
Introduction

Welcome & Thank you!

Kenneth F. Ede, Ph.D., CHMM

Director, Professional Science Master’s (PSM) Program

Environmental Science Graduate Program (ESGP)
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MY OSU PLUG

➢ If you have ever thought about your:

➢Master of Science Degree in Environmental 

Science from Oklahoma State University,

➢Please contact me!!

➢Ken.Ede@okstate.edu
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The Ubiquity and Uncertainty of PFAS

(Per- & Polyfluoroalkyl substances)

ONE CHEMIST’S PERSPECTIVE
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PER- AND POLYFLUOROALKYL SUBSTANCES (PFAS)

➢PFAS: Umbrella term

➢Aliphatic (straight carbon chains)

➢No aromatic rings

➢No chlorofluorocarbons (refrigerants)

➢PFAS are family of >6,000 manmade 
chemicals (PFOS, PFOA, etc….)
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History of PFAS

➢1938: These type of compounds were 

discovered by Dr. Roy J. Plunkett with Dupont

➢ It was a result of a failed experiment involving 

refrigerator coolant (Freon)

➢The waxy substance proved to be the most 

slippery material in existence

➢Dr. Plunkett actually synthesized 

polytetrafluoroethylene (PTFE - Teflon)
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PFAS Family Tree
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Typical Life Cycle of PFAS in the Environment
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Human 

Ingestion



So, what is so special about PFAS? 

➢Why so chemical stable?

➢ Low polarizability of Fluorine

➢ Small size of Fluorine

➢Fluorine shields carbon but not the function 
group
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PFAS: Why so stable?

➢ Like an armored vehicle, no place to react 
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Destruction temperature: 1000ºC

Melting Point of Carbon Steel: 1425ºC

Do not boil your water



So, from a Chemistry perspective, what is so special 

about PFAS? 

➢Carbon – Fluorine bond is very STRONG 

➢ Short bond length (due to very high 

electronegativity of Fluorine) 

➢Needs high energy to break bond between the 

carbon atom and fluorine

➢Can be designed to repel water or 

➢Can be designed to repel oil!

➢Thermally stable
12
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Example of a fully-fluorinated six-carbon PFAS

Carbon 

is black

Fluorine 

is green

Oxygen 

is red

Hydrogen 

is white



The Evil Chemist

➢My background is Chemistry

➢This presentation is from a 

Chemist’s perspective

➢ If I was an evil Chemist 

(which I am not) what 

substances and/or molecules 

would I synthesize to hurt 

mankind?
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The Evil Chemist
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➢#1: I would synthesize a substance that 

would be used by everyone;

➢Rich, poor, middle-class, infants, young 

children, middle-age, elderly, Blacks, 

Whites, Hispanics, non-Hispanics, 

Military, Civilians, …..everyone! But not 

just in the US..

➢ I would want contaminate everyone 

worldwide!



If I was an Evil Chemist

16

#2: I want design this substance to be 

extremely slippery!

➢Therefore, you would use this in cooking

➢Because every one wants non-stick, 

slippery  cooking pots and utensils

➢And then I would market this product to 

anyone who cooks (especially young 

couples)



Commercial and Consumer Products Containing PFAS

➢ In addition, I want this substance to be heat 

resistant!

➢Therefore, every time you cooked I could 

ensure that I could contaminate you by 

allowing just a small amount (leach) each 

time
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Then, I would market this substance 

as a “must-have”
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Wedding Gifts



Marketing Teflon
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From frying 

pans to 

ironing board 

covers



The Evil Chemist: I would also market this 

to your children
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If I was an Evil Chemist
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➢Next, I would design this same substance 

to be repel both oils & greases

➢ I would market this substance as a 

“coating” on all food packaging

➢This would prevent “soggy” containers

➢This way I could contaminate you just a 

small amount each time you ate!



The Evil Chemist
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➢No one wants a soggy pizza box

➢No one wants a soggy popcorn bag

➢No one wants a soggy food 

containers



Evil Chemist: Use this material to repel oil in food 

packaging

➢ Therefore, every time you used a:

➢ pizza box,

➢ microwave popcorn bag,

➢ Chinese take-away container, would be coated 

internally so I could contaminate you!
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Evil Chemist: Use this material to repel oil in food 

packaging

➢And any other food container

➢ Just a small amount would leach each time
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Microwave Popcorn PFAS
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The Evil Chemist

