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SIGNS FROM OSCODA

Foam may have high amounts of PFAS.

Rinse off foam after contact. Rinsing
in the lake or river is okay.

Bathe or shower after the day’s
outdoor activities.

PFAS contaminated foam can:

* Be bright white = Be lightweight
« Pile up like * Be sticky o~}
shaving cream * Blow inland o~

Touching the water is not a
health concern. Enjoy swimming, @ gﬁg
boating, and fishing. =

Do not allow pets to drink foamy water. Rinse
pets with water after contact with foam to
avoid swallowing PFAS that may be on their fur.

For more mformatlon, call MDHHS at 800-648-6942

Do not eat deer from
the advisory area. High
amounts of PFAS may be
found in deer and could
be harmful to your health.

Map Legend

Clark’s Marsh Town Range
Advisory Area USFS Land

Sections State Land

For more information, call MDHHS
at 800-648-6942 or visit
Michigan.gov/PFASres;
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MICHIGAN PFAS SITES

EG LE Department of Environment, Great Lakes, anc

230 records Z? ¢
e .

om/datasets/egle::michigan-pfas-sites/




MICHIGAN PFAS SITES

EG LE Department of Environment, Great Lakes, and Energy

230 records ‘ ’ L

" \

\

\
|
s

.com/datasets/egle::michigan-pfas-sites/
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PFAS ACRONYM

 Historic: Perfluorinatedalkyl Substances

* Recent: Perfluorinated and Polyfluorinatedalkyl
Substances

e Shorthanded: Per- and Polyfluorinated
Substances

EPA used a limited definition of PFAS: “Chemicals with at least two adjacent carbon atoms, where one carbon is fully fluorinated and the other is at least partially fluorinated.”

For the purposes of Nov 2022 CCL 5, the structural definition of per- and polyfluoroalkyl substances (PFAS) includes chemicals that contain at least one of these three structures:
(1) R-(CF2)-CF(R')R", where both the CF2 and CF moieties are saturated carbons, and none of the R groups can be hydrogen.

(2) R-CF20CF2-R', where both the CF2 moieties are saturated carbons, and none of the R groups can be hydrogen.

(3) CF3C(CF3)RR', where all the carbons are saturated, and none of the R groups can be hydrogen.
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PFAS OR NOT

In 2017, the International Agency for Research on Cancer (IARC) classified perfluorooctanoic acid (PFOA), the most well-studied per-
and polyfluoroalkyl substance (PFAS), as a possible human carcinogen based in part on limited epidemiologic evidence of associations
with cancers of the kidney and testis in heavily exposed subjects.
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Perfluorooctanoic Acid = PFOA
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MosT WELL-STUDIED PFAS
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PFOA PFOS

Perfluorooctanesulfonic acid

On August 26, 2022, EPA proposed designating these as hazardous substances under CERCLA, or Superfund. This rulemaking would increase
transparency around releases of these harmful chemicals and help to hold polluters accountable for cleaning up their contamination.
March 3, 2021, EPA made final determinations to regulate perfluorooctanesulfonic acid (PFOS) and perfluorooctanoic acid (PFOA) in drinking water

MI,PHIDSafe Drinking Water Act (SDWA).



PFOA AND PFOS

PFOA and PFQOS are:

« man-made chemicals

* have been widely used in industry and consumer products
since the 1940s

* remain in the environment for a long time.
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FLUORINATED CHEMICALS

Fluorinated organic substances:
« overwhelmingly man-made chemicals

* have been widely used in industry and consumer products
since the 1940s

The most famous naturally existing organic fluorine containing compound is probably
monofluoroacetic acid (FCH,CO,H). This compound is found in a South African plant
called “Gifblaar,” which is known to be so poisonous that ingesting only a half of its leaf is
enough to kill a cow.
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EPIDEMIOLOGY
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epidépniolog'i{: study was

published in 1775 by Percival

Pott of Saint'Bartholomew's

Hospital in London, who

described cancer of the scrotum

in-chimney sweeps,#aus William Perkin commercial by
constant exposur & 1857. BASF founded in 1865.
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EPIDEMIOLOGICAL STUDIES OF PFOA AND PFOS

Research involving humans suggests that high levels of
certain PFAS may lead to the following:

Increased cholesterol levels
Decreased vaccine response in children
Changes in liver enzymes

