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WHO WE £RE?



4 Dr. SeyedAmirfakhri

A PaperScienceandChemicalEngineeringDepartmentJWSP
v Phone 7153462574

v Email: samirfak@uwsgdu

% McGill UCSan Diego

2505 g
7 9\ University of Wisconsin

»e/ Stevens Point




O My Researclroup

v PaperScienceandChemicalEngineeringDepartmentlJWSP

v 4 undergraduatstudents

v PFASremovalfrom water

v FreshwatefCollaborativeof Wisconsin

v Adsorption(Our previousgrant)

v’ Destructivemethodfor PFASremoval(new proposalsubmitted)

v'Collaborationwith UW-Madison



 WHO WE AREe

1 PaperScienceandChemicalEngineeringDepartmentUJWSP

A We applyprinciplesof mathematicsscienceandengineeringo solveproblems

A Two engineeringnajorsat UWSP

Paper Science

—
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[ FreshwateCollaborativeof Wisconsin EﬂllahﬂrﬂIIVE

OF WISCONSIN

= A statewideinitiative connectingWi s ¢ o rl3 pullic umiversitiesto advance

waterresearcheducationandworkforcedevelopment

» FreshwateCollaborativeVision:
A Createknowledgeto solvefreshwaterchallenges
A Recruitanddeveloptalentedprofessionals

A Improvewell-beingof naturalecosystemandall people
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[ FreshwateCollaborativeof Wisconsin En”ahma“ve

OF WISCONSIN

» Their Role in This Workshop:

A This workshop is financially supported by the Freshwater Collaborative of Wisconsin
as part of its mission to educate the next generation of water professionals and raise

awareness of wateelated issues, including PFAS contamination.

= |earn More:

@ hitps://freshwater.wisconsin.edu/



https://freshwater.wisconsin.edu/

C nICIPANTS

We have a diverse group of participants, including educators from grddes 5

To accommodate this range, we have designed the materials to cover multiple grade
levels.

However, not all content will be equally suitable for every grade.

We encourage you to adapt the workshop presentations and materials to best fit your
students' needs.

You may find that some sections are more relevant to your class, while others may not
be as applicable.

Feel free to modify, emphasize, or skip certain parts to ensure the most effective
learning experience for your students.

Let us know if you need any support in tailoring the materials!
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Typical PFAS exposure pathways
(Image source: European Environment Agency (EEA), Emerging chemical risks in Europe —
‘PFAS’, 2019, CC-BY license.)






[ Pre-lesson
& MiN

No. K (What | Know) W (What | Want to Know) L (What | Learned)

1 : . N

R R

1 Thisis anindividual activity.

1 Distributethe K-W-L activity sheet

1 Give student$ minutesto completetheK andW columns




[ After-lesson

M Give students3 minutesto sharetheir ideaswith theclass




= ExpectedOutcomes

1. Activate Prior Knowledge
2. Developinquiry Skills

3. Encouragd=ngagement
4. Assesd earningNeeds

5. Evaluate_earningProgress



INTRODUCTION



260 / 26% of the world's population d I d have accessto safe
O drinking waterin 2023

7 1 5 Million Americanswvho get sickeveryyearfrom diseasespread
a throughwater.

7 0 9 4 EPA estimated that between 70 and 94 million US citizens were
exposed to elevated concentrations of PFAS in 2023.

Gt N2POARAY3I 0KS 22NIR 6Adl
1 0 Oneof the 10 grandengineeringchallengesn the 21st century

Ref.:
A R. Levin et al., US drinking water quality: exposure risk profiles for seven legacy and emerging contaminants, J. Expo. Sci. Environ. Epidemiol. (2023).



» Haveyou everusednonstick pansor waterproofclothing?

= Whichonedoyouthink maycontainPFAS?




= Definition:
A PFAS Per andpolyfluoroalkyl substances

A Man-madechemicals
AlIncludesthousandsf differentchemicalsgt 10000substances)

A Theyareagroupof chemicalsusedto makefluoropolymercoatingsandproductsthat

resist
v Heat
v Ol
v' Stains
v Grease

v Water






» |nstructions
v' Thisis agroupactivity.
v Distributethe PFASScavengeHuntActivity papers
v' Look aroundyour home,school,or a providedlist of hypotheticalitems
v' Foreachitem, answerthe questionsn thetable

v Give studentsLO minutes to completethetableandanswerthe questions




O Clues

1. Kitchenand Food

1 Seek out non-stick and greaseproof items. For
instance: "l help you flip pancakes without a sticky
messy find me where you cook."

1 "l'wrap your burger and fries with care. Am | grease-
proofed? Lookq 6 131 IJr /b

2. Clothing and Accessories

1 Seek out waterproof items. For instance: "Rain
slides right off me, keeping you dry, but my coating
could be whysb

3. Home and Furniture

1 Seek out waterproof and stain-resistant items. For
instance: "l resist spills and stains underfoot, but
my fibers might not be goodJsb

4. PersonalCare and Health

1 "I make your lashes pop and stay waterproof, but
check if f KRFASproofs/b

5. Outdoor and Sports
1 "Campingin the rain? My fabric keeps you dry again
and again."

1 "On snowy slopes, | glide with ease. Look for me
where winter gearpleases/b

6. Vehiclesand Tools

1 "I help your bike chain run smooth and cleany but is
there PFASn between?"

