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PFAS In the News

04-06-2023 | DESIGN HEALTHWATCH

Those ‘forever chemicals’ on our Raincoats, undies, school uniforms: Are
[?zpilurc don’t actually prevent your clothes dripping in "forever
slains

SCIRMENE By Han
A new study finds PFAS in furniture ‘a clear case of nonessential use. Hi‘:\T':':T March

San Francisco poised to become first U.S. city

to ban 'forever chemicals' in firefighter gear

Firefighter gear is full of cancer-
causing PFAS. What can be done
about it?

WHQR | By Kelly Kenoyer
Published June 29, 2023 at 5:06 PM EDT n-n =

Firefighters worry about chemicals
in their gear, but alternatives could
present problems too

WUNC | By Will Atwater | North Carolina Health News
Published January 25, 2023 at 3:09 PM EST n n n =



What are PFAS?

e Per- and Polyfluoroalkyl Substances (PFAS)
* Per = Fully Poly = Many
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Perfluorooctanoic Acid (PFOA) 8:2 Fluorotelomer Alcohol (8:2 FTOH)
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PFAS Terminology
[ ]

fluoroalkyl Substances fluoroalkyl Substances
I I
| | I
Perfluoroalkyl acids (PFAASs) Fluorotelomer-based substances Fluoropolymers
Perfluoroalkyl carboxylic acids/ Perfluoroalkane Polymeric
Perfluoroalkyl carboxylates (PFCAs) sulfonamido substances Perfluoropolyethers (PFPE)
Perfluoroalkane sulfonic acids/ Polyfluoroalkyl ether carboxylic acids Side-chain fluorinated polymers
Perfluoroalkyl sulfonates (PFSAs)
Perfluoroalkane sulfonamides (FASAs)

ITRC, Naming Conventions and Physical and Chemical Properties of Per-and Polyfluoroalkyl Substances (PFAS), https://pfas-1.itrcweb.org/fact-sheets/



PFAS Chemical Properties

Perfluorooctane sulfonate (PFOS)

e Surface Active Agents

\FUM F.C-CF,-CF-CF-CF-CF -CF -CF, * | Head
— Same type of compounds as detergel
and soaps
— Hydrophilic (water-loving) and
Hydrophobic (water-hating) Tail Head

* Water and Oil Repellency
— All oil repellents also repel water
— Not all water repellents repel oils
— Harder to repel oil




PFAS Uses

 Many PFAS are thermally and chemically stable

* Resistance to degradation -> “Forever Chemicals”

 Can be difficult to tell if a chemical is treated with
PFAS PRODUCTS
THAT CONTAIN

' & Teflon®

= RIVERSIDE PUBLIC UTILITIES VS.

POLYFLUOROALKYL SUBSTANCES (PFAS)




PFAS Release to the Environment

* Exposure sources vary
regionally

— Industrial inputs

— Land application of sewage
sludge

— Consumer products
e Carpeting, upholstery
* Cosmetics
* Food packaging

Atmospheric Biosolids on Wet and dry
release agricultural fields ~ deposition
LH LB Incinerator

f Solid waste stream
Commercial Occupational/

Primary users household users Landfill

producer  ppag Wastewater
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Figure. PFAS contamination can be found where PFAS is made, used, disposed of, or spilled.
PFAS contamination is likely near facilities that use or have used fluorochemicals, commercial
airports, military bases, wastewater treatment plants, farms where sewage sludge may have been
used, or landfills or incinerators that have received PFAS-containing waste.




Human Exposure to PFAS

Fact: >99% of the US population has PFAS in their blood

* Inhalation (gas-phase & particle)
* |nadvertent ingestion of dust
* Transfer across placenta in utero

* Ingestion of contaminated food, & drinking water




Human studies suggest SPRTFAS
PFAS exposure may...

Testing Network

increase risk of thyroid
disease
increase blood cholesterol
levels
decrease the body’s
response to vaccines
decrease fertility
in women
increase risk of high blood
pressure & preeclampsia
lower infant birth
weight

CANCER in pregnant

in adults in children e aaen

Information sourced from Agency for Toxic Substances and Disease Registry | Additional health effects have been reported and those highlighted demonstrate a range of potential effects.




- . NATIONAL i
PFAS Clinical S
Guidance

Guidance on PFAS Exposure,
Testing, and Clinical Follow-Up

Report released online July 28, 2022

» Scientists and medical doctors
evaluated the scientific literature

« Looked for epidemiological evidence

« Developed clinical guidelines and
cancer screening recommendations
based on blood levels




. . A >20 (ng/mL) PFAS*
P FA S & ‘ I I n I C aI ‘ ar e Encourage PFAS exposure reduction if a source of exposure is identified, espe-
cially for pregnant persons.

