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Introduction

Perfluoroalkyl and polyfluoroalkyl substances (PFASs) as defined by Buck et al. (2011)
were added to Biomonitoring California’s list of designated chemicals at the March 2015
Scientific Guidance Panel (SGP) meeting. At the November 2021 SGP meeting, the
Panel requested a report back on the Program’s current definition of PFASs to be
considered at a future meeting. In response, Biomonitoring California staff presented a
review of the Buck et al. (2011) definition at the March 2022 SGP meeting and obtained
input from the Panel and the public on next steps for this set of chemicals. Proposed
next steps were to evaluate additional definitions and consider revising or expanding
the current PFAS group on the lists of designated and priority chemicals.

As an interim step, Biomonitoring California revised the footnote on the lists of
designated and priority chemicals defining PFASSs to reflect the updated interpretation of
Buck et al. (2011) following the March 2022 meeting. The revised footnote reads as
follows:

“For the description of PFASs and example members of this class, refer to Buck
et al. (2011). (Integr Environ Assess Manag 7[4]:513-541; link to free article:
https://www.ncbi.nim.nih.gov/pmc/articles/PMC3214619/).”

Based on input from the Panel, public, and further research, Biomonitoring California
staff have prepared this document for the Panel to consider with regard to the potential
expansion of the existing designated chemical group “Perfluoroalkyl and Polyfluoroalkyl
Substances (PFASs)?” to “Perfluoroalkyl and Polyfluoroalkyl Substances (PFASs)? and
Other Substances with Carbon-Fluorine Bonds3.”

If the Panel were to recommend expanding the existing chemical group on the list of
designated chemicals for Biomonitoring California, the Program could include any
member of this expanded chemical group in future biomonitoring studies.

' California Environmental Contaminant Biomonitoring Program, codified at Health and Safety Code
section 105440 et seq.

2 For the description of PFASs and example members of this class, refer to Buck et al. (2011). (Integr
Environ Assess Manag 7[4]:513-541; link to free article:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3214619/)

3 Includes substances with at least one carbon-fluorine bond.



https://biomonitoring.ca.gov/events/biomonitoring-california-scientific-guidance-panel-meeting-march-2015
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3214619/
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Reason for Expansion of Chemical Group

As discussed at the March 22, 2022, SGP meeting, the current designated chemical
group “Perfluoroalkyl and Polyfluoroalkyl Substances (PFASs)”, as defined by Buck et
al. (2011), does not cover several fluorinated chemicals of concern that are included
under the definitions used by other entities.

The expansion of the existing designated chemical group aims to capture substances
with at least one carbon-fluorine (C-F) bond that are not included in the Program’s
current PFASs designated chemical group, and to support Biomonitoring California
activities and priorities. The C-F bond is one of the strongest known covalent bonds,
and the C-F bonds in PFASs are recognized as key features that impart chemical and
thermal stability and persistence*. Listing of this expanded group would give the
Program the flexibility to choose to biomonitor additional substances with C-F bonds of
potential health concern that would be appropriate to measure in response to market
shifts in use. Although the Program can measure any chemical in the group, it does not
mean that they must or will. This approach has been routinely used by Biomonitoring
California to provide broad flexibility to identify potential emerging chemicals of concern.

Chemical Identity and Example Structures

Based on input from the Panel, public, and other stakeholders, Biomonitoring California
has chosen to evaluate and compare three commonly cited PFASs definitions: Buck et
al. (2011), Organization for Economic Cooperation and Development (OECD) (2021),
and California Senate Bill (SB) 1044. As demonstrated in Tables 1-4 below, there are
inconsistencies in the PFASs that are covered under each of these definitions. The
tables below show some examples of chemicals of potential concern with at least one
C-F bond that would be captured under the proposed expanded designated chemical
group “PFASs and Other Substances with Carbon-Fluorine Bonds” and indicate
whether these chemicals are considered to be PFASs by Buck et al. (2011), OECD
(2021), and SB 1044.

e Table 1 shows examples of polymers with C-F bonds that are considered to be
PFASs by Buck et al. (2011), OECD (2021), and SB 1044.

e Table 2 shows an example of a polymer with C-F bonds that is considered to be
a PFAS by Buck et al. 2011, but not by OECD (2021) or SB 1044.

e Table 3 shows examples of chemicals with C-F bonds that are considered to be
PFASs by OECD (2021) and SB 1044, but not by Buck et al. (2011).

e Table 4 shows example chemicals with C-F bonds that are NOT considered to be
PFASs by Buck et al. (2011), OECD (2021), or SB 1044.