1 Bf knside your ride, stain-free and sleek. Look for
my seats if you seekalternativessb

7. Miscellaneous



= After completingthe ScavengeHunt Table, give students5 minutesto answer

%3 MIN

thefollowing questions

= Debrief Questions

1. How surprised were you by the number of items that might contain PFAS?
2. Which of these items do you use regularly?
3. What are the trade-offs of using PFAScontaining products versusalternatives?

4. How can youreduce PFASexposurein your daily life?



» Examplesof productsthatmaycontainPFAS

S w which one surprised ,_\1,_* y
M} you the most and ! '
_—‘_1 q

Stainresistant furniture Dental Floss

Fishing gear L
Work gloves Firefighting foam Cell phone cases



= |nstructions

1 Give student$ minutesto sharetheir findingswith theclass

3 MIN




1 Sharemoreinformationwith students

ltem Found

Non-stick frying pan

Microwave popcorn bag

Water-repellent jacket

Food packaging

Stainresistant carpet

Waterproof shoes

Cosmetics

Dental floss
Fastfood containers
Stainresistant furniture
Camping gear
Raincoats

Disposable plates

Where You Found It
Kitchen
Pantry

Closet

Fastfood restaurants

Living room
Closet
Bathroom

Bathroom
Fastfood restaurants
Living room
Storage/Outdoor gear
Closet

Party supplies

Why Might It Contain PFAS? Potential Alternative

Nonstick coatings often use PFAS Ceramic or caston cookware

Greaseresistant coatings Plain paper bags for popcorn

Water-repellent treatments often

contain PFAS PFASree outdoor gear

Uncoated paper or biodegradabl

Greaseproofing chemicals packaging

Stainproofing treatments often usi
PFAS

Water-repellent sprays

PFASree carpet

PFASree waterproofing treatment:

Longlasting or waterproof

) PFASree certified cosmetics
formulations

Certain brands coat floss with PF Waxed silk or biodegradable floss

Greaseresistant materials Paperbased containers
Stainproofing sprays PFASree upholstery treatments
Waterproof coatings PFASree outdoor equipment
Water-repellent finishes PFASree raincoats

Greaseresistant coatings Uncoated biodegradable plates




Paint
Cleaning products
Upholstery spray
Firefighting foam

Adhesives
Car wax
Greaseresistant paper

Medical gowns
Coated cardboard

Cookware

Sports gear
Artificial turf

Electronics

Ski wax
Water bottles
Industrial lubricants

Garage
Under sink
Cleaning supplies
Emergencyl/fire safety kits
Office/garage
Garage
Deli or bakery

Clinics/hospitals
Takeout or shipping boxes
Kitchen

Gym/locker room
Sports fields

Home electronics

Sports gear
Kitchen/sports gear
Garage/Workshop

Certain durable paints PFASree paint
Certified PFA8ee cleaners
PFASree fabric protectors

Fluorinefree foams

Some contain surfactants with PF
Water and stain repellents
PFAS in aqueous fi#farming foam
PFASree adhesives
PFASree car detailing products
Untreated paper wraps

Durable industrial adhesives
Certain watetrepellent waxes
Treated for grease resistance

Water-resistant and nosstick

) PFASree medical textiles
coatings

Water or greaseproof coatings Uncoated cardboard

Non-stick or watefresistant

) Ceramic or stainless steel cookw.
coatings

Water or stairresistant materials ~ PFASree sports equipment
PFASree artificial turf

Insulating materials may contair Research PFAfe electronics (sti
PFAS limited)

PFASree ski wax
Stainless steel bottles

Water-resistant infill or blades

Fluorinated ski waxes
Nonstick linings

PFAS in durable lubricants Fluorinefree lubricants




Waterproof makeup

Wax paper
Takeout coffee cups
Diapers
Menstrual products
Backpack rain covers
Face masks
Shower curtains
Non-stick baking sheets

Insulated lunch bags

Plastic storage containers

Roofing materials

Garden hoses

Paper towels

Pet beds

Bathroom

Kitchen
Coffee shop
Baby supplies
Bathroom
Storage/outdoor gear
Personal protective equipment
Bathroom
Kitchen
School/work
Kitchen
Construction supplies

Garden supplies

Kitchen

Living room/bedroom

Water-repellent and longlasting
formulations

Greaseproof treatment
Water-resistant lining
Moisture-wicking materials
Moisture barrier layers
Waterproof coatings
Water-repellent coatings
Water-resistant treatments
Nonstick coatings
Water and greaseesistant layers
Nonstick inner coatings
Weatherproofing chemicals

Flexible, wateresistant coatings

Treated for moisture resistance

Water and stairresistant treatments

PFASree cosmetics

Uncoated parchment paper
Compostable cups without PFAS
PFASree certified diapers
Organic cotton products
PFASree materials
Cloth masks without coatings
Fabric or PFAfgee curtains
Silicone baking mats
PFASree insulated bags
Glass storage containers
PFASree roofing products
PFASree garden hoses