In addition to the usual standard of care, clinicians should:

* Prioritize screening for dyslipidemia with a lipid panel (for patients over
age 2) following American Academy of Pediatrics (AAP) recommendations

° CaIC u Iate the S u m Of these 7 P FAS : Loi;:-i?i:l;ricfguclzilldren and American Heart Association (AHA) guidance for

* At all well visits:

* Conduct thyroid function testing (for patients over age 18) with
serum thyroid stimulating hormone (TSH),

* Assess for signs and symptoms of kidney cancer (for patients over
- P FOA age 45), including with urinalysis, and
* For patients over age 15, assess for signs and symptoms of testicu-

—_ P FOS lar cancer and ulcerative colitis.
— PFHxS

Encourage PFAS exposure reduction if a source has been identified, especially
_ P F DA for pregnant persons.
Within the usual standard of care clinicians should:

- P F U ndA * Prioritize screening for dyslipidemia with a lipid panel (once between 9
M e FOS > and 11 years of age, and once every 4 to 6 years over age 20) as recom-

mended by the AAP and AHA.

« Screen for hypertensive disorders of pregnancy at all prenatal visits per the
American College of Obstetricians and Gynecologists (ACOG).

« Screen for breast cancer based on clinical practice guidelines based on

° If >20 ng/m L’ recommended medlcal ggz@gg%:I(e::;irscl;ffﬁj;rss_r?;'chusfhoserecommended by US Preventive
screenings for high cholesterol, thyroid
disease and some cancers

AN

2-<20 (ng/mL) PFAS*

J \_

Provide usual standard of care

 Note: not all PFAS are measured in blood
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What are the Primary Sources of Exposure
to PFAS?




PFOA Exposure in the General Population

* On average, >90% of our exposure “High” Levels in Drinking Water (~500 pptr)
to PFAAs is from our drinking
water & food

— Drinking water dominates

M Indoor air [85]
exposure when levels are above

100 pptr 0O Outdoor air [85]
O House dust [86]
— PFAS exposure in food still W Diet [87]
im portant @ Drinking water [91]

. . @ Consumer articles [89]
— Indoor exposure Is minor

contribution in these situations O Precursors (FTOHs) [83]

Source: Vestergren et al. 2009 -
B



PFOA Exposure in the General Population

“Indoor environment”

* On average, 75-80% of our {_A_\
exposure to PFAAs is from our

diet when

M Indoor air [85]

O Qutdoor air [85]

O House dust [86]

| Diet [87]

B Drinking water [88]

@ Consumer articles [89]
O Precursors (FTOHs) [83]

— Low levels of PFAS in drinking
water (<5 pptr)

* Greater percentage of
exposure coming from
indoor air/dust and
precursors

Source: Vestergren et al. 2009 14
L



Question: Are PFAS Treated Furnishings
Contributing to Human PFAS Exposure?




PFAS Treated Furnishings

Stain repellent treated carpets Stain repellent treated furniture



From Source to Dose
(knowns and unknowns)

= —

Treated Products Exposure Media Internal Dose
(air, dust) (blood levels)




PFAS Levels Iin Dust Associated with Carpeting

e Dust was collected in NC homes

. . . . |——— Fire Stations |} Homes ——]
and in the living quarters of fire 1000000+ oo s |
stations 5 tonono- | T

*E?:{ 10,000
bt g
* Some PFAS (FTOHs) were higher f“’ b %
in homes with more carpeting, e =
suggesting carpeting was a A

3 Carpeted E3 Less or No Carpet

source

Hall et al. 2020




PFAS Levels Iin Dust Associated with Carpeting

Contents lists available at ScienceDirect
Chemosphere
g Chemosphere i
PY Paired Sa m pIeS Of dust and Snips journal homepage: www.elsevier.com/locate/chemosphere
Of t h e Ca rpet fi be rS We re Per- and polyfluoroalkyl substances in paired dust and carpets from ;!l

childcare centers =

L] L] . . +
CO I I ecte d I n C h I I d Ca re Ce nte rS Yan Wu ?, Kevin Romanak “, Tom Bruton Ij, Arlene Blum h. Marta Venier *
* O'eill School of Public and Environmental Affairs, Indiana University, Bloomington, IN, 47405, United States
® Green Science Policy Instit

mental Affairs,
stitute, Berkeley, CA, 94709, United States

* PFAS levels in the carpet fibers ‘? Ny =

- ,, s

. . f I I d . h I PFOA (7) Carpet | Pres 4]
were signiticantly correlated wit Bo, g P
-5 Fron o | s2FTeA®

levels measured in dust 2O 0 N

= ’»' Other PFASs
é -

Dust




PFAS Levels in Blood Associated with Carpeting

* Analyzed PFAS blood levels reported in
NHANES dataset based on survey
characteristics of the home