4 Refer to the March 2015 background document for additional information on the chemical properties and
use of perfluoroalkyl and polyfluoroalkyl substances (PFASS).



https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200SB1044
https://biomonitoring.ca.gov/sites/default/files/downloads/PotenDesigPFASs_031315.pdf
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Table 1. Selected examples of polymers with C-F bonds. All examples are
considered to be PFASs by Buck et al. (2011), OECD (2021), and SB 1044.

Polymers with C-F bonds Structure
PVDF
(polyvinylidene H F
fluoride or polyvinylidene difluoride) c—C
CAS#: 24937-79-9 HOF)
PTFE
(polytetrafluoroethylene) {If Iq‘
CAS#: 9002-84-0 c—C
F F|
ETFE
(ethylene tetrafluoroethylene) ‘F HOF 'f]:
CAS#: 25038-71-5, 68258-85-5 ¢-¢-C-C
HHF F
FEP
(fluorinated ethylene propylene) ‘F q» {‘f '|:+
CAS#: 25067-11-2 S RS C—C—
F Fl FCRJ

Table 2. An example of a polymer with C-F bonds, which is considered to be a
PFAS by Buck et al. 2011, but not by OECD (2021) or SB 1044.

Polymer with C-F bonds Structure
PVF

(polyvinyl fluoride) ;
CAS#: 24981-14-4 c—C

i
H H
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Table 3. Selected examples of chemicals* with C-F bonds considered to be PFASs
by OECD (2021) and SB 1044, but not Buck et al. (2011).

Chemicals with C-F bonds

Structure

PCBTF (parachlorobenzotrifluoride)
CAS#: 98-56-6

Cc

Benzotrifluoride
(trifluoromethylbenzene)
CAS#: 98-08-8

F

Perfluorotoluene (octafluorotoluene)
CAS#: 434-64-0

(Perfluoropropyl)benzene
CAS#: 378-98-3

F

F

F

FF
F

F F

F
I:
F
:F
F
F F
F
F F
F
C: F‘ |
F

Bifenthrin®
CASH#: 82657-04-3

YT

Fipronil®
CAS#: 120068-37-3

CIHN O

F
F N
F N= F
cl \
SN

m m

Cyhalothrin (including lambda- and
gamma-)°
CAS#: 68085-85-8

N

5 Already included on Biomonitoring California’s designated chemical list for another reason (i.e., under

“Pesticides”).
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CAS#: 55283-68-6

Chemicals with C-F bonds Structure
Trifloxystrobin . i .
CAS#: 141517-21-7
o7 9
N\O N~ o
[
Ethalfluralin o- .0

Bromethalin
CAS#: 63333-35-7

SN+ N+/ B
Fluazinam i
CASH#: 79622-59-6 Lo
Cl N
| N
F N F
NS
P o0 Fr
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* Chemicals that are not in the current “PFASs” designated chemical group, but which
would be included in the potential expansion to “PFASs and other substances with

carbon-fluorine bonds.”
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Table 4. Selected examples of chemicals* with C-F bonds that are not considered

to be PFASs by Buck et al. (2011), OECD (2021), or SB 1044.

Chemicals with C-F Bonds Structure
Tetrafluoroethylene £ E
CAS#: 116-14-3 > _ (
F F
Difluoromethane
CAS#: 75-10-5 F
H—’—F
H
1,1-Difluoroethane
CAS#: 75-37-6 H F
H———F
H H

Carfentrazone-ethyl
CAS#: 128639-02-1

(Difluoromethyl)benzene
CAS#: 455-31-2

1-Fluoro-4-nitrobenzene
CAS#: 350-46-9

Fluorobenzene
CASH#: 462-06-6

Clodinafop
CAS#: 114420-56-3

Epoxiconazole
CAS#: 133855-98-8
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* Chemicals that are not in the current “PFASs” designated chemical group, but which
would be included in the potential expansion to “PFASs and other substances with
carbon-fluorine bonds.”