Untreated or compostable paper
towels

PFASree pet beds




Baby bibs
Mattress protectors
Bike lubricants

Yoga mats
Grocery bags
Car interiors
Work gloves

Snow pants
Baking parchment

Fishing gear
Phone cases
Sunscreen sprays

Coffee makers

Food storage wraps

Baby supplies
Bedroom
Garage

Gym/fitness equipment
Kitchen/pantry
Vehicles
Garage/Workshop

Winter clothing
Kitchen

Outdoor gear
Electronics
Bathroom

Kitchen

Kitchen

Waterproof coatings PFASiree or fabric bibs

Water-resistant layers PFASree mattress covers

Durable watefresistant properties PFASree bike lubricants

Nonslip and watefresistant layers PFASree yoga mats

Water and greaseesistant reusabils

Cotton or jute reusable bags
bags

Stainresistant upholstery PFASree car interior treatments

Waterproof or stairresistant

. PFASree work gloves
coatings

Water-resistant outer layers PFASree snow gear

Nonstick treatments Silicone baking mats

Waterproof and durable coatings PFASree fishing equipment

Durable and wateresistant PFASree or biodegradable phone
materials cases

Water-repellent formulations PFASree sunscreen

. PFASree or stainless steel coffee
Nonstick components
makers

Nonstick and greaseesistant

; Beeswax wraps
coatings




U ExpectedOutcomes

1. Identify CommonSourcef PFAS

2. UnderstandPFASDistribution

3. DevelopResearclandinquiry Skills

4. EnhanceCollaboratiorandEngagement
5. Reflecton SolutionsandActions

6. ExploreAlternativeMaterials






1938 1980's 2016
PTFE was invented and China begins to produce - S
eventually widely used as a PFAS and is the start of EE:;;;; I:‘?]i;:;fmfge
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1960's
Teflon approved by FDA in
cookware, PFAS added to
food wrappers (Zonyl), and
AFFF fire-fighting foam
developed by Navy

Environmental& Education Foundation (EREF), https://erefdn.org/pfas/
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A ; Residents near the
DuPont used C8 (PFO 5dzt 2y 1Qa 26y plant filed a class

in its Teflon production PR : : .
. : indicated that C8 Wi
at its Washington Works . aCtIO Ia Suit against

Plant inParkersburg,
West Virginia

, A local farmer sued
P wyptl DuPont after noticing
1990s severe health issues




EEVERAL FACTS



= GeneralFacts RFRFRF O FR FE FR FR F
F Q F f;o
o) PN
ATheyaremadeupof FFFFFFFF FFFFFFFFO ©
PFOA (n=7) PFOS (n=8)
A Carbon o FEEE
0
S8 RS o_ I
: o i R O ©
A Fluorineatoms g FF RS N SN0

TFA (n=1) Sulfonate-derived surfactant (n=4)
A Either a sulfonic group (-S O 5 Hr)a carboxylic e rrEE -

group(-C O, .H) FMN\/\/N% /\(

FFFFFFFF o
Carboxylate-derived surfactant (n=8)

A Two majorPFASsubclasses
RFR FR FH H

A Perfluorinatedsulfonicacids(PFSAS) SN /\)L X/ <l

FFFFF FHH
A Perfluorinatectarboxylicacids(PFCAS) Telomeric surfactant (n=6)

Ref.:

A B.Tansel PFAS use in electronic products and exposure risks during handling and processirgtef & review, J. Environ. Manage632022).

A M. Bentel, Defluorination of Peand Polyfluoroalkyl Substances (PFASs) with Hydrated Electrons: Structural Dependencedeatibhspb PFAS Remediation and Management,
Environmental Science and Technology, 53(7), 2019.



A Shortchain(6 @) andlong-chain(6 )

PFOA

PFBA
0 €& & "DQNQE "YQE 1 OQO Qe
carboxylic acid carboxylic acid
PFBS PFOS
"YQE 1T OQM QL D€ ¢ "DQOHQE
sulfonic acids sulfonic acids

Ref.:
A Xu et al., PFAS and their substitutes in groundwater: Occurrence, transformation and remediatioral of Hazardous Materiakl2 (2021), 125159.



4 Shortchainor long-chain?sulfonicor carboxylic?

R F O

= Perfluoropropanoiacid FMOH

F F

= Perfluoroheptanesulfonecid




BANNED OR RESTRICTED PFAS

O Long-Chain PFAS
= Certainlong-chainPFAShavebeenbannedor arebeingphasedut globally

A PFOA(CS)

v Phasedutin the U.S. undervoluntaryagreementtike the E P A BFROA Stewardship Program (2006
2015.

A PFOS(Perfluorooctan&ulfonate)

v Phasedutin mostcountries putlimited useis still allowedin specificindustries

O Short-Chain PFAS

= Substitutesor bannedong-chainPFAS,suchasGenX andPFBS.

» Theseareconsideredessbioaccumulativéout still environmentallypersistentandpotentiallyharmful



A Shortchain(6 @) andlong-chain(6 )

Number of carbons bioaccumulation

_ Adsorption capacity
L€ & "QQWQE potential

YQE T ®QWQE

A Long-chainPFASaremoretoxic.