* Two PFAS in blood (PFHxS and
MeFOSAA) were significantly higher in
individuals living in homes with low pile
carpeting compared to individuals in
homes with smooth surfaces

* 19-24% higher in blood when living in
home with low pile carpeting

Contents lists available at ScienceDirect .
envirenmental,

Environmental Research

) S
ELSEVIER

journal homepage: www.elsevier.com/locate/envres

Household low pile carpet usage was associated with increased serum PFAS | &5
concentrations in 2005-2006

Yachen Zhu", Annie Ro”, Scott M. Bartell "




PFAS Precursor Degradation in Textiles

 PFAS treatments on textiles can break down over time to form
volatile PFAS. See example below

R FR FR F RFRF @
F F F F F 5
F-CF F-C-F F-CF FC-F W/\OH i OH
FLF FLF F<LF F-LF FFFFFF
F>F F>F F>F F)F, . F FF FF F
r{r F{r  rdr e{r “Weathering”  6:2 FTOH Metabolism
FFF F}F  FIF F)F PFHxA
F4F F4F FLF F-LF
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RARIs o s XM N
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M 8:2 FTOH F FF FF FF F
PFOA

Polyfluoroalkyl-based repellent finish

Measured in air/dust Measured in blood




“Precursors” can form harmful PFAS

* Air sampled in office buildings
(both new and old)

* Blood collected from office
workers

e 8:2 FTOH levels in air were
significantly correlated with
PFOA levels in blood

(
Eg!lﬂ[l (AL =
ence&lechnolog

. in the number, type, and age of potential sources such as carpeting, furniture, and/or paint. ‘

N

Polyfluorinated Compounds in Serum Linked to Indoor Air in Office
Environments

Alcia J. Fraser,i' Thomas F. Webste:r,i' Deborah J. Watkins,? Jessica W. Nglson,i- Heather M. Stapleton_:f:
Antonia M. Calafat,’® Kayoko Kato,® Mahiba Shoeib, Verénica M. Vieira,” and Michael D. McClean®'

"Boston University School of Public Health, 715 Albany Street, T4W, Boston, Massachusetts 02118, United States
#Nicholas School of the Environment, Duke University, 450 Research Drive, Durham, North Carolina 27708, United States

Division of Laboratory Sciences, National Center for Environmental Health, Centers for Disease Control and Prevention, 4770
Buford Highway NE, Mailstop F53, Atlanta, Georgia 30341, United States

IScience and Technology Branch, Environment Canada, 4905 Dufferin Street, Toronto, Ontario, M3H 5T4 Canada

© Supporting Information

ABSTRACT: We aimed to investigate the role of indoor P frFrrFrF f FEWF RLF Fj
e ai e inate &) X

office air on exposure to polyﬂuormatufl con?pounds.(PFCs) FW\/(WOH F

among office workers. Week-long, active air sampling was ¢ % "' &' r ¢ ¢ Q_)} FEFE FF F

conducted during the winter of 2009 in 31 offices in Boston, 8:2 FTOH . PFOA

MA. Air samples were analyzed for fluorotelomer alcohols “AR SERUM

(FTOHs), sulfonamides (FOSAs), and sulfonamidoethanols

(FOSEs). Serum was collected from each participant (n = 31) and analyzed for 12 PFCs including PFOA and PFOS. In air,
FTOHs were present in the highest concentrations, particularly 8:2-FTOH (GM = 9920 pg/m®). FTOH:s varied significantly by
building with the highest levels observed in a newly constructed building. PFOA in serum was significantly correlated with air
levels of 6:2-FTOH (r = 0.43), 8:2-FTOH (r = 0.60), and 10:2-FTOH (r = 0.62). Collectively, FTOHs in air significantly
predicted PFOA in serum (p < 0.001) and explained approximately 36% of the variation in serum PFOA concentrations. PFOS
in serum was not associated with air levels of FOSAs/FOSEs. In conclusion, FTOH concentrations in office air significantly
predict serum PFOA concentrations in office workers. Variation in PFC air concentrations by building is likely due to differences




Ongoing Research Study

FAS &
NITEDD

Dr. Courtney

H . Carignan
Recruitment: Michigan State Univ.

