundwater, PFHxS can travel long distances.!

Current Standard

Wisconsin does not currently have groundwater standards for PFHxS.
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Standard Development

Federal Numbers

Maximum Contaminant Level: N/A

Health Advisory: N/A

Drinking Water Concentration (Cancer Risk): N/A
State Drinking Water Standard

NR 809 Maximum Contaminant Level: N/A
Acceptable Daily Intake

EPA Oral Reference Dose: N/A
Oncogenic Potential

EPA Cancer Slope Factor: N/A
Guidance Values

ATSDR Chronic Oral Minimum Risk Level: 0.00002 mg/kg-d  (2016)

Literature Search

Literature Search Dates: 2000 -2019

Key studies found? Yes

Critical studies identified? Yes

Federal Numbers

Chapter 160, Wis. Stats., requires that DHS use the most recent federal number as the recommended
enforcement standard unless one does not exist or there is significant technical information that was
not considered when the federal number was established and that indicates a different number should
be used.

Maximum Contaminant Level

The EPA does not have a maximum contaminant level for PFHxS.*
Health Advisory

The EPA has not established health advisories for PFHxS.*®
Drinking Water Concentration (Cancer Risk)

The EPA has not established a drinking water concentration based on a cancer risk level determination
for PFHxS.1®

State Drinking Water Standard

Chapter 160, Wis. Stats., requires that DHS use a state drinking water standard as the recommended
enforcement standard if there are no federal numbers and a state drinking water standard is available.
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NR 809 Maximum Contaminant Level

Wisconsin does not have a drinking water standard for PFHxS.%”

Acceptable Daily Intake

If a federal number and a state drinking water standard are not available, ch. 160, Wis. Stats., requires
that DHS use an acceptable daily intake (ADI) from the EPA to develop the recommendation. Statute
allows DHS to recommend a different value if an ADI from the EPA does not exist or if there is significant
technical information that is scientifically valid, was not considered when the federal ADI was set, and
indicates a different number should be used. The EPA provides ADIs, termed oral reference doses, as
part of a health advisory, human health risk assessment for pesticides, or for use by the Integrated Risk
Information System (IRIS) program.

EPA Oral Reference Dose

The EPA does not have an oral reference dose for PFHxS.*®

Oncogenic Potential

Chapter 160, Wis. Stats., requires that DHS evaluate the oncogenic (cancer-causing; carcinogenic)
potential of a substance when establishing the groundwater standard. If we determine that something is
carcinogenic and there is no federal number or ADI from the EPA, then we must set the standard at a
level that would result in a cancer risk equivalent to 1 case of cancer in 1,000,000 people. DHS must also
set the standard at this level if the EPA has an ADI but using it to set the groundwater standard would
result in a cancer risk that is greater than 1 in 1,000,000.

To evaluate the oncogenic potential of PFHxS, we looked to see if the EPA, IARC, or another agency has
classified the cancer potential of PFHXS. If so, we look to see if EPA or another agency has established a
cancer slope factor.

Cancer Classification
The EPA and IARC have not evaluated the carcinogenicity of PFHxS.19
EPA Cancer Slope Factor

The EPA has not established a cancer slope factor for PFHxS.1®

Additional Technical Information

Chapter 160, Wis. Stats., allows DHS to recommend a value other than a federal number or ADI from the
EPA if there is significant technical information that was not considered when the value was established
and indicates a different value is more appropriate.
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To ensure the recommended groundwater standards are based on the most appropriate scientific
information, we search for relevant health-based guidance values from national and international
agencies and for relevant data from the scientific literature.

Guidance Values

For PFHxS, we searched for any guidance values that had been published on or before the date of the
present review (July 2019). We found a relevant guidance value from the Agency for Toxic Substances
and Disease Registry (ATSDR).

ATSDR Intermediate Oral Minimum Reference Level (Draft)

In 2018, the ATSDR released a draft Toxicological Profile for Perfluoroalkyls.? In this Profile, they
recommended an intermediate oral minimum risk level of 20 ng/kg-d for PFHxS.?

