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Provide Stain, Grease, Water and Fire Resistance

Also:

Stain and water-resistant sprays

Medical devices (& stent coating)

Home barrier insulation

Specialty paints (e.g., outdoor)

Paper coatings

Ski wax, bike & auto lube

Semiconductor manufacturing

Solar panels

Cleaners (auto, chain, gun, piano)

Hydraulic fracturing lubricant

Chrome plating fume suppressant

Shaving, ‘gliding’ floss, Band aids



PFOS

C8

Per- and Polyfluoroalkyl 

Substances (PFAS)

C6 | C4 | C3

Class of over 12,000 fluorinated chemicals

‘Forever Chemicals’

Legacy Current Use





WORKERS





Bioaccumulate in 

animals over time

Biomagnify 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

• Decreased infant and fetal growth

• Certain cancers (kidney, testicular)

• Pregnancy induced hypertension

• Thyroid disease and dysfunction

• Ulcerative colitis

C8 Health Study
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Lein 2024

Updated list 

includes immune, 

liver, reproductive, 

and other effects.



Estimated 6 Million Americans with Impacted Water

Hu et al. ES&T Letters 2016
13



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



www.pfas-exchange.org/connecting-communities



Contaminated Communities

*Map is limited by PFAS testing and reporting
https://www.northeastern.edu/environmentalhealth/tag/pfas-contamination-site-tracker/



Former Wurtsmith Air Force Base

Oscoda, MI

Specialized 

fire fighting 

foam

Hangar 

suppression 

systems

PFAS contamination discovered 

over 15 years ago

Contaminated base and residential 

water, adjacent Van Etten Lake, 

Clarks Marsh, and Au Sable River. 

Discharges into Lake Huron.



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



Do Not Eat Advisories





Wolverine Worldwide former Tannery

Rockford, MI

Poor disposal of 

tannery waste at 

dumping sites 

across town



Some Private Wells Highly Contaminated



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



Drinking Water Interventions

Bottled Water

Filter Residential Well

Change Public 

Water Supply

Filter Municipal 

Water Supply



CDM Smith (2020)

Enforceable Standards: Maximum Contaminant Levels (MCLs)



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

Test results in Michigan 

are publicly available





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.





10% of Public Water Systems Exceed PFAS MCL

EPA Office of Water: https://www.epa.gov/system/files/documents/2023-08/ucmr5-data-summary_0.pdf

Report through 4th set of data collected and is only 35% of total results expected by 2026.

25% of systems exceed EPA’s health reference level for screening lithium

Searchable data: https://www.epa.gov/dwucmr/fifth-unregulated-contaminant-monitoring-rule-data-finder



Former Crown Vantage Paper Mill

Parchment, MI

Used in grease 

resistant paper 

food packaging

Paper making waste disposed in 

nearby landfill



Being phased out



Milt Klingensmith | MLive.com

PFAS from the landfill 

contaminated the 

groundwater and the 

nearby municipal wells
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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



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



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



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 passes through 

the waste-water 

treatment plant into 

the Huron River and 

into biosolids.

Biosolids are often 

applied to agricultural 

fields for nutrients, 

landfilled or 

incinerated.

Michigan’s pre-

treatment program 

now helps limit PFOA 

and PFOS influent.





PFAS discharge 

from chrome 

plating facilities to 

waste-water 

treatment plants



Miranda et al. 2023

Fish can be a 

notable source of 

PFAS exposure



Petali et al 2024

PFOS Consumption Advisories Vary by State



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/


Gridphilly.com

PFAS in Compost        Soil       Crop    Livestock/People

Some compostable packaging can be a source of PFAS



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)



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

• 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



Oliaei et al. 2012

Primary Exposure Pathways

Impacted Communities:
• Occupational

• Drinking water

• Fish

• Venison

• Home eggs

• Breast milk & Formula (water) 

General population:
• Water resistant sprays

• Stain resistant carpeting

• Microwave popcorn

• Fish

• Grease resistant packaging

• Non-stick cookware (Teflon)