Samples collected: June — November 2021

* Flyers
+ Local Newspaper Ads N = 87 individuals N = 32 homes

* Facebook Ads

alin
Inclusion Criteria: .: ' A
L]
* Living in or former resident of —
drinking water impacted — P
Michigan community
* Children or adults * Questionnaire * Passive air sampler
* Consumed city water or had a » Blood serum collected * Investigator collected
private well from 2005-2018 * Wristband worn for 1 dust

week
23




Wearable Samplers:
The Silicone Wristband

 Wristbands firstintroduced as
a wearable personal passive
sampler to measure ambient

Exposure Routes

exposure in occupational Inhalation ® ) Diet
settings and in the general
population (o’Connell et al., 2014) Dermal ——_ >

/

Inadvertent dust
ingestion?

Me¥als




PFAS in Wristbands Predict Blood PFAS

(Note: Data is plotted on a log scale)

[}
1.00 r, = 0.90
’é\ p-value < 0.01
35 0.50
C
Q
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H &D 0.20
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3 -
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O 0.05 - o
L ° ° - emeo
% o0
Z' 002 - o eee o @me
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01 0.2 05 10 20 50 10.0 20.0

MeFOSE (ng/g wristband) >

Hoxie et al., Under Review
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N-MeFOSAA (ng/g serum)

PFAS in Wristbands Predict Blood PFAS

(Data is plotted on a log scale)

1.00

0.50

0.20

0.10

0.05

0.02

0.01 +

rs = 0.90
p-value < 0.01

\ T T T T T T \
01 0.2 05 10 20 5.0 10.0 20.0

MeFOSE (ng/g wristband)
>

» Suggests that >80% of exposure is from
indoor air or dust

Hoxie et al., Under Review
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More Time Indoors = More PFAS Exposure

L ==

**p-value = 0.01
***p-value < 0.01

e Participants completed a survey and
reported on average time spent in —
the home per day

* Wristband MeFOSE levels were ~2X
higher if spent more than 17hrs in .
the home per day | MeP;OSE EtF-OSE

Log Concentration (ng/g)

 MeFOSE levels also higher with age

of participant
Hoxie et al., Under Review
27




LATEST TOPICS~  MAGAZINE~  FEATURES~  COLLECTIONS~  PODCASTS CHEMPICS JOBS Q@ f

CHEMICAL & ENGINEERING NEWS

The EPA asks for more PFAS toxicity tests

3M, Wacker Chemical need to fill in data holes for AMeFOSE

by Leigh Krietsch Boerner
March 27, 2024 | A version of this story appeared in Volume 102, Issue 10

CALL FOR PAPERSE]

R FRFRFD
\

B D Machine
Learning

F FF FF FF F

INMATERIALS SCIENCE

N-MeFOSE @ ACsPublication




Changes in the Carpet Industry

Results:

e The carpet industry had recently shifted from the

&GPROEEIDéYSIChlIESP“—ﬁ-%TE OURWORK ABOUT NEWS & EVENTS HARMFUL CHEMICALS  RESOURCES Q

and came into the workshop believing the chemical
industry claim that C6 was not problematic. After Home Depot to phase out some
learning that C6 and likely the whole class of PFAS PmduusmntMg PFASChemlcals
were also harmful during our workshop, the

companies all agreed at the end of the day to phase out all PFAS including C6 and other
short chains substitutes.

year

e Several leading carpet manufacturers have told us our workshop and follow-up meetings

T —— : S were a catalyst for their moving away from all PFAS to better chemistries.
i Case Stu dy PFAS in Ca rpeti ng = * Manufacturers that have completely phased out PFAS include Engineered Floors, Interface,

Shaw, and Tarkett.

Research + Partners + Communications = Change
e As of January 2020, retailers The Home Depot and Lowe's have stopped selling any carpets
and rugs treated with PFAS.

e In March 2021, major carpet manufacturer Shaw Industries gave our Institute aleadership
award for our work supporting “the wellbeing of people and the planet amid the
unprecedented challenges of 2020.”

e OnJuly 1, 2021, the California Department of Toxic Substance Control, who had
participated in our 2018 workshop, designated carpets and rugs containing PFAS as a
Priority Product for regulation.




Challenges in the EPA Reporting Rule

-~ There are a lot of unknown uses of PFAS — tracking in
T the supply chain can be difficult

ee How do you define PFAS?

f How do you measure PFAS?




Is It a PFAS?

Fipronil Prozac




EPA PFAS Reporting Rule:
Is it a PFAS?