The ATSDR evaluated four studies on PFHXS toxicity in research animals (see Table A-1 for a summary of
these studies). They selected a 2009 study by Butenhoff et al. as the critical study.® In this study, male
and female rats were exposed to different concentrations of PFHxS (0, 0.3, 1, 3, and 10 milligrams per
kilogram per day or mg/kg-d) prior to mating, during mating, pregnancy, and lactation through gavage.
The researchers did not observe any effects on reproduction or development nor did they observe any
treatment-related effects in dams or offspring. They found that PFHxS reduced serum total cholesterol
at all doses. It increased liver-to-body weight and liver-to-brain weight ratios, caused centrilobular
hepatocellular hypertrophy, and hyperplasia of thyroid follicular cells at 3 and 10 mg/kg-d. In parental
males, PFHxS also reduced prothrombin time at 0.3, 3, and 10 mg/kg-d, reduced hematocrit at 3 and 10
mg/kg-d, reduced triglyceride levels at 10 mg/kg-d, and increased albumin, blood urea nitrogen (BUN),
alkaline phosphatase (ALP), calcium, and albumin/globulin ratio at 10 mg/kg-d.

Due to differences between rodents and humans, the ATSDR did not consider the observed liver effects
to be relevant to humans.© ATSDR selected a No Observable Adverse Effect Level (NOAEL) of 1 mg/kg-d
based on thyroid follicular cell damage observed in parental males at higher concentrations. To account
for differences in the half-life of PFHXS in people versus research animals, the ATSDR estimated human
equivalent dose from measured serum concentrations in animals using the trapezoid rule.? To obtain
the MRL, they used a human equivalent dose of 0.0047 mg/kg-d and applied a total uncertainty factor of

b The ATSDR’s intermediate minimum risk levels are protective of exposures between 15 and 364 days. The ATSDR
did not recommend a chronic oral reference dose for PFOA because they felt that that the available data for
chronic exposure (more than 1 year) are limited and were uncertain whether the most sensitive endpoint for
chronic exposure has been identified in the current research.

¢ For more details on this determination, see Hall et al., 2012 (19) and section 2.9 of ATSDR’s Toxicological Profile

(1).
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300 to account for differences between people and research animals (3), differences among people (10),
and the limited availability of information (10).

Literature Search

Our literature review focused on relevant scientific literature on the health effects of PFHxS published
on or before August 2020. We looked for studies related to PFHxS toxicity or effects on a disease state in
which information on exposure or dose was included as part of the study or studies related to modeling
PFHxS exposure or dose using pharmacokinetics in animals or humans.? Ideally, relevant studies used in
vivo (whole animal) models and provided data for multiple doses over an exposure duration
proportional to the lifetime of humans.

Approximately 500 toxicity studies were returned by the search engines. We excluded studies on non-
mammalian or cell systems, non-oral exposure routes, and those that did not evaluate health risks from
further review. After applying these exclusion criteria, we located five key toxicity studies on PFHxS that
were not evaluated by ATSDR (summarized in Table A-2). To be considered a critical toxicity study, the
study must be of an appropriate duration (at least 28 days or exposure during gestation), have identified
effects that are consistent with other studies and relevant for humans, have evaluated more than one
dose, and have an identifiable toxicity value.®' Three of the key studies that we located meet the criteria
to be considered a critical toxicity study (see Table A-3 for more details).

To be considered a critical pharmacokinetics study, the study must model oral exposure in humans or
rodents. One of the key studies met the criteria to be considered a critical pharmacokinetic study (the
section below has more details on these studies).

In our search, we also located a number of epidemiology studies in our search (See Table A-4 for a
summary). While the long half-life of PFHxS in people, multiple potential exposure sources, and the
ability for other PFAS compounds to cause similar health effects preclude using these data to establish a
health-based value, such studies are helpful in identifying the crucial effects and ensuring that the

d We used the National Institutes of Health’s PubMed resource and Clarivate Analytics’ Web of Science resource
for this search. We used the following search terms in the literature review:

Title/abstract: PFHxS or “perfluorohexane sulfonate”

Subject area: toxicology

Language: English
We also searched online for toxicity studies published by national research programs.
e Due to the limited availability of data for this substance, we considered a study to be an appropriate duration if
animals were exposed for at least 28 days or if the exposure occurred during pregnancy. We accounted for
differences in exposure duration through the use of an uncertainty factor.
f Appropriate toxicity values include the no observable adverse effect level (NOAEL), lowest observable adverse
effect level (LOAEL), and benchmark dose (BMD).
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animal data used to establish the standard are relevant to people. In these studies, PFHxS exposure was
primarily associated with physical and mental developmental markers, diabetes, and thyroid function,