Expanding the Existing Designated Chemical Group Perfluoroalkyl and
Polyfluoroalkyl Substances (PFASSs)

The SGP uses the criteria listed below to evaluate potential designated chemicals (see
the SB 1379 legislation for a complete description of the criteria):

e Exposure or potential exposure.
e Known or suspected health effects.

¢ Need to assess the efficacy of public health actions to reduce exposure to a chemical.

e Availability of a biomonitoring analytical method.

e Availability of adequate biospecimen samples (for example, serum, plasma, or urine

samples).
e Incremental analytical cost to perform the biomonitoring analysis for the chemical.

Tables 5 through 7 summarize selected references on exposure or potential exposures,
known or suspected health effects, and analytical considerations for example
substances that would fall under the potential expansion of the designated chemical
group “PFASs” to “PFASs and other substances with carbon-fluorine bonds.” These are
select examples from substances included in Tables 3 and 4.


https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060SB1379
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Table 5. Selected references on the exposure potential of PFASs and other substances

with C-F bonds.

Chemical

Exposure or potential exposure

References

PFASs

e PFASs (i.e., the existing designated chemical group
described by Buck et al. (2011)). A number of PFASs
have been detected in serum and urine by
Biomonitoring California and the Centers for Disease
Control and Prevention (CDC).

OEHHA (201543,
2015b)

PCBTF*

e PCBTF uses include as a solvent in solvent-borne
products such as sealers, stains, paints, inks, and high-
solids coatings, and for metal cleaning. Total import in
the United States (US) was 5,000 to 25,000 tons in
2019.

e The general public in California may be exposed from
the use of products that contain PCBTF, and from
contact with groundwater, soil or air contaminated with
the chemical.

e The South Coast Air Quality Management District
(SCAQMD) reports that use of PCBTF increased from
2005 to 2014 in California.

e PCBTF can be found in workplace air (one study
measured geometric mean 2.0 ppm in vehicle
manufacturing plants and 0.8 ppm in paint
manufacturing plants).

IARC (2020)
Lee et al.(2015);
OEHHA (2020);
Stockwell et al.
(2021)

Benzotrifluoride*

e Benzotrifluoride is used as a solvent in preparation of
dyes and pesticides, and as an intermediate for
pharmaceuticals. It was detected in groundwater used
for drinking water in Italy as a result of improper waste
disposal practices. After 40 years from the
contamination, benzotrifluoride was still detected in the
examined groundwater system.

Carli et al.
(1983); Lava et
al. (2021)

Difluoromethane*

e Difluoromethane is used as a refrigerant and to make
other chemicals. Its atmospheric concentration has
been increasing since 2009.

Scaranto et al.
(2015)

1,1-Difluoroethane*

¢ 1,1-Difluoroethane is used as a refrigerant, propellant,
foam expansion agent, and a chemical intermediate to
make pesticides and consumer products such as
cleaning products and air fresheners.

Custer et al.
(2020)
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Chemical Exposure or potential exposure References
Bifenthrin®* e Bifenthrin is a pyrethroid insecticide used on numerous | CDPR (1997,

crops, in greenhouses, and buildings to control insects | 2020); Federal
such as ants, drywood termites, and silverfish. In 2020, | Register (2021)
307,581 pounds of bifenthrin was used in California.

Indoor use may result in higher occupational exposures

than outdoor use. Dietary exposure may occur through

its use on food crops, and the US Environmental

Protection Agency (EPA) has established tolerances for

bifenthrin on several types of fruits and vegetables.

e In 2006, bifenthrin was found in dust samples collected | Quirés-Alcala et
from low-income farmworker homes in Salinas, CA and | al. (2011)
urban homes in Oakland, CA at 23.9 and 2120 ng/g,
respectively.

e Bifenthrin and other pyrethroid pesticides were found in | Weston et al.
wastewater from the Sacramento, CA area with a (2013); Weston
combined concentration of 200-500 ng/L. et al. (20095)

Fipronil>* e Fipronil is an insecticide used to control ants, beetles, | CDPR (2020,
cockroaches, fleas, ticks, termites, mole crickets, thrips, | 2023); Federal
rootworms, weevils, and other insects and 19,710 Register (2007b)

pounds were used in California in 2020. The US EPA
has established tolerances on several types of fruits
and vegetables.

e Exposure pathways include dietary exposure from
residues on food and contamination of drinking water,
and dermal exposure from fipronil’s use in flea and tick
spray products.