A Removalof shortchainPFASis moredifficult.



» Foreverchemicalsdueto their persistencen theenvironment

= Do youknowthedefinition of half-life?

A Thetime requiredfor the concentratiorof a particularsubstancéo decreaséo half of

its Initial concentration

A PFAShavea high half-life

v For instance The half-life of PFOA (oneof the PFAS substances}y around2-3 yearsin

human



= Foreverchemicalsdueto their persistencen theenvironment
A PFAShavea high half-life

v For instance The half-life of PFOA (oneof the PFAS substances}y around2-3 yearsin

human
0 p 1 Ao 0O uva da 0 c¢d®a qa 0 p& w qa T @ " 0 T m A
. c&memli c&men@ cEB)chm@ CRVQMI c&wQéi@
lc&&o’o'dei
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of magnitudes!!

It takes aboutl7.5 yeardo decrease the .60
concentration of PFOA in human body by two ord (w30




= 2351770tonsof PFOSand PFOA havebeenreleasednto the oceandetween
1958and2015

Ref.:
A B. Tansel, PFAS use in electronic products and exposure risks during handling and processing of e -waste: A review, J. Environ. Manage. 31 6 (2022).
A https://www.arctictoday.com/alarmingly -high - pfas -levels -in-the - populations -of-greenland -the -faroe -islands -denmark -and -the - uk/



= Extremebiological, chemical,and physical stability due to the carbonfluorine
bond
A High potentialfor bioaccumulation
A High energyfor decomposition

A PFAShasbeendetectedn

Ref.:
A Huarui Li et al., A recent overview of pand polyfluoroalkyl substances (PFAS) removal by functional framework materiais, Bxg J. (2023).



RPPLICATIONS



= Stain,oll, soll, greasesandwaterresistanimaterials
= Chemicalresistancenaterials

» Temperaturgesistanmaterials

To reducefriction

= Surfactants
A Cosmetics
ADrugdelivery
ATextiles
A Ointmentscreams]ubricants,andgels

AEmulsions Ref.

A https://19january2021snapshot.epa.gov/pfas/basic -information -pfas_.html



O Industries
A Paper
A Leather
A Textile
A Fire-fighting foamsproduction
A Military

A Electronicsmanufacturing

A..

Ref..
A Xiaobo Lei, A review of PFAS adsorption from aqueous solutions: Current approaches, engineering applications, chalepue s, aitids, Environmental Pollution, 2023



Where Are

PFAS Found?




Where Are

PFAS Found?
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WHERE DO THEY GO?

treatment
7 plants ~ ,
Animals and
people

; Oceans/rivers
1) lakes
\:\ \ ]

Wastewater
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Industry
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Firefighting
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Human exposure
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Waste infrastructur
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Food
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VAN Environment

Image source: European Environment Agency (EEA), Emerging chemical risks in Europe — ‘PFAS’, 2019, CC-BY license.






d Title: "The GreatPFASDebate Exploring Perspectivesn a PersistenProblem"

* Print 3 copiesof thedebate
= Selectthreevolunteerdo standin front of theclassandreadthe debatealoud

= Participants
A Alex (StronglyagreesPFASis a seriousproblem)
A Jamie (Neutral)

A Taylor (Stronglydisagree®FASis a seriougproblem)



PFAS DEBATK

» Ask studentdo sharetheirresponses
AWhich argumentsveremostpersuasiveWhy?




= ExpectedOutcomes

1. UnderstandiversePerspectives

2. DevelopCiritical Thinking Skills

3. ImproveCommunicatiorandDebateSkills
4. Engagan EvidenceBasedDiscussion

5. FosterEmpathyandOpenMindedness

6. Apply Knowledgeto ReatWorld Issues
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HEAIL'TH EFFECTS OF PFAS

S
n
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PFAS

---- Lower certainty

Thyroid disease

Increased cholesterol levels
Developmental effects
affecting the unborn child

_..---Breast cancer
Delayed mammary gland development

Reduced response to vaccines Liver damage

Lower birth weight )
Kidney cancer

Early puberty onset -~ - Inflammatory bowel disease

(ulcerative colitis)
Increased miscarriage risk -~
(i.e. pregnancy loss) J

Testicular cancer
Low sperm count and mobility
AN "~ Increased time to pregnancy

. Pregnancy induced
hypertension/pre-eclampsia
(increased blood pressure)

Image source: European Environment Agency (EEA), Emerging chemical risks in Europe — ‘PFAS’, 2019, CC-BY license.



PFAS PATHWAYS TO ENTER OUR BODY

Ingestion (Eating or

Drinking)

wContaminated food
wContaminated water

Dermal Absorption
(Skin Contact)

wAirborne Particles
from industrial
emissions, smog, or
dust

wVaporized Chemicals

windoor Air Pollution
from household
products

wContaminated Water
or Soil (swimming,
bathing, or working
with polluted soil or
water)

wHousehold Products
or Cosmetics

Maternal Transfer

(Before Birth or
Breastfeeding)

wPrenatal Exposure
wBreastfeeding

Injection (Rare)

wContaminants in
improperly sterilized
needles or medical
equipment




PFAS IN THE ENVIRONMENT

. @
\Ta

g

A study from the
University ofAthens
detected high
concentrations of
PFAS in whit&iled
eagles and harbor
seals.