among other effects (Table A-1).1+2%3°

Critical Toxicity Studies

To compare between results between the critical studies, we calculated an acceptable daily intake (ADI)
for each study/effect. The ADI is the estimated amount of PFHxS that a person can be exposed to every
day and not experience health impacts. Because the half-life of PFHxS is significantly longer in people
than it is in research animals (years compared to days), we followed the approach used by ATSDR to
establish candidate ADIs. In this approach, a human equivalent dose is calculated from either a no-
observed adverse effect level (NOAEL), lowest observed adverse effect level (LOAEL), or benchmark
dose (BMD) and from measured serum concentrations. This approach ensures that the ADI is
adequately protective of human health by accounting for slow elimination of PFHxS in people and its
ability to accumulate in the body. More details on this calculation are provided in Appendix B.

To obtain the ADI, we divided the human equivalent dose by a factor accounting for various sources of
scientific uncertainty. We included uncertainty factors to account for differences between humans and
animals, differences between healthy and sensitive human populations, using data from short-term
experiments to protect against effects from long-term exposure, and using data where a health effect
was observed to estimate the level that does not cause an effect, as appropriate. To ensure appropriate
protection, we have chosen to not use studies that have significant uncertainty as the basis for the
recommended enforcement standards." This approach is consistent with that taken by EPA when
establishing oral reference doses.?

Chang et al., 2018

Cheng et al. exposed male and female mice to different concentrations of PFHxS (0, 0.3, 1, and 3 mg/kg-
d) prior to mating, during mating, pregnancy, and lactation through gavage. PFHxS caused some
statistically significant effects in parents and offspring (Table 1).

Table 1. Statistically Significant Effects Observed in Chang et al, 2018 (°)
Effects Observed in Parents 0.3 1 3

Weight Increased body weight gain * *
Reproduction Reduced mean live litter size * *
Biochemistry Reduced serum cholesterol (males) v

g The NOAEL is the highest dose tested that did not cause an adverse effect, the LOAEL is the lowest dose tested
that caused an adverse effect, and the BMD is an estimation of the dose that would cause a specific level of
response (typically 5 or 10%).

h DHS considers a study to have significant uncertainty if the total uncertainty factors is greater than 3,000.
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Reduced total bilirubin (males) *
Increased alkaline phosphatase (males)
Liver Increased mean liver weight (males and females)
Increased mean relative liver weight to body weight ratio
(males and females)
Cytoplasmic alteration, ground-glass (males and females)
Microvesicular fatty changes (males)
Cytoplasmic vascuolation (females)
Centrilobular hepatocellular hypertrophy (males and * * *
females)
Single-cell necrosis (males)
Effects Observed in Offspring 0.3 1 3
Development Increased relative anogenital distance (males)
Liver Increased mean liver weight at PND 36 (males) "
Increased mean relative liver weight to body weight ratio
(PND 21 and 36) (males and females)
Cytoplasmic alteration (males and females)
Centrilobular hepatocellular hypertrophy
(males and females)

* * *

* The authors did not consider this finding to not be treatment-related, toxicologically relevant, or
adverse (see Chang et al., 2018 for more details).®

We identified a NOAEL of 0.3 mg/kg-d based on the reduced mean live litter size at higher
concentrations. The authors did not consider the reduced liter size to be toxicological relevant because
similar results were not observed by Butenhoff et al. in rats and by Ramhoj et al. in mice.>* However, the
previous studies tested either a different species, a lower internal dose of PFHxS (likely because PFHxS
has a longer half-life in mice compared to rats), or a different exposure period.>** These differences
between the studies could have accounted for the differences in observed results. Additionally,
exposure to other PFAS have shown a reduction to litter size in research animals and PFHXS is known to
have a longer half-life in humans compared to research animals.! Therefore, DHS considers this effect on
litter size to be valid for use in establishing a proposed ADI as effects on reproduction and litter size can
have serious implications for public health. Additional data are limited on the potential impacts of PFHxS
to reproduction and development in research animals and the mechanism behind most of the observed
effects is still under investigation.!