27

➢Next, I would synthesize a 

substance everyone would use to 

waterproof your 

➢backpack, 

➢ tent,

➢ shoes,

➢And your clothing

➢A little contamination every day



Real World: Gore-Tex
➢ 1969: Gore-Tex invented

➢Waterproof, breathable fabric 
membrane

➢ It is composed of polytetrafluoro-
ethylene (PTFE), AKA Teflon

➢ PTFE is made using an emulsion 
polymerization using PFOA

➢ In 2013, (after 44 years) Gore-Tex 
eliminated the use of PFOAs in the 
manufacture of its weatherproof 
functional fabrics
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The Evil Chemist
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➢Next, I would synthesize a 

substance everyone would use to 

for stain resistance & water 

resistance

➢ I would place this substance on:

➢Carpets

➢Fabrics

➢Furniture



Real World: History of Scotchgard

➢1956: 3M begins selling 

Scotchgard Protector

➢1999: EPA began an 

investigation into the class of 

chemicals used in Scotchgard

➢May 2000: 3M announced the 

phase-out of the production of 

PFOA, PFOS, and PFOS-related 

products

➢44 years later! 30



History of Scotchgard

➢2018, 3M agreed to 

pay the state of 

Minnesota $850 

million to settle a 

$5 billion lawsuit 

over drinking water 

contaminated by 

PFOA 
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The Evil Chemist
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➢As stated earlier, as an 

evil Chemist I want to 

contaminate:

➢Unborn babies

➢Nursing Infants

➢Young Children/Toddlers



Real World: Unborn babies

➢PFAS found in the umbilical 

cord blood from their 

mothers can cross the 

placenta barrier during 

pregnancy to the baby

➢Therefore, every time the 

Mother is exposed to PFAS, I 

could also contaminate the 

child!
34

Rappazzo, K. M., Coffman, E., & Hines, E. P. (2017). 

Exposure to Perfluorinated Alkyl Substances and Health 

Outcomes in Children: A Systematic Review of the 

Epidemiologic Literature. International Journal of 

Environmental Research and Public Health, 14(7), 691. 



Real World: Nursing Babies

➢Newborns can be 

exposed to PFAS 

through breast 

milk or

➢Through Formula 

made with water 

that contains PFAS
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Rappazzo, K. M., Coffman, E., & Hines, E. P. (2017). Exposure to 

Perfluorinated Alkyl Substances and Health Outcomes in Children: A 

Systematic Review of the Epidemiologic Literature. International Journal 

of Environmental Research and Public Health, 14(7), 691. Do not boil your water



Real World: Young Children

➢Young children have a 
higher risk of exposure to 
PFAS from carpet 
cleaners and similar 
products, largely due to 
time spent lying and 
crawling on floors in their 
early years
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Toddler



Real World: Young Children

➢In addition, 

children of all ages 

are exposed to 

PFAS in stain 

resistant car seats 

covers
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FIRE FIGHTING FOAM &

FIRE FIGHTERS

➢ Next, if I was an evil Chemist, I 

would synthesize molecules 

would be essential for 

extinguishing large fires

➢ Therefore, I would develop an 

innocent looking firefighting 

foam so I can both contaminate 

the ground, groundwater and 

the firefighters
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FIRE FIGHTING FOAM

➢As the evil Chemist, I would 

ensure that this foam would be 

used by both our military

➢And civilians

➢Therefore, I could contaminate 

all military bases & military 

personnel worldwide

➢ In addition, I could contaminate 

civilian airports and personnel
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FIRE FIGHTING FOAM

➢ If I was an evil Chemist, I 

would develop a “deluge 

system” that would be 

required in all aircraft 

hangars (both military and 

civilian)

➢All insurance companies 

would require this deluge 

system to insure the hangars
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Fire Fighting Foam with Deluge System
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FIRE FIGHTING FOAM

➢Next, if I was an evil Chemist, I would 

ensure that the volume of foam generated 

by this “deluge system” would be so 

great, that the only disposal option would be 

to open the hangar doors and release it to 

the environment

➢Therefore, I could contaminate the 

stormwater outfalls (rivers, creeks, lakes & 

oceans), the soil and groundwater
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This is not snow!
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Real World: History of AFFF
➢ AFFF (Aqueous Film Forming Foam) contains per-

and polyfluoroalkyl substances

➢ Both the Defense Department and Civilian 
organizations have used AFFF since the 1970s to 
suppress liquid fuel fires

➢ AFFF acts quickly by smothering fuel when a thin 
film of foam forms on the fuel, stopping contact 
with oxygen

➢ Repeated historical applications of AFFFs at sites 
were a result of fire-fighter training exercises and 
equipment testing 
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Real World:

Cancer Rates in firefighters are on the rise!