€

PFAS has been
detected at high
concentrations in
aquaculture cage

samples from thd@rés
Marias reservoir in
Brazil

PFAS compounds were
detected in over 98% of
2,094 serum samples
collected during the
National Health and
Nutrition Examination
Survey (NHANES) 2@03
2004 (study conducted

by CDG.

PFAS was detected in
Maryland USA in
various water
sources, including
finished water, raw
water, aquifer water,
groundwater, and
surface water ( A
study conducted
between 2019 and
2022).

YY)

| >

g

PFAS has been
detected in indoor
dust from office
environments in
SouthChina

A pilot study
assessing PFAS in
seafood samples from
national and local
stores in theUnited
Statesfound PFBS as
the only compound
consistently detected
in all samples.



A Lifetime healthadvisorylevels recommendedyy EPA in 2022to protectpeople
from adversénealtheffects
APFOA= 0.004ppt
APFOS= 0.02ppt
A GenXchemicals= 10 ppt
A PFBS= 2,000ppt






O Two options

= Optionl: Createawaterfiltration system
A https//www.nasagov/stemcontent/activitythreeexperimenwith- WateFflltratlon/
A https//www.youtubecom/watch?v80Big9Ut6Mc

Bottle top

-

Rocks

Coarse sand

Charcoal

Fine sand

Cloth

Bottle botom—|

= Optiontwo: A seriesof beakers



https://www.nasa.gov/stem-content/activity-three-experiment-with-water-filtration/
https://www.youtube.com/watch?v=60Big9Ut6Mc




» |sit possibleto removeall pollutantsfrom waterusingsandfilters?

What kind of
pollutants are In
water?




. Woodandlaves » Sands and gravels = Suspended particles

R

» Dissolvedsolids = Dlssolved gases = Microorganisms

\_,




= Particlefiltration suchassandfilters is effectiveto removebig particles

Sand filters are
not effective to

remove PFAS

. oodandlves » Sands and gravels = Su‘_spended particles




Molecular Macromolecular Micro Pz ticle Macro Particle
] | ] | |
Microns 0.01 0.1 0.2 5 5 10 100 1000

(s T R | T AT AT
Approx. Molecular Wt.

(Saccharide Type - 00 1000 10,000 20,000 100,000
No Scale)

Relative Size
of Materials

Reverse Osmosis /  Microfiltration

Process for

Separation Ultrafiltrgtf6n Particle Filtration 7

L

~ -
h-____—‘

PFAS - - :
. Particle Filtration
Conventional water treatment processes are

ineffective for removing PFAS.

Ref.: https://www.avidityscience.com/news/wategaurification/water-quality-in-automatedwatering-systems




Surface Water: _
Coagulant Oxidant/

Disinfectant

Intake Rapid Coagulation/
(Lake/ Screens mixl?ng FIoc?:uIation Sedimentation Filtration Disinfection |—
River)
\ J
|
Large Colloidal Particles Particles Small - Microbial cells
Particles Particles - Taste and Odor

. ‘ They are ineffective for removing PFAS.

Disinfectant

I(r\}t/aell(l()a Aeration Sedimentation —i Softening Disinfection |——
- Gases (kB, Chp) Particles - Total Dissolved - Microbial cells
- Metals (Fe Mn) Solids - Taste and Odor

- Hardness



PROCESSES FOR




* |tis almost impossible to decompose PFAS naturally

= Conventional treatment processes are ineffective

A Due to the high energy required to break the 61 "Cbond (544 @ & £0)

= Two general methods for PFAS removal
A Non-Destructive methods

A Destructive methods



Non -Destructive methods

A Physical process C q.eﬂ

A Adsorption on
A . YQA U QE R T Q0 6 R
Carbon-based materials 60 OUCLED ' & g™
A Clays
A Zeolite
A lon exchange resin

A Metal-organic frameworks

Ref.:
Amirfakhri et al., Enhanced PFBS adsorption via silver -impregnated activated carbon: Mechanistic insights and Thermodynamic anal ysis, Chemosphere,
375, 144257, (2025)



Non -Destructive methods
O Adsorption

= Advantages

A Simple process

A Efficient

A Cost-effective

A Technological maturity
» Disadvantages

A Supplementary treatment processes are required to remove PFAS from the adsorbent

surface.