From this study, we obtained a human equivalent dose by estimating the time-weighted average serum
concentration at the NOAEL and applied a total uncertainty factor of 300 to account for differences

between people and research animals (3), differences among people (10), and the limited availability of
information (10). We obtained a candidate ADI of 4 ng/kg-d for PFHxS from this study. Additional details
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on this calculation are included in Table A-5. In 2019, Ali et al., used the Cheng et al., study to produce a
chronic reference dose of 4 ng/kg-d.2®

Ramhgj et al., 2018

Ramhgj et al. conducted two studies evaluating the effect of PFHxS on development.? In the first study,
they exposed female rats to high concentrations of PFHxS (0, 25, and 45 mg/kg-d) during pregnancy and
lactation through gavage with and without the addition of EDmix (32.11 mg/kg-d).! The second study
used lower concentrations of PFHxS (0, 0.05, and 5 mg/kg-d). They found that PFHxS alone did not cause
overt toxicity in dams and offspring, but did reduce thyroxine (T4) levels in mothers and offspring at
doses at and above 5 mg/kg-d (Table 2). They also found that co-exposure with EDmix increased nipple
retention in males at the PFHxS levels at and above 5 mg/kg-d.

Table 2. Statistically Significant Effects Observed in Ramhoj et al., 2018 (3)

Effect s of PFHxS alone 0.05 5 25% 45

Thyroid Reduced serum T4 levels in mothers at GD 15 v v N/A
Reduced serum T4 levels in mothers at PND v v v
22
Reduced serum T4 levels in offspring at PND v v v
16/17

Growth Slightly Reduced offspring birth weight v
Reduced body weight in female offspring at v
PNDs 6 and 14

Liver Increased relative liver weight in male v
offspring at PND 16
Increased relative liver weight in females v v
(PND 17)

Effects of PFHxS enhanced by EDmix
Development Increased nipple retention in males (PND 14) v v v

*Work was conducted as 2 studies: study 1 examined doses of 25 and 45 and study 2
examined doses of 0.05, 5, and 25. Except for Reduced pup birth weight, all effects at 25
mg/kg-d were seen in both Study 1 and Study 2.

We identified a NOAEL of 0.05 mg/kg-d based on reduced serum T4 levels at higher concentrations in
mothers and offspring at several time points. Because the researchers did not measure serum
concentrations at the NOAEL or LOAEL, we were unable to estimate the time-weight average serum

i EDmix is a mixture of endocrine disruptors including dibutyl phthalate (DBP), di-2-ethylhexyl phthalate (DEHP),
vinclozolin, prochloraz, procymidone, linuron, epoxyconazole, 4-methylbenzylidene camphor (4-MBC), octyl
methoxycinnamate (OMC), p,p’-dichlorodiphenyldichloroethylene (p,p’-DDE), bisphenol A (BPA), and butyl
paraben.
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concentration. Instead, we assumed that the human equivalent dose equaled the NOAEL. We applied a
total uncertainty factor of 1000 directly to account for differences between people and research animals
(10), differences among people (10), and the limited availability of information (10). We obtained a
candidate ADI of 50 ng/kg-d for PFHxS from this study. Additional details on this calculation are included
in Table A-5.

NTP, 2018

In 2019, the National Toxicology Program (NTP) published a report describing a study in which they
exposed adult rats to different concentrations of PFHxS (0, 0.625, 1.25, 2.5, 5, and 10 mg/kg-d for males
and 0, 3.12, 6.25, 12.5, 25, and 50 mg/kg-d for females) for 28 days through gavage.3' PFHxS caused
some statistically significant effects in males and females (Table 3).

Table 3. Statistically Significant Effects Observed in NTP, 2018 ()

Effects in males 0.625 1.25 25 5 10
Biochemistry  Reduced free T4, total T4 and T3 v \4 v v v
Reduced cholesterol v v v 4
Reduced total bilirubin v v v
Reduced triglycerides v v v
Increased acetyl Co-A v
Adrenal Reduced relative adrenal weights v v v
Liver Increased relative liver weight v v v v
Increased absolute liver weight v v v v
Increased incidence and severity of hypertrophy v o v v
Increased relative liver weight v
Effects in females 312 6.25 125 25 50
Biochemistry  Reduced free and total T4 v v v v
Adrenal Increased absolute adrenal weight v o v v
Increased relative adrenal weight v v
Liver Increased relative liver weight v v v v v
Increased absolute liver weight v v v v v
Olfactory Increased incidence of olfactory epithelial v
changes and degeneration

We identified a LOAEL of 0.625 mg/kg-d based on reduced free T4 and total T3 and T4 high males at this
concentration and higher. We calculated the human equivalent dose by estimating the time-weighted
average serum concentration at the LOAEL and applied an total uncertainty factor of 30,000 to account
for differences between people and research animals (3), differences among people (10), using data
from short-term experiments to protect against effects from long-term exposure (10), using a LOAEL
instead of a NOAEL (10), and the limited availability of information (10). While we obtained a candidate
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ADI of 0.07 ng/kg-d for PFHxS from this study, this study was not used to establish a recommended
enforcement standard due to significant uncertainty. Additional details on this calculation are included
in Table A-5.

