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Provide Stain, Grease, Water and Fire Resistance



PFOS
C8

‘Forever Chemicals’
Perfluoroalkyl Substances

(PFAS)
C6 | C4 | C3

Current Use
‘Short Chain’Legacy

‘Long Chain’



Wang et al. 2017

Thousands of PFAS

This shows major categories

Many ‘short chain’ PFAS are 
precursors, which means 

they can transform into the 
‘long chain’ PFAS



Migrate easily 
from industrial 

plants and 
products



WORKERS



Diet is believed to be 
the primary PFAS 
contributor for the 
general population.

There are many 
pathways via food 
contact materials and 
the environment



Bioaccumulate in 
animals over time

Biomagnify up the 
food chain



Extremely persistent
Transported all over the world
Accumulate in animals and up the food chain



Liu et al 2019

Current use 
(short-chain) 
PFAS are taken 
up into produce

Legacy (long-chain) 
PFAS bioaccumulate 
in animals
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Found in the bodies of most Americans

Born exposed



Health Concerns:
• High cholesterol
• Immune effects (e.g., reduced antibody response)
• Decreased infant and fetal growth
• Certain cancers (kidney, testicular, breast)
• Pregnancy induced hypertension
• Thyroid disease and dysfunction
• Autoimmune disease (e.g., ulcerative colitis)

https://www.nationalacademies.org/our-work/guidance-on-pfas-testing-and-health-outcomes
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Lein 2024

Effect multiple 
systems of the 
body.

Sensitive 
endpoints are 
developmental 
and immune.



Oliaei et al. 2012



15

Based on Schaider et al. ES&T Letters 2017



Food Contact Materials
• Applied to paper food packaging for grease 

resistance
• Migrates from packaging into foods
• People who eat more popcorn have higher 

PFAS levels in their blood
• Transitioned from long-chain (PFOA) to short-

chain (6:2 FTS)
• FDA announced in 2024 that grease-proofing 

materials containing PFAS are no longer being 
sold for use in food packaging in the U.S.

Phased out (not regulated) domestically
Still FDA authorized for limited use in 
cookware, food packaging and food 
processing equipment



https://www.sfei.org/projects/pfas

Family tree of PFAS sub-groups
Large class of over 20,000 
chemicals
Include many ‘precursors’ that 
transform to PFCAs and PFSAs 
in the environment and our 
bodies
Total organic fluorine tests can 
help identify how much PFAS is 
not identify by standard method



Former Crown Vantage Paper Mill
Parchment, MI

Used in grease 
resistant paper 
food packaging

Paper making waste disposed in 
nearby landfill



Milt Klingensmith | MLive.com

PFAS from the landfill 
contaminated the 

groundwater and the 
nearby municipal wells

PF
AS

 C
on

ce
nt

ra
tio

n 
(n

g/
L)



High PFAS Concentrations in Municipal Water
1600 ng/L (parts per trillion)

>700 ng/L PFOS

>600 ng/L PFOA

4 ng/L for PFOS

Maximum Contaminant 
Levels (MCLs)

4 ng/L for PFOA

Bauer et al. in review



Drinking Water Interventions

Bottled Water

Filter Residential Well

Change Public 
Water Supply

Filter Municipal 
Water Supply



Lower PFAS Concentrations in Current Tap Water
<40 ng/L (parts per trillion)

Bauer et al. in review

1PFAS not in standard panel

Up to half current concentration in tap water is less monitored PFAS



Local and Home Produced Foods

Local Venison

Local Fish Home Grown Produce

Home Produced Eggs



Elevated PFAS in animal products and some produce 
contribute to local dietary exposure

Credit: A. Bhattacharya
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Bhattacharya et al. in review

Eggs & Venison Garden Produce Tap Water
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Eggs & Venison
Concentration
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Eggs & Venison
Dietary Exposure

0.1 for PFOS

U.S. EPA Reference 
Doses (ng/kg-bw/day)

0.03 for PFOA

PFOS exposure from typical 
consumption of Site eggs and 

venison exceeds RfD



Elevated PFAS in Eggs, Venison 
and some Produce in/near Site

Our recent findings:
• Highest levels in home 

produced eggs and locally 
captured venison (2-14 ppb)

• Eggs and some produce higher 
from farms near the site (3-4 ppb)

• While soils are highest for 
PFOS, it is low in produce



Sources of PFAS to Chickens/Eggs
Contamination of:
• Drinking water
• Soil & Invertebrates
Presence in:
• Bedding (certain recycled papers)
Often contains PFOS:
• Fish meal

Eggs can be a considerable source of dietary 
PFAS exposure for home produced eggs in 
communities with PFAS contamination.