Increased risk of high blood pressure or pre-eclampsia in pregnant
women

Small decreases in infant birth weights

Increased risk of kidney or testicular cancer
MJPhD

https://www.atsdr.cdc.gov/pfas/health-effects/index.html



PFAS OR NOT

3 F

F Perfluoro but
not alkyl
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NEW OECD DEFINITION

PFASs are defined as fluorinated substances that contain at
least one fully fluorinated methyl or methylene carbon atom
(without any H/CI/Br/l atom attached to it)

With a few exceptions, any chemical with at least a
perfluorinated methyl group (—CF3) or a perfluorinated
methylene group (—CF2-) is a PFAS.

from Reconciling Terminology of the Universe of Per- and
OE‘ D Polyfluoroalkyl Substances: Recommendations and
Practical Guidance, July 2021
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EVOLVING EPA DEFINITION

EPA used a limited definition of PFAS: “Chemicals with at least two adjacent carbon atoms,
where one carbon is fully fluorinated and the other is at least partially fluorinated.”

Per- and polyfluorinated substances that structurally contain the unit R-(CF,)-C(F)(R’)R”
where both the CF, and CF moieties are saturated carbons and none of the R groups (R, R,
or R”) can be hydrogen. 2021 Multi-industry Report

As of November 2, 2022 Contaminant Candidate List (CCL) 5, the structural definition of
PFAS includes chemicals that contain at least one of these three structures:

1. R-(CF2)-CF(R")R", where both the CF2 and CF moieties are saturated carbons, and none
of the R groups can be hydrogen.

2. R-CF20CF2-R’, where both the CF2 moieties are saturated carbons, and none of the R
groups can be hydrogen.

3. CF3C(CF3)RR’, where all the carbons are saturated, and none of the R groups can be

The Contg}}{ﬂﬁﬂwﬁdidate List lists contaminants currently not subject to any proposed or promulgated national primary drinking
water regulations but are known or anticipated to occur in public water systems. Contaminants listed may require future regulation
under the Safe Drinking Water Act. MJPhLD



PFAS OR NOT
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PFAS OR NOT
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Tetrafluoroethylene
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PFAS OR NOT
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PFAS OR NOT
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Hexafluoropropylene oxide (HFPO) dime igﬂits %monium salt, FRD-902 (ammonium (2,3,3,3-tetrafluoro-2-
(heptafluoropropoxy)propanoate)), are known as “GenX chemicals” because they are used in the GenX process. GenX is the
Chemours trade name for technology used to make fluoropolymers without PFOA.
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PFAS OR NOT
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PFAS OR NOT
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PFAS OR NOT

One of the most
in more than
persistent p

used fluorinated pesticides is bifenthrin. It targets insects’ nervous system and is the prime ingredient
esticide formulations used on corn, soy, vegetables, berries and orchard crops. Bifenthrin is also a
nt with a half-life of 97 to 345 days in soil, depending on soil type.

CH,
Bifenthrin
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https://water.usgs.gov/nawqa/pnsp/usage/maps/show_map.php?year=2018&map=BIFENTHRIN&hilo=L

PFAS OR NOT

Metofluthrin is a pyrethroid used as an insect repellent. The vapors of metofluthrin are highly effective and capable of repelling
up to 97% of mosquitoes in field tests. Metofluthrin is used in a variety of consumer products, called emanators, for indoor and

outdoor use. F

F
O/
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Metofluthrin
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PFAS OR NOT

Eli Lilly introduced Prozac (fluoxeine) in Jan 1988. It is the first marketed selective serotonin reuptake inhibitor. Over 25
million prescriptio er yirgilw US alone - estimated over 100 million world wide. Atop 25 drug. Listed by WHO as an

essential medi n. Be lling antidepresant of all time.

_N O

Fluoxetine = Prozac
MJPLD



PFAS OR NOT

Aprepitant, sold under_ the brand name Emend among others, is a medication used to prevent chemotherapy-induced nausea

and vomiting and operative nausea and vomiting.
| 07 ™ HN-NH
N

F
Aprepitant

2005 Green Chemistry Challenge winner
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PFAS OR NOT

Nirmatrelvir is an antiviral medication developed by R{izer whi€h acts as an orally active 3C-like protease inhibitor. It is part of a
nirmatrelvir/ritonavir combination used to treat COVID- d sold under the brand name Paxlovid.