Critical Pharmacokinetic Studies

A physiologically-based pharmacokinetic (PBPK) model can be used to relate the amount of a chemical
exposure to the amount of a chemical found in different organs at different time points.3? PBPK models
are developed using mathematical values and equations that describe characteristics and processes of
the body, such as body weight, blood flow rate, and metabolism rate. The PBPK model uses a NOAEL
and known rat serum levels to estimate a human point of departure (PODunyman). PODuuman is defined as
the point on a toxicological dose-response curve established from experimental data that corresponds
to an estimated no effect level.*> The PODnuman and PBPK models can be used to better understand what
animal toxicity data means for human health and PBPK models provide a critical link between chemical
toxicity and exposure information, as well as an important tool for using animal experiments to inform
evaluations of the health effects of chemicals on humans.?

Kim et al., 2018

In 2018, Kim et al., published a study in which they developed a physiology-based pharmacokinetic
(PBPK) model to estimate PFHxS serum levels in male and female rats from exposure to the NOAEL used

in Butenhoff et al.>3?

The researchers obtained a point of departure for humans (PODuman) of 71.09 pg/kg-d for males and
15.89 pg/kg-d for females (Table 4). To obtain the candidate ADIs, we applied an uncertainty factor of
1000 to account for differences among people (10), using data from a short-term study to protect from
long-term effects (10), and the limited availability of data (10). We established candidate ADIs of 70
ng/kg-d for males and 20 ng/kg-d for females.

Table 4. Toxicity parameters and ADIs from Kim et al. 201832

NOAEL Endpoint PODHuman Total ADI (ng/kg-d)
(mg/kg-d) (ng/kg-d) Uncertainty
Factor
Female 1 Liver toxicity* 15.89 10007 20
Male 1 Liver toxicity* 71.09 1000™ 70

* Toxicity endpoint from Butenhoff et al.’
** DHS selected a total uncertainty factor of 1000 to account for differences among people (10), use of a shorter
duration study to protect against effects from long-term exposure (10), and the limited availability of data (10).

Key Health Effects
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We did not find any studies indicating PFHxS can cause carcinogenic, mutagenic, or teratogenic effects in
people, research animals, or cell culture. However, we did find a study that found that PFDA caused
interactive effects with endocrine disrupting chemicals in research animals.? One study exposed male
rats to different concentrations of PFNA (0, 0.05, 5, 25 mg/kg-d), to a mixture of endocrine disrupting
chemicals (EDmi).2 PFHXS exposure alone decreased T4 levels starting at 5 mg/kg-d. PFHxS and EDpi
exposure decreased offspring weight at birth and increased liver weights at birth as compared to PFHxS
exposure alone. The authors concluded that PFHxS can interact with endocrine disrupting chemicals on
a variety of toxicity endpoints and thus have interactive effects.?

Discussion

PFHxS has been shown to affect the liver, cholesterol levels, thyroid hormones, increase relative liver
weight, cause histological changes in the liver, alter biomarkers of liver damage, reduce serum

cholesterol levels, and reduce litter size in research animals or people.3>631

Studies in research animals and people have shown that PFHxS can affect developmental
endpoints.>®!12329 The evidence in animals suggests that PFHxS may have consistent effects to other
long-chained PFAS including reduced litter size, decreased offspring birth weight, and delays in hormone
and motor development. Thyroid hormones are crucial for development, energy balance, and
metabolism in all species.?® Studies in research animals and people have shown that PFHxS, as well as
other PFAS, can affect the levels of thyroid hormones.! In people, thyroid hormones play an important
role in the development of the brain, lungs, and heart.? Scientists have learned that certain PFAS,
including PFHXS, can bind to transport proteins involved in moving thyroid hormones throughout the
body.3* Scientists are still learning how this effect occurs and its impact on health.

Studies in rodents have shown that PFHxS, as well as other PFAS, can reduce cholesterol levels.?
However, studies in people have shown that PFAS exposure is associated with increased total
cholesterol and LDL levels.! Scientists are learning more about the way in which PFAS reduce cholesterol
levels in rodents and believe that they are associated with activation of nuclear hormone receptors.*
Because nuclear receptors, like PPARq, are important regulators of lipid metabolism, changes in their
expression patterns can affect lipid transport and alter cholesterol levels. However, at this time, it is
unclear whether PFAS act in the same way in people.