Levels in eggs can be elevated even with low 
concentrations in drinking water.

Monitoring is useful and wise, as 
interventions can be simple and quickly 
effective as chickens eliminate PFAS much 
faster than people.

Fish meal feed can substantially increase 
PFAS in eggs.



Elevated PFAS in Chicken Eggs from Fish Meal



PFAS in Egg Yolks from Small Danish Farms

X indicates closed production

Farms with <500 chickens Granby et al. 2023



PFAS in Egg Yolks from Large Danish Farms

Granby et al. 2023



Granby et al. 2023



Miranda et al. 2023

Fish can be a 
notable source of 
PFAS exposure



Petali et al 2024

PFOS Consumption Advisories Vary by State



110 Million Americans with Impacted Water

Hu et al. ES&T Letters 2016
35

Public water system contamination 
more likely with closer proximity to:
• PFAS industrial sites 
• Military fire training areas
• AFFF certified airports
• Wastewater treatment plants



Presumptive Sources

Red dots show 
where PFAS is 
likely used

https://pfas-exchange.org/connecting-communities/



https://www.ewg.org/interactive-maps/pfas_contamination/map/

Concentration of 
blue dots indicate 
which states have 
been testing



Former Wurtsmith Air Force Base
Oscoda, MI

PFAS 
contamination 
discovered over 
15 years ago



Aqueous Film Forming Foam (AFFF)

Used to fight fuel fires Hangar Suppression Systems



Aqueous Film Forming Foam (AFFF)

Firefighter Training Vehicle Fires

Firefighters were told it was as 
‘safe as soap and water’



PFAS Easily Migrate into Groundwater

Zeidan et al. 2016

Groundwater is 
commonly used for 
drinking water by 
cities, towns and 
individual homes



High levels in 
drinking water and 

groundwater



Advisories for:
• Drinking water
• Fish
• Deer
• Foam

PFAS migrate into surface water:
Van Etten Lake

Clarks Marsh → Au Sable River → Lake Huron



Elevated PFAS in Surface Water Foam



Elevated Exposure to PFAS in Surface Water Foam

Surface Water Foams
• Accumulate PFAS
• Contained 16 different PFAS
• PFOS Max=97,000 ppt (ng/L)
• PFOS Enrichment factor = 2830
• Exposure estimate for children ingesting 

the foam exceeds health-based guideline

Schwichtenberg et al. 2020 (Enviro Sci Technol)



Wolverine Worldwide former Tannery
Rockford, MI

Poor disposal of 
tannery waste at 
dumping sites 
across town



Chrome Plating 
Huron River

https://finishingandcoating.com/index.php/plating/224-epa-michigan-find-that-pfos-suppresants-work

PFAS used as 
fume suppressant 
in chrome plating



PFAS discharge 
from chrome 
plating facilities to 
waste-water 
treatment plants





Concerns grow over PFAS-tainted 
sewage sludge spread on croplands

Source: MI cattle farm newsSource: MI sewage sludge application

Discoveries over past decade include WV, AL, CO, NM, ME, MI. Need to be able to discover and act. 
National support is urgently needed for farmers and regulators.

PFAS in Biosolids       Soil       Crop    Livestock/People

https://www.theguardian.com/environment/2022/feb/11/michigan-beef-dangerous-levels-forever-chemicals
https://www.greatlakesnow.org/2019/09/concerns-michigan-pfas-sewage-sludge-croplands/


Liu et al 2019

Current use (short-
chain) PFAS are 
taken up into produce

Legacy (long-chain) 
PFAS bioaccumulate 
in animals

Diet is the primary exposure pathway for general 
population



PFAS in Biosolids       Soil       Crop    Livestock/People

Our recent finding (unpublished):
• Kernels non-detect despite 

high PFOS in soil ~500 ppb

Silage is known to take up PFAS 
more readily
Current use short-chain PFAS are 
taken up into crops



PFAS in Compostable Bowls

Preventable. Sustainability claims need to consider contaminants as well.



Gridphilly.com

PFAS in Compost        Soil       Crop    Livestock/People



Maine PFAS Screening Levels

Maine DEP (2023)

Maine has helpful guidance and has been more proactive than most states. 