O

NH

Nirmatrelvir = Paxlovid
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https://www.youtube.com/watch?v=vl_a4YhuQ88

AFFF (AQUEOUS FILM-FORMING FOAM)

Ay

— ':\\‘; . ! - < : - ~ : ’
‘ hitps:/iwww,youtube,com/watch?v=4Aoc4ffXIRA W i

s

s https://www.pbs.org/newshour/show/why-pfas-are-so-impervious- —
== and-who-is-most-at-risk-from-the-forever-chemicals e

_ https://wwa¥aegbook.com/WillistonFire/videos/et15-foam-
;s operatlons/189995538@3583/ aqueous film or

polymeric membrane
'. vV V

e
foam blanket

as a low V|sc05|ty and spreads rapidlyspcross the surface of most hydro
_ A water film forms bene lta&h ﬁ-&ﬁctmalqmd fuel, stopping th
flammable vapo | ockdown, an import

ue firefighting.



https://en.wikipedia.org/wiki/Hydrocarbon
https://www.youtube.com/watch?v=4Aoc4ffXlRA
https://www.pbs.org/newshour/show/why-pfas-are-so-impervious-and-who-is-most-at-risk-from-the-forever-chemicals
https://www.facebook.com/WillistonFire/videos/et15-foam-operations/1899955386733583/

Several studies found polytetrafluoroethylene (PTFE) cookware to contain residual PFOA in the low ug/kg range, concluding that
fluoropolymer food contact materials were not likely to be a major source of PFASs. PFCAs, particularly PFOA, and fluorotelomer
alcohols (FTOHs) have been shown to be released from coated cookware at normal cooking temperatures. Studies of migration into
food during the cooking process are inconclusive. Only relatively small amounts are released into foods, when compared to
concentrations that are found in the raw food.
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WATER-REPELLANT TREATMENTS / STAIN-RESISTANT TREATMENTS
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Not Protected

Initial se rouc lis fr surface treatment applications were develpéd in
1957 and marketed under the trade name of Scotchgard, and paper and packaging
Nf,tﬁlisations in the 1960s marketed under the trade name of Scotchban.
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GREASE-RESISTANT FOOD PACKAGING
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CR's Food Packaging Test Results

These results show levels of total organic fluorine, a measure of PFAS, in 118 food packaging products gathered
from major fast-food and fast-casual restaurants, as well as supermarkets. PFAS in food packaging have been
linked to potential harms to human health and the environment. Products with two red squares have 100 parts per
million organic fluorine or more. Starting next year, California will ban food packaging that exceeds that level.
Products with one red square have 20 ppm organic fluorine or more, a stricter standard for food packaging set by
Denmark. CR supports that lower cutoff.

[ | [ ] | ND

20 ppm or more 100 ppm or more Not Detected
Burger King Five Guys

Bag for cookies, French toast sticks . . 3457 Wrapper for hamburger, aluminum foil 8.0

Wrapper for Whopper . . 2497 Container for french fries ND

Bag for chicken nuggets [ ] | 165.0 Wrapper for vegetable sandwich, aluminum foil ND

Container for french fries 13.0 Wrapper for hot dog, aluminum foil ND

Container for chicken, french fries 12.0

Container for tater tots 8.5 SWEEtgreen
Paper bag for focaccia B 288.0
Fiber bowl for salad 9.3
Fiber bowl for sides, meals 8.8

M_' PI'I D https://www.consumerreports.org/pfas-food-packaging/dangerous-pfas-chemicals-are-in-your-food-packaging-a3786252074/
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Percent increase in PFAS serum
concentration per 100 kilocalories in last 24 hours

10% =

PFOA PFNA PFDA PFHxS PFOS ZPFAS
[ ® Female
'y
A Male
5% o u
T t ? Fast food or pizza restaurant

m-##;# ##;# o

-5% =
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Other restaurant
Other food outlet, eaten at home

Other food outlet, not eaten at home

——
-
—=
.
—,
—
+
®- =
® o @ @ @

++ ++ ++ #

Popcorn

Susmann, Herbert P., Laurel A. Schaider, Kathryn M. Rodgers, and Ruthann A. Rudel. "Dietary habits related to food packaging and population exposure to PFASs." Environmental

health perspectives 127, no. 10 (2019): 107003. https://doi.org/10.1289/EHP4092
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PERSONAL FIREFIGHTING WATER RESISTANT PAINT COSMETICS
CARE PRODUCTS FOAMS CLOTHING
<= PFAS D
NON-5TICK PHOTOGRAPHY
COOKWARE
FAST FOOD STAIN RESISTANT STAIN RESISTANT MICROWAVE
PACKAGING FURNITURE PRODUCT POPCORN BAGS PESTICIDES

https://atslab.com/prop-65/pfas-regulations/
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2

into surface water and groundwater. Smokestack emissions
can also deposit the chemicals into waterways. Aills