 Destructive methods
= Chemicalprocess

= Theenergyrequiredto breakthe® "Obond(v T 0BG € )ds suppliedfrom
A UV+ catalyst
A Microwave+ catalyst
A Light + catalyst
A Electricity + catalyst
A Ultrasound+ catalyst

A Microorganisms



Destructive methods

PFOA
Direct
Indirect
F(CF2)n-1COOH
v
Ref.: + E = *

A BentuoXu et al., Photocatalytic removal of perfluoroalkyl substances from CO2 F H

water and wastewater: Mechanism, kinetics and controlling factors,

Chemosphere (2017)



[ Destructive methods

A Advantages

A No furthertreatmenis required

A Thefinal productsarefluoride salts,6 0, andO 0

A Disadvantages
A Complexity
A Cost



EXPLORIN & {BIQ@SE{%IO LD MEETEODS
R PFAS RENOVAL




EXPLORING HOUSEHOLD METHODS FOR PFAS
REMOVAL

Activated . Reverse
carbon filters Resin filters Osmosis (RO)






PFAS CONTAMINATION IN WESTFIELD, MASSACHUSETTS

0 Background Information :

A
A

Westfield,Massachusett$s a smalltown with a historyof industrialandmilitary activities

In 2016 the town discoveredthat its drinking water wells were contaminatedwvith high levels of PFAS
particularlyPFOSandPFOA,two chemicalausedin firefighting foamsata nearbymilitary airbase

The contaminationcauseda public outcry, with residentsconcernedabouttheir health,while local officials
facedchallengesn finding solutions

Scientists,educators,and studentsalso becameactive voices in addressinghe issue, contributing their
expertiseandperspectives$o thediscussion




Key Details:

Two of thetown'sdrinking waterwells testedpositivefor PFASIevelsfar exceedingederalhealthadvisory
limits.

PFASweretracedto firefighting foamsusedatthe BarnesAir NationalGuardBasenearthetown.

Residentdearedhealthrisksandenvironmentatlamagdrom the contamination

Challenges

High costsfor well remediatioror replacement
Disputesoverfinancialresponsibility(military basetown, or manufacturers)
Educatingthecommunityaboutthe scienceof PFASandits risks

Balancingtheurgentneedfor cleanwaterwith long-term sustainability



= Step 1: Assign Stakeholder Groups
Residents
TownOfficials

Military Base Representatives
PFAS CONTAMINATION IN

EPAand State Agencies
WESTFIELD, Environmental Advocacy Groups
MASSACHUSETTS Scientists

Educators (e.g., high school teachers)

© N O 0 b~ W0 D PE

Students



» Step2: Researchand Discuss

A Within eachgroup, studentsdiscusstheir stakeholder'perspectiveand completethe
table

\_

Concerns Challenges




PFAS CONTAMINATION IN
WESTFIELD, MASSACHUSETTS

= Step 3: Simulated Community Meeting

A Groups come together in a simulated community
meeting to present their perspectives and proposed

solutions (5 minutes/group ).




= Step4: Collaborative Problem-Solving
A After the presentationsstudentswork togetheras a classto createa comprehensive
actionplanaddressing

A Constructhefollowing tableon the boardandcompleteit with students

Immediate needs

Longterm solutions

Responsibility

S Ead Ead I

S Eal Pl N

S Ealiad N b




» Stepb5: Reflectionand Call to Action

A Ask studentgo sharetheir reflectionsaddressinghe following:

1. What did you learn aboutbalancingdifferent perspectivesn solving environmental

Issues?

2. What role do you think scientists, educators,and studentsplay in addressing

communityproblems?

3. How wouldyou takeactionin your communityif facedwith a similarissue?



SOLUTIONS: CURRENT EFFORTS

il

Government regulations
(e.g., EPA guidelines,
international bans).

Industry shifts to
alternative chemicals.

. @
\Ya

Scientific breakthroughs Personal actions:
in PFAS removal method.

Currently there is no cost Avoid PFASontaining products.

effe dcéggmr%%tggglt:%g"y Use water filters certified for
' PFAS removal.

Filtration techniques using

activated carbon and specialized
resins can effectively remove

PFAS from water, but they do not

break down the chemical

compounds.

Community actions:

Support PFAS cleanup
campaigns.

Advocate for stronger policies.



= ExpectedOutcomes

1. Analyzethe Impactof PFAS Contamination

2. UnderstandtakeholdePerspectives

3. DevelopProblemSolvingandNegotiationSkills
4. Apply ScientificandPolicy Knowledge

5. EnhanceCritical Thinking andDecisiorMaking
6. ImproveCommunicatiorandCollaboration

7. ConnectClassroomniearningto ReatWorld Issues






= WisconsinPFASInteractiveDataViewer FromDNR
= https//experiencarcgiscom/experienceAtl131e16%ad283845a85c858vd0c



https://experience.arcgis.com/experience/d4d131e169ba428384c5ac85c858bd0c

PFAS Sampling Info

Municipal Water System Sampling

PFAS above the W1 DHS health advisory
. level in one or more samples from the
system

PEAS exceeds the W1 DHS hazard index for

samples from the water system

O

m) O

PFAS detected below hazard index in one
or more samples from the water system

PFAS not detected in any samples from the
water system

PFAS-Based Consumption Advice

Fish Advisory - River/Waterbody Area

Other Consumption Advice
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Image source: European Environment Agency (EEA), Figure 3. Level of knowledge of human health
and environmental impacts of PFAS, CC-BY license.