59



Cancer rates in firefighters

60

41 year old non-smoker



The Evil Chemist

➢As an Evil Chemist, I would 
introduce products that the 
populace would use 
everyday without even 
thinking about it

➢For example, I would 
synthesize a substance that 
is used in the following:
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Commercial and Consumer Products Containing PFAS

➢ Paper and packaging

➢ Clothing and carpets

➢ Outdoor textiles and 

sporting equipment 

➢ Ski and snowboard waxes

➢ Cookware  

➢ Cleaning agents and fabric 

softeners

➢ Polishes and waxes

➢ Latex paints 

➢ Pesticides and herbicides  

➢ Hydraulic fluids 

➢ Windshield wipers

➢ Paints, varnishes, dyes & 

inks

➢ Adhesives

➢ Medical products 

➢ Shampoo

➢ Hair conditioners

➢ Sunscreen

➢ Cosmetics

➢ Toothpaste

➢ Dental floss
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Cosmetics with PFAS

➢Eye Shadow

➢Lipstick

➢Foundation

➢Facial Powder

➢Bronzer

➢Blush
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Commercial and Consumer Products Containing PFAS

➢Cosmetics
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FOOD & DRINKING WATER
➢ If I was an evil 

Chemist, I would 

ensure that these 

molecules would be 

introduced into a food 

and drinking water
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PFAS: Waste Disposal
➢ Waste in landfills from consumer products containing 

Scotchgard, Teflon, Gore-Tex, etc., create landfill 

leachate containing PFAS1

➢ 89% of post-consumer carpets ends up in landfills 

across the country

➢ 4,000,000,000 pounds per year!2 (4 billion 

pounds/year)

➢ This leachate can contaminate groundwater with 

PFAS that is used for drinking water
1. Busch et al. 2010; Eggen, Moeder, and Arukwe 2010

2. Greenwaste, 2015
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How long do PFAS remain in the body?

According to CDC, PFAS with long carbon chains 

have estimated half-lives ranging from 0.1 to 9 

years such as:

➢PFBS: 0.1 years

➢PFOA: 2 to 4 years

➢PFOS: 5 to 6 years

➢PFHxS: 8 to 9 years

➢What are the medical problems with PFAS?
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Human Health Effects associated with PFAS

➢Kidney Cancer

➢Testicular Cancer

➢Other Cancers

➢Ulcerative Colitis (long-

lasting inflammation and ulcers 

in the digestive tract)

➢Thyroid Disease

➢Pregnancy Induced 

Hypertension

➢ Low birth weight

69

➢Probable link between C8 (PFAS) the 

following diseases:



Human Health Effects associated with PFAS

➢Preeclampsia 
(pregnancy complication 

characterized by high 

blood pressure and signs 

of damage to another 

organ system, most often 

the liver and kidneys)

➢Hypercholesterolemia 

(high cholesterol)

➢Decreased vaccination 

response
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➢Probable link between C8 (PFAS) the 

following diseases:



PFAS in Drinking Water

➢The Swedish National 

Food Agency has 

determined that the 

drinking water of over 

one third of the country's 

municipal consumers is at 

risk or already affected 

by PFAS contamination
71



PFAS contaminated water
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The result of PFAS
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Biosolids

➢PFAS have been found in domestic sewage 

sludge

➢Problem: According to USEPA states that 

more than half of the sludge produced in 

the United States is applied to agricultural 

land as biosolids, therefore biosolids 

application can be a source of PFAS to the 

environment
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Phase-out of Long-Chain PFAS

➢ In May 2000, 3M, the principal worldwide 

manufacturer and sole U.S. manufacturer of 

PFOS, announced a voluntary phase-out of 

PFOS, PFHxS, PFOA, and related precursors
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Phase-out of Long-Chain PFAS

➢This may be of little help

➢The problem is that PFAS are manufactured 

globally

➢Recently increased production of PFAS in 

China, India, and Russia have potentially 

offset the global reduction anticipated with 

the U.S. phase-out 
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The Future of PFOAs
➢ Early 2000, manufactures have shorten the 

length of these compounds from ≥ 8 carbons to 

≤ 6 carbons

➢ And have added new names:

❖GenX (consent order with EPA)

❖ADONA

➢ Less toxic???

➢We shall see……..



Analytical Techniques for PFAS

➢Potable Water: USEPA 537, Version 1.1

➢ Just 14 compounds out of 5000 to 10,000 

compounds

➢Non-potable water or soil: None

➢But EPA developing analytical techniques

➢Draft SW-846 Method 8327 Direct Injection

➢Draft SW-846 Method 8328, Solid Phase 

Extraction
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The Evil Chemist
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In summary, here are our challenges with PFAS:

1. Persistent (does not breakdown) = 

bioaccumulate

2. Mobile (water and/or fat soluble) so it can 

Bioaccumulate

3. Toxic to human health & the environment

4. Placed on items we use every day

5. Poor analytical techniques



A man testing a prototype football helmet. [1912]

QUESTIONS?