" v.“." = Qg e - .,

dieposed ¢ PPAS s
landfills can leach

v Firefighting foams used at airports,
into groundwater military bases and other facilities can

or travel via runoff release PFAS to surface and groundwater.
S\ into surface water, :

Manufacturing site
@

Farms
Sludge from wastewater
treatment plants, called
: biosolids, can contain PFAS and is
lic 2 jvate T
DO Pubec s priyss often spread on farms as fertilizer,
water wells can contain
PFAS-tainted groundwater. leading to food, groundwater and
o surface water contamination.

How PFAS cycle through 0
the environment e @ & PFAS can poliute
Forever chemicals cycle through the & . A ( 9 8] drinking vo'rater because
environment in the air, water, soil and " - ‘ public utilities are not
sediments ~ and can eventually \ A designed to remove
accumulate in wildlife and people. X § [ the chemicals.

| - .

9

. not designed to remove PFAS.

R Treated water that contains PFAS
can be discharged downriver toother  Waste to treatment
public drinking water systems. plants

®o 9&
ety 0. R LBe
o EEEE 090k

https://mww.sciencenewsdigital.org/sciencenews/library/item/november_19_ 2022/4055387/
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Touching lake, river, or stream water that has PFAS is not an immediate health concern. You should avoid
drinking or accidentally swallowing waggr:- ROMGh IS Qe ialaideling foam on the water that might be
contaminated with PFAS. After Réiingd e Siainicir: " hands and rinse pets to prevent

swallowing PFAS that may be (i
Naturallygoccurrlng foant. Avoid Foam pFAS foam

Foam may have high amounts of PFAS.

Rinse off foam after contact. Rinsing
in the lake or river is okay.

Bathe or shower after the day’s
outdoor activities.

PFAS contaminated foam can:

« Be bright white * Be lightweight
« Pile up like « Be sticky
shaving cream » Blow inland

Touching the water is not a
health concern. Enjoy swimming, @
boating, and fishing. =

Do not allow pets to drink foamy water. Rinse ;
pets with water after contact with foam to
avoid swallowing PFAS that may be on their fur.

For more mformahon, call MDHHS at 800-648-6942

or visit www.michigan.ioleFASresgonse_
m’“*‘s ?i&liﬁ.u@ié GiE

Is off-white and/or brown "ESLE %o 0 Can have bright white coloring
Often accumulates in bays, e B Tendsto pile up like shaving cream
where there is circular movement of water or Can be sticky

river blockages May blow inland and collect on lake
May smell earthy or fishy shores and river banks

Is usually lightweight
MJPhD



non-detectable in Midland municipal water:
https://www.cityofmidlandmi.gov/ArchiveCenter/ViewFile/ltem/757

non-detectable in Mt. Pleasant municipal water:

https://www.mt-
pleasant.org/docs/dept/water/reports/2021_Annual_Drinking_Water_
Quality_Report.pdf

MJPLD
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Sl o a) Box-plot with concentrations
(ng/mL) of log transformed PFOS
2.001 by consumption of trout and char
° from the aqueous film-forming
1501 T T foam (AFFF)-affected waters of
E Langvatnet, Lavangsvatnet, and
£ Tarstadelva.
o 1.00
L
o
: | :
= 501
o
o
.00 o "
-.507
No conslumptnon Low con;umption Modlerate High con;umption

consumption
Consumption of local trout and char from AFFF-affected waters

Hansen, Solrunn, Robin Vestergren, Dorte Herzke, Marita Melhus, Anita Evenset, Linda Hanssen, Magritt Brustad, and Torkjel M. Sandanger. "Exposure to per-and
polyfluoroalkyl substances through the consumption of fish from lakes affected by aqueous film-forming foam emissions—A combined epidemiological and exposure
M.l PI‘lD modeling approach. The SAMINOR 2 Clinical Study." Environment International 94 (2016): 272-282.



1.08

Proportional change in geometric mean PFAS
in for increase in one seafood meal/month

0.98

MJPLD

1.06

1.04 i
1.02 A i

ik

@ Fin fish meals
A Shellfish meals

I

MPAH PFDE PFHxS PFNA PFOA PFOS PFuDA

Serum PFAS Analyte

Associations between
any seafood
consumption in the last
30 days and PFAS
concentrations, after
adjusting for age, BMI,
sex, race/ethnicity and
survey cycle.