Good level of knowledge
on effects in humans
and the environment

PFOS, PFOA, PFNA, PFHxS

Some degree of
knowledge primarily
derived from

animal studies

Approximately 20 PFAS
compounds with limit values
to protect human health
and/or the environment

Varying degree of
knowledge on their
toxicity and ecotoxicity

Approximately 500 PFAS
compounds registered
under REACH

Little or no existing knowledge Approximately 10,000 PFAS
on the toxicity to humans or compounds including
impacts on the environment PFAS polymers






Test water for
PFAS

Check state
standards of
safe levels

Install water
treatment
systems to

remove PFAS

Look up how to
avoid PFAS like
avoiding non

stick coated pans

Do not eat fish from
polluted lakes and
rivers
(https://ffishadvisor
yonline.epa.gov/Co
ntacts.aspx

Contact your
representatives. You
are a citizen with
the power of your
voice and your vote
when you turn 18.



https://fishadvisoryonline.epa.gov/Contacts.aspx
https://fishadvisoryonline.epa.gov/Contacts.aspx
https://fishadvisoryonline.epa.gov/Contacts.aspx
https://fishadvisoryonline.epa.gov/Contacts.aspx
https://fishadvisoryonline.epa.gov/Contacts.aspx
https://fishadvisoryonline.epa.gov/Contacts.aspx




O After-lesson
1 L (Whatl Learned) After thelessonf{ill outthis columnwith newfacts,conceptsor
Insightsyou gained
1 Give students3 minutesto completethelL columns

1 Give student$ minutesto sharetheir findingswith theclass




SUBMNLARY




KEY TAKEAWAY'S

= PFASareharmful materials

» They are everywhere but

manageable

= Solutions require a collective

effort.







= Option1l: QR Code

= Option2;
A https//quizizzcom/join
A Joincode 2709 6328

= Option3:
A https//quizizzcom/join?gc27096328



https://quizizz.com/join
https://quizizz.com/join?gc=27096328
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e
ADDITIONAL SOURCES

Https://www.Epa.Gov/pfas/oucurrent
understandinehumanhealth-and
environmentalriskspfas

Https://www.Epa.Gov/pfas/increashuyir- =g ;." ook Https.//www.Epa.Gov/pfas/meaningful §¥
understandinehealth-riskspfasand-how- ’ L = andachievablestepsyou-cantake
addresghem reduceyour-risk

e

Hitps://www.Cdc.Gov/biomonitoring/p wg- ¥
fas_factsheet.Html AP

https.//www.eea.europa.eu/en



https://www.epa.gov/pfas/pfas-explained
https://www.epa.gov/pfas/our-current-understanding-human-health-and-environmental-risks-pfas
https://www.epa.gov/pfas/our-current-understanding-human-health-and-environmental-risks-pfas
https://www.epa.gov/pfas/our-current-understanding-human-health-and-environmental-risks-pfas
https://www.epa.gov/pfas/increasing-our-understanding-health-risks-pfas-and-how-address-them
https://www.epa.gov/pfas/increasing-our-understanding-health-risks-pfas-and-how-address-them
https://www.epa.gov/pfas/increasing-our-understanding-health-risks-pfas-and-how-address-them
https://www.epa.gov/pfas/meaningful-and-achievable-steps-you-can-take-reduce-your-risk
https://www.epa.gov/pfas/meaningful-and-achievable-steps-you-can-take-reduce-your-risk
https://www.epa.gov/pfas/meaningful-and-achievable-steps-you-can-take-reduce-your-risk
https://www.cdc.gov/biomonitoring/pfas_factsheet.Html
https://www.cdc.gov/biomonitoring/pfas_factsheet.Html
https://www.eea.europa.eu/en

» PFASgenerainformation
A https//www.youtubecom/watch?v=PPfAASASbuM



https://www.youtube.com/watch?v=PPfAASASbuM

REFERENCES

» Calafat Antonia M., Wong Lee-Yang, Kuklenyik Zsuzsanng Reidy John A., Needham Larry L.,
Polyfluoroalkyl Chemicals in the U.S. Population: Data from the National Health and Nutrition
Examination Survey(NHANESP003r2004 and Comparisons with NHANES199912000, Environmental
Health Perspectives115(2007) 159611602. https://doi.org/10.1289ehp.10598.

= H. Brunn, G. Arnold, W. Kdrner, G. Rippen, KG. Steinhauser, I. Valentin, PFAS forever chemicalsy
persistent, bioaccumulative and mobile. Reviewingthe status and the need for their phase out and
remediation of contaminated sites, Environmental Sciences Europe 35 (2023) 20.

https://doi.org/10.1186/s12302-023-00721-8.

» D.A dasS. Rodrigues,M.CV.M. Starling, A.L.C. de Barros, M.C. Santos, E.S. da Silva, G.C.C. Viana, L.k
da S. Ribeiro, M.E Simcik, C.C. Amorim, Occurrence of antibiotics, hormones and PFAsin surface

water from a N|Ie tllapla aquaculture faC|I|ty in a Brazilian hydroelectrlc reservoir, Chemosphere 352
(2024) 141444. h 10.101 here.2024.141444.