¢ Fipronil sulfone, a metabolite of fipronil, has been
detected in serum of some North Carolina residents
who had no known exposure to fipronil or other
pesticides. This fipronil metabolite was detected in 25%
of the study subjects, at concentrations ranging from
0.1 to 4 ng/ml.

e Fipronil sulfone was also detected in cord blood
samples collected in China between February 2017 and
January 2021 at levels ranging from 0.04 to 2.98 ng/ml.

McMahen et al.
(2015)

Xia et al. (2022)
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Chemical Exposure or potential exposure References
Cyhalothrin®* e Cyhalothrin is a restricted use insecticide used to CDPR (2020);

control various pests on both agricultural sites (alfalfa, Federal Register
pistachio, lettuce, tomatoes) and non-agricultural sites, | (2007a);

including in and around buildings and structures. In
2020, 369 pounds of cyhalothrin were used in
California. Dietary exposure may occur through its use
on crops, and the US EPA has established tolerances
on several types of fruits and vegetables.

¢ Cyhalothrin residues were detected in dislodgeable
foliar residue (DFR) samples on grape leaves in
California. Subsequent investigation confirmed that the
cyhalothrin product, which was not registered for use
on grapes, was mistakenly mixed and applied at 35
times the highest legal rate for any crop.

e Cyhalothrin residues were detected in almost all tested
vegetables and fruits collected between July 2020 and
June 2021 from farmers’ markets in Egypt. Spinach had
the highest levels, in the range of 340-521 ug/kg.

Spencer and
O'Malley (2006);
El-Sheikh et al.
(2022)

Trifloxystrobin*

¢ Trifloxystrobin is a fungicide used on numerous crops
and in greenhouses. It is reported that 90,601 pounds
of trifloxystrobin was used in California in 2020.
Occupational and dietary exposure may occur through
its use on food crops, and the US EPA has established
tolerances on several types of fruits and vegetables.

CDPR (2020);
Federal Register
(2023b)

Ethalfluralin®

¢ Ethalfluralin is an herbicide used on several grains such
as soybeans, dry beans, and sunflower seeds. It is
reported that 35,979 pounds of ethalfluralin was used in
California in 2020. Occupational and dietary exposure
may occur through its use on crops, and the US EPA
has established tolerances on several types of crops.

CDPR (2020);
Federal Register
(2023a)

Bromethalin*

e Bromethalin is a rodenticide. It was detected in four
feral parrots that were poisoned in the Telegraph Hill
area of San Francisco, CA. The maximum levels of
bromethalin measured in feces, liver, and brain
samples were 18.37, 10.84, and 11.91 ug/qg,
respectively.

Van Sant et al.
(2019)

Epoxiconazole*®

e Epoxiconazole is a fungicide. It is not registered for
use in the US, but it is used in other countries. US EPA
has established import tolerances for epoxiconazole
(e.g., for bananas).

Federal Register
(2006)

* Chemicals that are not in the current “PFASs” designated chemical group, but which would be
included in the potential expansion to “PFASs and other substances with carbon-fluorine

bonds.”
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Table 6. Selected references on the known or suspected health effects of PFASs and
other substances with C-F bonds.