A number of studies have demonstrated that liver effects caused by PFHxS, as well as other PFAS, occur
primarily through activation of the nuclear hormone receptor, PPARa (peroxisome proliferator-activated
receptor alpha).”>38 Nuclear receptors regulate gene expression and PPARa regulates the expression of
genes involved in lipid and cholesterol metabolism.>® While PPARa receptors are found in rodents and
humans, levels of these receptors are much higher in rats and mice than in monkeys and humans.* This
means that effects caused by activation of PPARa are more likely to occur in rodents than they are to
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occur in people. As such, the effects on the liver observed in the critical studies reviewed here are likely
not relevant to humans. This conclusion is supported by the lack of associations between PFAS exposure

and liver disease in epidemiological studies.***

Standard Selection
DHS recommends an enforcement standard of 40 ng/L for PFHXxS.

There are no federal numbers and no state drinking Basis for Enforcement Standard

water standard for PFHxS. Additionally, the EPA has not O Federal Number

established a cancer slope factor or ADI (oral reference O Cancer Potential
dose) for PFHXS. However, we found several critical [0 EPA Acceptable Daily Intake
studies evaluating the toxicity of PFHxS.>%63! M Technical information

|
As such, DHS recommends using available scientific information to establish an ADI through the

procedures specified in Ch. 160, Wis. Stats. To establish the ADI, we used the 2018 study by Chang et al.
as the critical study and effects on litter size as the critical effect.® Toxicity studies in animals continue to
show that developmental endpoints are critical effects for PFAS, including PFHxXS, with effects occurring
in offspring after exposure during pregnancy and lactation.>® Additionally, epidemiology studies
continue to associate maternal PFHxS exposure to developmental problems in offspring, as PFHxS has
been shown to cross the placenta during pregnancy.?>2 We selected reduced litter size as the critical
effect because it indicates maternal and prenatal toxicity during pregnancy and through lactation.*®

We obtained an ADI of 4 ng/kg-d by estimating the human equivalent dose at a NOAEL from measured
serum concentrations and applying a total uncertainty factor of 300. To determine the recommended
enforcement standard, we used a body weight of 10 kg, a water consumption rate of 1 L/d, and a
relative source contribution of 100% as required by Ch. 160, Wis. Stats.

DHS recommends a preventive action limit of 4 ng/L for PFHxS.

DHS recommends that the preventive action limit for PFHxS be set at 10% of the enforcement standard
because a recent study has shown that PFHxS can cause interactive effects in research animals.? At this
time, PFHxS has not been shown to cause carcinogenic, mutagenic, or teratogenic effects in people,
research animals, or cell culture studies.

Prepared by Sarah Yang, PhD, Gavin Dehnert, PhD, and Nathan Kloczko, MPH

Wisconsin Department of Health Services
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Appendix A. Available Scientific Information

Table A-l. PFHxS Rodent Toxicity Studies Reviewed by ATSDR

Study Type Species Duration Doses Key Findings Toxicity Reference
(mg/kg-d) Value
(mg/kg-d)
Short-Term Mouse 28d 0,6 Diet Reduced plasma triglycerides, non HDL- NOAEL: N/A  Bijland et al., 2011
cholesterol, and HDL-cholesterol. Increased LOAEL: 6 4

liver weight and hepatic triglyceride levels.
These effects were a result of PPAR-a and
PXR (Pregnane-X Receptor) activation.

Reproduction/ Rat Prior to 0,0.3,1,3,10 Gavage No effects on reproduction and NOAEL: N/A Butenhoff et al.,
Development cohabitation, development observed. No treatment- LOAEL: 0.3 2009*
during related effects in dams or offspring. (®
cohabitation, In parental males, PFHxS reduced serum
until sacrifice: total cholesterol at all doses, reduced

prothrombin time at 0.3, 3, and 10 mg/kg-d.
It increased liver-to-body weight and liver-
to-brain weight ratios, caused centrilobular
hepatocellular hypertrophy, hyperplasia of
thyroid follicular cells, reduced hematocrit
at 3 and 10 mg/kg-d. PFHxS reduced
triglycerides and increased albumin, blood
urea nitrogen (BUN), alkaline phosphatase
(ALP), calcium, and albumin/globulin ratio at