- : F
= f R
; o F——F
a: a O F 5
R'——R
F——R F —l—R' F——
R" F F
where R, R, R" = where R, R' = F, O, where R’, R” = F,
any substituent or CR1R2R3 or CR1R2R3
Structure 1 Structure 2 Structure 3




Analyzing Materials for PFAS

e Qualitative

— Total Oxidizable Precursor (TOP) assay — measures the mass of
PFAS precursors that can break down into the PFAAs (more toxic

forms)
— Particle-induced gamma-ray emissions (PIGE) spectroscopy — R—
measures elemental fluorine on thin surfaces S~g———

— Adsorbable organic fluorine (AOF) or extractable organic fluorine
(EOF)- measures the organofluorine content of a sample as
fluoride using combustion ion chromatography.

* Quantitative
— Mass Spectrometry
* Do you want to measure neutral/volatile PFAS or ionic/aqueous PFAS?
* Targeted or untargeted

Thermo Scientific® Q Exactive™ GC
Orbitrap™ GC-MS/MS




Closing Points

PFAS exposure is ubiquitous

ldentifying which products/uses contributes most to human
exposure is incredibly difficult due to unknown
applications/uses in the home

Diet is a dominant exposure route for some PFAS; however,
exposure to N-MeFOSAA appears to be primarily via inhalation
indoors

More transparency in PFAS use can help identify where there
are risks for exposure and where there is no/minimal risk
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High PFAS Exposure and Cancer

FFFFFFFF

F FF FF F on
F4C OH F4C <
FFFFFF IITO
FFFFFF O 0
Group 1 Carcinogen Group 2B Possible Carcinogen

» Kidney cancer — sufficient evidence for association with PFOA

» Testicular cancer - suggestive evidence for association with PFOA

* Breast cancer — limited and inconsistent evidence

36




St

An Outdoor Aging Study to Investigate the Release of Per- And
Polyfluoroalkyl Substances (PFAS) from Functional Textiles

Steffen Schellenberger, loannis Liagkouridis, Raed Awad, Stuart Khan, Merle Plassmann, Gregory Peters,
Jonathan P. Benskin, and lan T. Cousins™

ite This: Environ. Sci. Technol. 2022, 56, 34713479 E Read Online

ACCESS| [l Metrics & More | Article i | o

ABSTRACT: The emission of per-and polyfluoroalkyl substances (PFAS)
from ional textiles was i via an outdoor weathering
experiment in Sydney, Australia. Polyarmdc (PA) textile fabrics treated with
different pellent, side-chain fluorinated polymers (SEPs) were

exposed on a rooftop to multiple natural sressors,including direct sunlight,
7 i

precipitation, wind, and heat for ths. After
stress was applied to the fabrics through abrasmn and uaslm\g Textile

ion using a multipl analytical approach revealed loss of
both PFAS- ining textile (eg, bers) as well as
formation and loss of low molecular weight PFAS, both of which occurred
throughout weathering. These changes were accompanied by a loss of color
and water repellency of the textile. The potential formation of
perfluoroalkyl acids (PFAAs) from mobile residuals was quantified by
oxidative conversion of extracts from unweathered textiles. Each SFP-textile
finish emitted a distinct PFAA pattern following weathering, and in some cases the concentrations exceeded regulatory limits for
textiles. In addition to transformation of residual low molecular weight PFAA-precursors, release of polymeric PFAS from
degradation and loss of textile fibers/particles contributed to overall PFAS emissions during weathering.

KEYWORDS: PFAS, diffuse emissions, textile weathering, microplastic fibers, total fluorine analysis, functional textile

Part 1 Fabric impregnation

SFP Fabrics

Part 2 Weathering Part 3 Additional stressors

sde. SO~ CaFo
F 3 chain SC= CgF13
SC)
£) ©9 sc=ceFyr
Polymer .
backbone Abrasion
Controls
-Unexposed (XX}
-Untreated
-Sealed m
-Untreated ) ‘
spiked with time
T & PFAAs 0 Month
Srabacs | 3 Month
PAfabric =,  E——
6 Month Domestic washing

v v v

Investigation of loss processes Change of material properties
(Supporting Information)

Fiber Total Targeted analysis

) é of PFAS Water Color
c?i:;?if)t: :::Ims‘?s HPLC MS/MS; repellency change
s Y TOP assay; Spray Grey
cic Orbitrap-HRMS test scale
. ] Loss and
Fiber/particle| [ Total loss || 4»hcformation
loss of PFAS of known PFAS

Schellengerger et al. 2022
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