Christensen, Krista Y., Michelle Raymond, Michael Blackowicz, Yangyang Liu, Brooke A. Thompson, Henry A. Anderson, and Mary Turyk.

"Perfluoroalkyl substances and fish consumption.” Environmental research 154 (2017): 145-151.



MICHIGAN’S EAT SAFE FISH PROGRAM — JANUARY 2023 UPDATE

« Eat Safe Fish new interim fish consumption guidelines

for rainbow smelt and carp as of January 2023.
- The following waterbodies have new consumption guidelines for

rainbow smelt due to PFOS:

- Lake Huron: No more than 6 Ml Servings per year.

- Lake Michigan: No more than 1 MI Serving per month.

- Portage Lake in Houghton County: No more than 1 Ml Serving per month.

- Gull Lake in Kalamazoo County: No more than 2 Ml Servings per month.

- Higgins Lake in Roscommon County: No more than 4 Ml Servings per
month.

MJPhLD



PoOsSIBLE HEALTH IMPACTS

MJPhLD

reduction in immunity

metabolic diseases like obesity & diabetes
thyroid disfunction

reduced vaccination response

ulcerative colitis

low sperm count

smaller penis size

affect the growth, learning, and behavior of infants and older children
lower a woman's chance of getting pregnant
interfere with the body’s natural hormones
increased cholesterol levels

increased risk of testicular cancer

increased risk of prostate cancer

increased risk of breast cancer

increased risk of heart disease

increased risk of kidney disease

increased risk of liver disease

increased risk of osteoarthritis

increased risk of Parkinson’s disease
increased risk of autoimmune disease



HEALTH IMPACTS OF PFOA AND PFOS

Research involving humans suggests that high levels of
certain PFAS may lead to the following:

Increased cholesterol levels
Decreased vaccine response in children
Changes in liver enzymes

Increased risk of high blood pressure or pre-eclampsia in pregnant
women

Small decreases in infant birth weights

Increased risk of kidney or testicular cancer
MJPhD

https://www.atsdr.cdc.gov/pfas/health-effects/index.html



WHAT’S BEING DONE

* Alternatives are being used

Bans on added PFAS
Reqgulators are reducing levels of concern

ncreased monitoring

mplementation of removal technologies

MJPhLD



ALTERNATIVES

EFE FE F © RFRFRFRS o
F F /
ORI o SO

/" ~OH

F FF FF FF F FFFFFFF FO

PFOA PFOS

Human blood levels of PFOA and PFOS in the US are more than 70-85% less
than they were in 1999.
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SAFER ALTERNATIVE?

F C&OX‘LO- NH,
F F CF,

GenX
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SHORTER CHAIN ALKYL

the estimated half-lives for short-chain PFASs (such as PFBA, PFBS and PFHxA) were found to range from a few days to
approximately one month, whereas for compounds having a long perfluoroalkyl chain length (such as PFOA, PFNA, PFDA, PFHxS or
PFQOS), it can be several years.

F F O FFF
F
OH

F FF F - r £ rd ToH
PFBA PFBS

In 2002, 3M announced a new fluorosurfactant as an alternative to perfluorooctane sulfonic acid (PFOS). The new chemical,
perfluorobutane sulfonic acid (PFBS), was a shorter chain PFAS and was believed to be less biologically accumulative than its longer
chain counterpart PFOS.

MJPhLD



Regrettable Substitution
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WHAT IS BEING DONE

* Bans on added PFAS

- California, Colorado, Hawaii, Maine, Maryland, Minnesota, New York, Oregon, Rhode
Island, Vermont, and Washington have passed laws on the manufacture and selling of
articles containing PFAS.

» Regulators are reducing levels of concern

- EPA (June 2022): - WHO (29 Sept 2022):
- PFOA from 70 ppt to 0.004 ppt - PFOA 100 ppt
« PFOS from 70 ppt to 0.02 ppt - PFOS 100 ppt
- GenX chemicals to 10 ppt - total PFAS of 500 ppt (6
- PFBS to 2 ppb (2000 ppt) compounds)

MJPhLD



INCREASED MONITORING

| )

Increa nonitoring is for

j anic fluorme (TOF) due to
i increqgsing numbeénof possible

cherigals meetir g new definitions

of PFAS.