= C.I. Duru, D.H. Kang,S.P. Sherchan Thetrends of per-and polyfluoroalkyl substances (pfas)in drinking
water systems in Maryland, United States, Science of The Total Environment 957 (2024) 177152

https://doi.org/10.1016/j.scitotenv.2024, 177152,

= M. Bedi, Y. Sapozhnikova R.B. Taylor,C. Ng, Per and polyfluoroalkyl substances (PFAS)measured in
seafood from a cross-section of retail stores in the United States, Journalof Hazardous Materials 459

(2023) 132062. https://doi.org/10.1016/.|hazmat.2023.132062.

= Y. Cheng, Y. Hu, K Yu, B. Zeng, Occurrence of legacy and Emerging per- and polyfluoroalkyl
substances (PFASs)n indoor dust from office environmentin south china, EmergingContaminants 10

(2024) 100375. https://doi.org/10.1016/].emcon.2024.100375.


https://doi.org/10.1289/ehp.10598
https://doi.org/10.1186/s12302-023-00721-8
https://doi.org/10.1016/j.chemosphere.2024.141444
https://doi.org/10.1016/j.scitotenv.2024.177152
https://doi.org/10.1016/j.jhazmat.2023.132062
https://doi.org/10.1016/j.emcon.2024.100375

	Slide 1: PFAS: The Forever Chemicals
	Slide 2
	Slide 3: Who we are?
	Slide 4: Who we are?
	Slide 5: Who we are?
	Slide 6: Who we are?
	Slide 7: Who we are?
	Slide 8: participants
	Slide 9: PFAS Flyer
	Slide 10
	Slide 11: K-W-L Activity
	Slide 12: K-W-L Activity
	Slide 13: K-W-L Activity-Teachers
	Slide 14
	Slide 15: Kickoff Question
	Slide 16: A short question
	Slide 17: What Are PFAS?
	Slide 18
	Slide 19: PFAS Scavenger Hunt Activity
	Slide 20: Clues-PFAS Scavenger Hunt Activity
	Slide 21: PFAS Scavenger Hunt Activity
	Slide 22: What are pfas?
	Slide 23: PFAS Scavenger Hunt Activity
	Slide 24: PFAS Scavenger Hunt Activity- Teachers
	Slide 25: PFAS Scavenger Hunt Activity
	Slide 26: PFAS Scavenger Hunt Activity
	Slide 27: PFAS Scavenger Hunt Activity
	Slide 28: PFAS Scavenger Hunt Activity- Teachers
	Slide 29
	Slide 30: PFAS history
	Slide 31: DuPont case (C8 contamination)
	Slide 32
	Slide 33: General facts
	Slide 34: General facts
	Slide 35: Short  quiz
	Slide 36: Banned or Restricted PFAS
	Slide 37: General facts
	Slide 38: General facts
	Slide 39: General facts
	Slide 40: General facts
	Slide 41: General facts
	Slide 42
	Slide 43: Applications
	Slide 44: applications
	Slide 45: Where Are PFAS Found?
	Slide 46: Where Are PFAS Found?
	Slide 47: Where do they go?
	Slide 48:  Typical PFAS exposure pathways
	Slide 49
	Slide 50: PFAS debate
	Slide 51: PFAS debate
	Slide 52: PFAS debate-Teachers
	Slide 53
	Slide 54: Health Effects of PFAS
	Slide 55: Health Effects of PFAS
	Slide 56: PFaS pathways to enter our body
	Slide 57: PFAS in the Environment
	Slide 58: Health concerns
	Slide 59
	Slide 60: Simple filtration experiment
	Slide 61: Simple filtration experiment
	Slide 62: Simple filtration experiment
	Slide 63: Water pollutants
	Slide 64: Water pollutants
	Slide 65
	Slide 66: A Conventional water Treatment unit
	Slide 67
	Slide 68: PFAS Removal from Water
	Slide 69: PFAS Removal from Water
	Slide 70: PFAS Removal from Water
	Slide 71: PFAS Removal from Water
	Slide 72: PFAS Removal from Water
	Slide 73: PFAS Removal from Water
	Slide 74
	Slide 75: Exploring Household Methods for PFAS Removal
	Slide 76
	Slide 77: PFAS Contamination in Westfield, Massachusetts
	Slide 78: PFAS Contamination in Westfield, Massachusetts
	Slide 79: PFAS Contamination in Westfield, Massachusetts
	Slide 80: PFAS Contamination in Westfield, Massachusetts
	Slide 81: PFAS Contamination in Westfield, Massachusetts
	Slide 82: PFAS Contamination in Westfield, Massachusetts
	Slide 83: PFAS Contamination in Westfield, Massachusetts
	Slide 84: Solutions: Current Efforts
	Slide 85: PFAS Contamination in Westfield- teachers
	Slide 86
	Slide 87: Local Relevance
	Slide 88
	Slide 89
	Slide 90: What do we know about PFAS?
	Slide 91: What do we have to learn still?
	Slide 92: What can you and your family do?
	Slide 93
	Slide 94: K-W-L Activity
	Slide 95
	Slide 96: Key takeaways
	Slide 97
	Slide 98: PFAS game
	Slide 99: Acknowledgments
	Slide 100: Q&A
	Slide 101: Additional sources
	Slide 102: Additional sources
	Slide 103: References