Chemical

Known or suspected health effects

References

PFASs

e Perfluorooctanoic acid (PFOA), perfluorooctane
sulfonate (PFOS), and perfluorononanoic acid (PFNA)
and its salts are on the Proposition 65 list as causing
reproductive toxicity, and PFOA and PFOS and its salts
and transformation and degradation precursors are
listed as causing cancer.

e The US EPA and California Environmental Protection
Agency (CalEPA) have identified a number of
additional PFASSs as posing health hazards such as
perfluorodecanoic acid (PFDA),
perfluorohexanesulfonic acid (PFHxS), perfluorobutane
sulfonic acid (PFBS), perfluorononanoic acid (PFNA),
and perfluoroundecanoic acid (PFUnDA) and their
salts.

e The California notification levels for PFOA, PFOS,
PFBS, and PFHxS in drinking water are recommended
at 0.0051, 0.0065, 0.002, and 0.5 ug/L by the Office of
Environmental Health Hazard Assessment (OEHHA),
respectively.

OEHHA (2023a)

OEHHA
(2015b);
OEHHA (2015a)

OEHHA (2023b)

PCBTF*

e PCBTF is classified as a Group 2B carcinogen and is
on the Proposition 65 list. An inhalation unit risk factor
has been established for it under the California Hot
Spots program.

IARC (2020);
NTP (2018);
OEHHA (2018,
2019)

Benzotrifluoride*

e Benzotrifluoride (trifluoromethylbenzene) in mid and
high doses has been reported to cause neurotoxicity
(increased excitability), affect the kidney (necrosis,
hyaline droplets, basophilic changes, dilatation of the
renal proximal tubules, renal hypertrophy and
discoloration), and the liver (centrilobular hepatocyte
hypertrophy) in rats gavaged with 20, 100, or 500
mg/kg/day of benzotrifluoride for approximately 49
days.

NTP (2005)

*

Tetrafluoroethylene

e Tetrafluoroethylene has been listed as a carcinogen
under Proposition 65 since 1997. It causes cancer at
multiple sites in multiple species.

NTP (1997)

Bifenthrin®*

¢ Bifenthrin causes neurotoxicity and is classified by the
US EPA as a possible human carcinogen (Group C)
based on increased incidences of urinary bladder
tumors observed in studies in mice.

Federal
Register (2021)



https://www.p65warnings.ca.gov/chemicals
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Chemical Known or suspected health effects References
e Bifenthrin has been reported to decrease sperm Bae and Kwon
motility and kinematic parameters at a concentration of | (2021)
100 uM in mice spermatozoa and cause detrimental
effects on sperm function.
¢ Bifenthrin lowered the serum testosterone levels in Jin et al. (2015)
mice treated with bifenthrin at doses of 7.5 and 15
mg/kg/day for three weeks and demonstrated
endocrine disruption activities when exposed during
puberty.
Fipronil® e Fipronil is classified by the US EPA as a possible CDPR (2023);
human carcinogen (Group C) based on increases in Mossa et al.

thyroid follicular cell tumors in both sexes of the rat,
and in 45-day studies in rats exposed via drinking
water. It induced lipid peroxidation, oxidative stress,
and liver and kidney injury in rats. Studies in animals
have shown that fipronil is also neurotoxic and can
affect thyroid hormone levels.

(2015); USEPA
(2020)

Trifloxystrobin*®

Trifloxystrobin has been shown to be highly
immunotoxic to zebrafish embryo development. It
induced oxidative stress in embryos through
increasing reactive oxygen species and
malonaldehyde (MDA), inhibiting superoxide
dismutase (SOD) activity and depleting glutathione
(GSH) as well as changed catalase activity and mRNA
levels of genes related to antioxidant system. Also,
exposure to trifloxystrobin affected the immune system
by significantly upregulating IFN and CC-chem as well
as changed expressions of TNFa, IL-1b, C1C and IL-8.
Exposure to trifloxystrobin resulted in diminished
viability in a human keratinocyte cell line (HaCaT) in
both a time- and concentration-dependent manner.
Trifloxystrobin induced TRAIL-mediated apoptosis and
had an inhibitory effect in keratinocytes that could
interfere with the barrier function and integrity of the
skin.

Li et al. (2018)

Jang et al.
(2017)

Ethalfluralin®

Ethalfluralin has been classified as a possible human
carcinogen (Group C) based on positive genotoxicity
assays (two positive Salmonella assays and a positive
assay for chromosomal aberrations) and the findings
from a two-year chronic carcinogenicity study in rats
(showing an increased incidence of mammary gland
fibroadenomas and combined
adenomas/fibroadenomas in female rats).