Specific momtcfmg for ~40
cmpds out of >1500 (maybe
greater than 4000) potential.
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IMPLEMENT REMOVAL TECHNOLOGIES
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How TO REDUCE PERSONAL EXPOSURE

* Reduce Use of Products Known to Migrate
PFAS

 Reduce PFAS Levels in the Water You Drink

and Foods You Eat

- follow advisories on fish and game from contaminated
areas

MJPhLD



REASON FOR SOME OPTIMISM

Blood Levels of the Most

35 Common PFAS in People in the
United States Over Time from
National Health and Nutrition
Examination Survey (NHANES)
cycle 1999-2000 to 2017-2018.

Data Source

Centers for Disease Control and Prevention.
National Report on Human Exposure to
Environmental Chemicals, Biomonitoring Data
Tables for Environmental Chemicals. Atlanta,
GA: U.S. Department of Health and Human
Services, Centers for Disease Control and

Prevention.

Average* Blood PFAS Level
(micrograms per liter, pg/L)

NHANES CYCIQ * Average = geometric mean

https://www.atsdr.cdc.gov/pfas/health-effects/us-population.html
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TESTING GUIDANCE

NATIONAL o
ACADEMIES '

About Us Events Our Work Publications Topics Engagement Opportunities

NATIONAL oo
ACADEMIES |

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

e

SHARE § ¥ in =

New Report Calls for Expanded PFAS Testing for People With History

of Elevated Exposure, Offers Advice for Clinical Treatment
News Release | July 28,2022

WASHINGTON

Testing for exposure to perfloorcalkyl and polyfluoroaikyl substances

. also known as PEAS, should be offered to patients who are likely to
have a history of elevated exposure

such as those exposed to PFAS through their work or who live in areas with known PFAS contamination, says a new

report fram the National Academies of Scaences, Engineering and Medicine. The report finds evidence of assocation between PEAS exposure and increased

MJPhLD



+ Using serum or plasma concentrations of the sum of the seven PFAS considered by the committee, patients whose tests show a
PFAS blood concentration below 2 nanograms per milliliter (ng/mL) are not expected to have adverse health effects.

+ Patients with test results between 2 and 20 ng/mL may face the potential for adverse effects, especially in sensitive populations
(such as pregnant individuals). Clinicians should encourage reduction of PFAS exposure for these patients. Following the usual
standard of care, clinicians should also prioritize screening for dyslipidemia, hypertensive disorders of pregnancy, and breast
cancer based on age and other risk factors.

+ Patients with test results above 20 ng/mL may face a higher risk of adverse effects. Clinicians should encourage exposure reduction
and prioritize screening for dyslipidemia in accordance with guidance for patients with increased risk. In addition to the care
recommended for patients who test between 2 and 20 ng/ml, clinicians should also conduct thyroid function testing, and assess for
signs of kidney and testicular cancer and of ulcerative colitis at all wellness visits.

+ The report recommends clinicians begin with a conversation on how a patient might be exposed to PFAS, and which exposures they
are interested in reducing — including questions about occupational exposures. Clinicians should also advise patients with elevated
PFAS in their drinking water to filter their water. The report points to a database created by NSF International to help patients
locate water filters that can reduce PFAS.

MJPLD



LIVING WITH PFAS

 Rapidly changing understanding

 Reasons for caution
- with some reasons for optimism

* Reduce exposure

Forever chemicals will not be going away.

MJPhLD



»

Slides will be posted on mjphd.net/presentations soon
MJPhD
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https://atslab.com/pfas/new-pfas-regulations-by-state/

https://www.michigan.gov/-
/media/Project/Websites/pfasresponse/Folderl/Folderl/Perfluorobutane_Sulfonic_Acid PFBS
Chemistry_Production_Uses_and_Environmental_Fate.pdf?rev=71658a93b56640f2adad5c116e
625fed

https://www.3m.com/3M/en_US/pfas-stewardship-us/pfas-history/

https://www.nationalacademies.org/news/2022/07/new-report-calls-for-expanded-pfas-testing-
for-people-with-history-of-elevated-exposure-offers-advice-for-clinical-treatment

Fluorinated Pharma & Ag Chems:
https://www.sciencedirect.com/science/article/pii/S2589004220306593

PFAS in the environment: https://www.science.org/doi/full/10.1126/science.abg9065
Firefighters: https://pubs.acs.org/doi/abs/10.1021/acs.est.9b05490
Nonstick Cookware: https://pubs.acs.org/doi/abs/10.1021/es062377w

Popcorn:https://www.sciencedirect.com/science/article/pii/S0308814617304545
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