10 mg/kg-d.
Short-term Mouse 7d 0, 10 Gavage PFHXS increased liver weight and cell size N/A Das etal., 2017
(Mechanism) (wildtype, and reduced DNA content per mg of liver. ()
PPAR-a This affect was observed in knockout mice
knockout, but not antagonist mice. PFHxS increased
PPARa lipid accumulation in wildtype and knockout
antagonist) mice. PFHxS elevated liver triglycerides in
WT.
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Acute Mouse Single dose 0,0.61,6.1,9.2 Gavage Altered adult spontaneous behavior and NOAEL: N/A Viberg et al., 2013
cognitive function in males and females at LOAEL: 0.61 ®)
all levels.

* = Study was used by ATSDR to establish their intermediate oral minimum risk level.
i. 21 days of lactation or presumed gestation day 25 for females and minimum of 42 days of treatment for males.
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Table A-2. PFHxS Rodent Toxicity Studies Not Reviewed by ATSDR

Study Type Species Duration Doses Key Findings Toxicity Reference
(mg/kg-d) Value
(mg/kg-d)
Reproduction/ Mouse 2 generations ' 0,03,1,3 Gavage PFHxS decreased live litter size at 1 and 3 NOAEL: N/A Chang et al., 2018
Development mg/kg-d. Adaptive hepatocellular LOAEL: 0.3 (®)
hypertrophy. Reduced serum cholesterol
and increased alkaline phosphatase in FO
males at 3 mg/kg-d. PFHxS did not affect
reproductive parameters,
hematology/clinical pathology, thyroid
stimulating hormone (TSH), neurobehavioral
effects, or histopathology. PFHxS did not
affect postnatal survival, development or
onset of preputial separation or vaginal
openings in F1 mice.

Acute Mouse Single dose 0,6.1,9.2 Gavage PFHxS altered neuroprotein levels (CaMKII, NOAEL: N/A Lee et al., 2013
GAP-43, synaptophysin, tau) in the LOAEL: 6.1 (*7)
hippocampus and cerebral cortex of
neonatal males and females at both levels.

Sub-chronic Rat 28d Males: Gavage In males, PFHxS reduced free and total T4 NOAEL: N/A NTP, 2018
0,0.625, 1.25, 2.5, (thyroxine) and total T3 (triiodothyronine) at LOAEL: (34
5,10 all doses; increased relative and absolute 0.625
Females: liver weights and reduced cholesterol at 1.25
0,3.12,6.25,12.5, mg/kg-d and greater. PFHxS also reduced
25,50 relative adrenal weights, total bilirubin,

triglycerides, and increased incidence and
severity of hypertrophy at 2.5 mg/kg-d and
greater.

In females, PFHxXS increased relative and
absolute liver weight at all doses; reduced
free and total T4 at 6.25 mg/kg-d and
greater. PFHxS also increased absolute
adrenal weight at 12.5 mg/kg-d and greater;
increased relative adrenal weight at 25

PFHXS
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mg/kg- and greater, and affected the
olfactory epithelium at the highest dose.

Co-exposure Rat Gestation Study 1 Gavage PFHxS did not cause overt toxicity in dams NOAEL: 0.05 Rambhojetal., 2018
through PFHxS: 0, 25, 45 and offspring. PFHxS alone reduced T4 levels LOAEL: 0.5 (3
lactation EDmix: 32.11 in dams and offspring at doses at 5 mg/kg-d

(GD7—-PND22) Study2 and greater.
PFHxS: 0, 0.05, 5 PFHxS with EDmix reduced male pup birth
EDmix: 32.11 weight and slightly increased liver weights at
high doses.
Short-term Mouse 7d 0,3,10 Gavage 11-24% of genes in PFAS-treated mice were N/A Rosen et al., 2017
(Mechanism) (WT; PPARa- independent of PPAR-a. PFAS gene ()
null) expression profiles were similar to those

exposed to agonists of CAR (constitutive
activated receptor), ER-a (estrogen receptor
alpha), and PPAR-y.

i. FO treated before mating (for at least 42 days in males) through gestation and lactation for females. F1 pups were treated for 14 days after weaning.

ii. EDmix is a fixed dose of 12 environmentally relevant endocrine disrupting chemicals.