Maine PFAS Screening Levels

Maine DEP (2023)



https://www.maine.gov/dacf/ag/pfas
/pfas-response.shtml



Collecting Samples for PFAS Testing

Follow ITRC Sampling Guidance
• Take care to minimize background contamination
• Collect into PFAS-free container (e.g., zip bag)
• Transport in cooler on ice
• Freeze at -20C until shipment

ITRC Guidance Website: https://pfas-1.itrcweb.org/11-sampling-and-analytical-methods/#11_1



Analytical Challenges
• Matrix effects
• Interference
• Background contamination



Contract Labs
• Axys Environmental
• Eurofins Test America
• Vista

Typically costs hundreds of dollars per sample.
Inexpensive screening methods are needed



Analytical Methods
• HPLC-MS/MS
• UPLC-MS/MS
• LC-QTOF-MS
U.S. FDA: https://www.fda.gov/food/process-contaminants-
food/testing-food-pfas-and-assessing-dietary-exposure
ITRC: https://pfas-1.itrcweb.org/11-sampling-and-analytical-
methods/#11_2
Peng et al. 2022 for novel PFAS 
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.1c07665

https://www.fda.gov/food/process-contaminants-food/testing-food-pfas-and-assessing-dietary-exposure
https://www.fda.gov/food/process-contaminants-food/testing-food-pfas-and-assessing-dietary-exposure
https://pfas-1.itrcweb.org/11-sampling-and-analytical-methods/#11_2
https://pfas-1.itrcweb.org/11-sampling-and-analytical-methods/#11_2


Cost
• Contract labs typically charge hundreds of dollars per sample.
• Effected by rising costs of both analytical standards and labor.
• Inexpensive comprehensive screening methods are needed.







While PFAS are profitable to industry 
the cost to society due to health effects, 
testing and treatment are enormous.





Transition to PFAS-free Alternatives Occurring/Needed
• Food-contact materials
• Textiles
• Carpets
• Leather
• Metals
• Cookware
• Lubrication
• Personal care products

• Cosmetics
• Firefighting foams
• Electrical device components (e.g.,fuel cells)
• Ski waxes
• Cleaning products
• Building materials
• Refrigerants
• Etc.



Drinking Water Protections
• New Federal MCLs for some PFAS
• Nationwide testing of public water systems
• Federal funding to help support treatment of public water systems
• Many polluter pay type lawsuits settled/ongoing to support treatment



Protections for Food
• Reducing/eliminating production, use and disposal of PFAS will reduce 

migration pathways to food
• Many states have fish advisories
• PFAS added to FDA’s Total Diet Study (ongoing with lower MDLs)
• Michigan implemented a pre-treatment program to reduce the biosolids 

pathway
• Maine has guidance for irrigation water, soils and foods – and has 

banned application of biosolids or sludge on agricultural fields
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Sessions on Dietary Sources, Human Rights, etc. – recordings post soon
nationalpfasconference.org
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Thank You!

carigna4@msu.edu

Check out our website with tools/resources for communities:
pfas-exchange.org



https://sites.nicholas.duke.edu/pfas/files/2020/09/PFAS-and-Water-Filtering-fact-sheet.pdf



www.pfas-exchange.orgwww.pfas-exchange.org





CDM Smith (2020)

Enforceable Standards: Maximum Contaminant Levels (MCLs)



U.S. EPA Federal Drinking Water Standards

Historic 
enforceable MCLs 
for PFAS 
Goal (MCLG) is no 
detectable PFOA or 
PFOS.
MCL is based on 
feasible detection 
limit for most labs.



https://www.michigan.gov/egle/maps-data/mpart-pfas-gis

Can look up test 
results across 
much of Michigan 



Drinking Water (2023 Study)
• USGS estimated that at least 45% 

of the nation’s tap water contains 
measurable levels of PFAS

• Concentrations were similar 
between public supplies and 
private wells

https://www.usgs.gov/news/national-news-release/tap-water-study-detects-pfas-forever-chemicals-across-us

PFAS contamination and exposure



www.pfas-exchange.org/connecting-communities

This map shows 
‘site’ data compiled 
across the U.S.
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Pre-TSCA Reform



https://prhe.ucsf.edu/strengthening-chemical-regulatory-process

85https://prhe.ucsf.edu/strengthening-chemical-regulatory-process

Effective chemical policy is needed 
to help protect food supply.
Scientists need your help. 
Share concerns with legislators. 
This is a bipartisan issue.
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