Federal
Register (2020)
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Chemical Known or suspected health effects References
e Studies indicated that oxidative stress generated by Hong et al.
exposure to ethalfluralin induced ROS generation, (2022)

apoptosis, inflammation, and anti-angiogenic effects in
the development of zebrafish embryos.

Epoxiconazole*

Epoxiconazole is listed as a carcinogen under
Proposition 65 and classified by the US EPA as a
likely human carcinogen.

In vitro and animal studies confirmed that
epoxiconazole had endocrine disrupting properties.
Also, in rats and rabbits it caused developmental
effects such as resorptions, skeletal variations and
malformations.

Epoxiconazole showed cytostatic/cytotoxic effects and
apoptosis on bovine lymphocytes.

EFSA (2008);
Federal
Register (2006)

Sivikova et al.
(2018)

*Chemicals that are not in the current “PFASs” designated chemical group, but which would be
included in the potential expansion to “PFASs and other substances with carbon-fluorine

bonds.”
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Table 7. Selected references on the analytical considerations of PFASs and other
substances with C-F bonds.

Analytical considerations References
e “Targeted analysis” using liquid chromatography-mass spectrometry (LC- De Silva et al.
MS/MS) allow detection of nonvolatile PFASs in water (drinking water, (2021)

surface water, groundwater), air/airborne particulates, food, solids (saill,
sediment, house dust), and consumer products. PFASs amounts can be
quantified by using commercially available chemical standards.

e “Suspect screening and nontargeted analysis” using high-resolution mass
spectrometry allow discovery and characterization of unidentified PFASs in
the environment. Comparing such information with chemical databases
that contain thousands of PFAS compounds enables identification of the
molecular structure of analytes without analytical standards. Such analysis
are typically qualitative.

e Gas-liquid chromatography mass spectrometry can measure PCBTF and | NTP (2018);
its glucuronide conjugates in urine, feces, blood, and tissues. There are Quistad and

studies which detected PCBTF after oral or inhalation exposure to Mulholland (1983)
animals.
e Time-of-flight mass spectrometry is used to measure PCBTF in urban air | Gkatzelis et al.
and suggested to be used as a tracer for solvent-based coatings. (2021); Stockwell et
al. (2021)
¢ 1,1-Difluoroethane can be measured in mixed exhaled air samples by Ernstgard et al.

automated thermal desorption and analyzed by gas chromatography, and | (2014)
in capillary blood and urine samples by head-space gas chromatography.

¢ Residues of pesticides such as bifenthrin can be detected in plants and Mukherjee et al.
crops by gas-liquid chromatography using an electron capture detector. (2010);

e CFMP (also known as CIF3CA) is an emerging metabolite for bifenthrin Tarazona et al.
and cyhalothrin and can be measured by liquid chromatography mass (2022); Makris et al.
spectrometry to use as a biomarker of exposure. (2022)

e Liquid chromatography-quadrupole time-of-flight mass spectrometry is McMahen et al.
used to detect and identify fipronil sulfone (a metabolite of fipronil) in (2015)
serum.

e Liquid chromatography with tandem mass spectrometry is used to detect | Park et al. (2021)
trifloxystrobin in hair samples of pesticide workers.

e Quadrupole time-of-flight mass spectrometry is used to identify aqueous Houtz et al. (2018)
film forming foam (AFFFs) derived PFASS, such as fluorotelomer thioether
surfactants (FTSHCs) that are released into the environment during
response to fire-related emergencies.
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Need to Assess Efficacy of Public Health Actions

Biomonitoring of PFASs and other substances with carbon-fluorine bonds would allow
Biomonitoring California to determine whether these chemicals are found in California
residents and at what levels. Expansion of the current PFASs designated chemical
group would be a resource efficient approach. For example, it would facilitate the use of
non-targeted laboratory screening methods, allowing the state to determine which
substances with at least one carbon-fluorine bond pose the highest exposure concerns
in California. Using this approach, Biomonitoring California could identify emerging
chemicals of concern and track their levels over time.
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