PFHXS
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Table A-3. Critical Study Selection for PFHxS

Appropriate Effects consistent Effects relevant to Toxicity value
Reference duration? with other studies? humans? Number of Doses identifiable? Critical study?
Chang et al., 2018 v v v 3 v Yes
Lee et al., 2013 N v v 2 v No
NTP, 2018 v v v 5 v
Ramhoj et al., 2018 v v v q v
Rosen et al., 2017 O 4 4 2 O No

To be considered a critical study, the study must be of an appropriate duration (at least 28 days or exposure during gestation), have identified effects that are consistent with
other studies and relevant for humans, have evaluated more than one dose, and have an identifiable toxicity value.
* = Study was reviewed by ATSDR
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Table A-4. Recent PFHxS Human Studies from Literature Review

Study Type Population Time period Exposure Outcomes T Other PFAS Reference
Studied
Cohort 768 Pregnant 1999-2002 Maternal plasma PFAS Thyroid hormones: PFHxS PFOA, PFOS, Preston et al.,
women and 501 concentrations thyroxine (T,), free T4 concentrations PFNA, PFHxXS, 2018 (29
newborns Index (FT4l), thyroid associated with EtFOSAA,
stimulating hormone lower maternal FT4l MeFOSAA
(TSH) and lower male
newborn T, levels.
Cohort 210 community ~ 1990-2008 Drinking water exposure; Thyroid disruption, Intraquartile PFHxS PFOS, PFOA, Blake et al.,
members serum PFAS concentrations kidney function, and increase associated PFNA, PFHXS, 2018 (48
(median age 38) BMI with 2.06% eGFR PFDeA, PFOSA,
decrease. No Me-PFOSA, Et-
associations seen PFOSA
with thyroid
disruption or BMI.
Clinical 888 from 1996-2014 Blood plasma PFAS Hypercholesterolemia, PFHxS had slightly PFOS, PFOA, Lin et al., 2019
Trial/cross- Diabetes concentrations hypertriglyceridemia higher risk for PFHXS, EtFOSAA, 49
sectional Prevention hypertriglyceridemia  MeFOSAA, PFNA
Program in placebo group
Cohort/cross- 631 children 1999-2002 Blood plasma PFAS Neurologic Visual-motor scores PFOS, PFOA, Harris et al.,
sectional from birth concentrations development on the Wide Range PFHxS, PFNA, 2018 (12
cohort Assessment of Visual  EtFOSAA,
Motor Abilities were MeFOSAA,
lower among PFDeA
children with higher
PFHxS (Q4 vs. Q1:
-5.0,95% Cl: -9.1,
-0.8).
Cohort/cross- 218 mother- 2003-2006 Prenatal and childhood PFAS Neurologic Higher PFOS, PFOA, Vuong et al.,
sectional child dyads from serum concentrations development concentrations of PFHxS, PFNA 2018 9
HOME Study PFHxS were
associated with
shorter times in the
Virtual Morris Water
Maze
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Nested 445 Danish 2012-2017 PFAS in maternal plasma from Hormonal PFHxS was PFOS, PFOA, Ernst, 2019 23)
Cohort children in birth early gestation developmental associated with PFHxS, PFHpS,
cohort outcomes lower mean age at PFNA, PFDA
puberty in both boys
and girls.
Cross- 2975 individuals  2007-2014 Serum PFAS concentrations Metabolic syndrome Higher PFDA, PFOS, Christensen,
sectional from NHANES concentrations of PFOA, PFHXS, 2019 0
PFHxXS were MPAH, PFNA,
associated with PFUnA
elevated
triglycerides.
Cohort 282 Chinese 2013-2015 PFAS concentrations in cord Gestational and Newborns in the PFOA, PFNA, Cao, 2018 11
infants blood postnatal growth highest exposure PFDA, PFUNA,

group of PFHxs had
decreased birth
length, but increased
head circumference.

PFDoOA, PFTrDA,
PFTeDA, PFHXDA,
PFHXS, PFOS,
PFDS

*This literature review is not exhaustive as the primary purpose of the search was to identify epidemiological studies that support toxicological findings.

Epidemiologic terms: OR=0dds ratio; AOR=adjusted odds ratio; RR=relative risk; 95% CI=95% confidence interval; r=Spearman correlation coefficient; B=regression coefficient
PFAS acronyms: PFOA=perfluorooctanoic acid, PFNA=perfluorononanoic acid, PFDA=perfluorodecanoic acid, PFUnA= perfluoroundecanoic acid, PFDoA=perfluorododecanoic
acid