• Make-up (lipstick, foundation)



Occupational Exposures
Examples:

PFAS chemical manufacturing

Tannery, leather workers

Carpet and upholstery manufacturing

Specialty textile manufacturing

Medical device manufacturing

Manufacturing home barrier insulation

Manufacturing and using specialty paints 

Specialty paper manufacturing

Ski, bike & auto makers and technicians

Semiconductor manufacturing

Solar panel manufacturing and installation

Auto, bike, gun, and piano maintenance

Plumbing (Teflon tape)

Auto wash (‘Teflon’ treatment)

Hydraulic fracturing (used as lubricant)

Chrome plating (fume suppressant)

Firefighters (esp. military & airport: AFFF)
*Blood tests may not test/work for PFAS used over past decade



Contaminated Communities often Support: 

• Improved drinking water treatment technologies

• Safe disposal of PFAS containing waste

• Restrict manufacture and use of PFAS that are not essential

• Enforceable federal drinking water standards (MCLs)

• Expanded and equitable drinking water testing

• Research and especially health studies

• Access to PFAS blood testing and medical monitoring

• Clinician education and support





Community Perspectives

NASEM 2022 Appendix B: Summary of the Committee’s Town Halls



https://www.ehn.org/pfas-testing-2653577444.html



pfas-exchange.org



Blood testing fact sheet has codes for doctor 



pfas-exchange.org



PFAS-Impacted People Their Clinicians

Medical Screening Guidance



www.pfas-exchange.orgpfas-exchange.org



What’s My Exposure?

www.pfas-exchange.org

(or water)

This online tool can help 
interpret PFAS levels in 

water and blood.



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





Scroll Down





Free CME



New Clinician Training CME

Phil Brown Laurel SchaiderCourtney CarignanAlan DucatmanLinda Birnbaum Elizabeth Friedman

Developed by our PFAS REACH team in collaboration with project partners. 

Features leading experts in PFAS toxicology, occupational medicine and 

pediatric environmental medicine.



New Clinician Training CME

Sandy Wynn-SteltAndrea Amico Ayesha Khan Jamie Honkawa

Includes presentations by project partners and personal stories from people 

impacted by PFAS contamination. Produced by communication professionals.



Full report is free online. 

https://nap.nationalacademies.org/catalog/26156/guidance-on-pfas-exposure-testing-and-clinical-follow-up



NASEM 2022



PFAS Health Effects

• Literature review of studies on effects of PFAS in humans

• Synthesized available evidence, including previous decisions from other 

authoritative bodies and more recent human studies.

• Because most people are exposed to mixtures of PFAS, making it difficult 

to disentangle the specific effects of each PFAS, the Committee provided 

one strength of evidence determination for all PFAS for each health effect.

• Categories of “strength of evidence”: (1) Sufficient evidence of an 

association; (2) Limited suggestive evidence of an association; (3) 

Inadequate or insufficient evidence of an association; and (4) Limited 

suggestive evidence of no association. 

NASEM 2022



https://nap.nationalacademies.org/resource/26156/PFAS%20Guidance%20Highlights.pdf

(high cholesterol)

NASEM 2022



Advising Patients Seeking Exposure Reduction

1. Talk with patient to determine if and how they may be exposed;

2. Advise those with:

• Occupational exposures to consult with occupational health clinician;

• Elevated PFAS in drinking water to use and maintain filters;

• Living in areas of known PFAS contamination that PFAS can be present 

in fish, wildlife, meat and dairy.

3. For infants: discuss steps that can lower sources of exposure 

(e.g., mix formula with safe water).

NASEM 2022



PFAS Testing and Levels that can Inform Clinical Care

Testing should be offered to patients with elevated PFAS exposure

Benefits:

• Helps people to better understand and mitigate their exposure

• Exposure levels can inform clinical follow-up

Limitations

• Do not predict likelihood of a health effect as individual risks vary

• Levels in blood decrease over time and that decline varies by PFAS

• May increase stress or health concerns 

Whether to test requires shared, informed decision making

(although may also decrease them)



Human Biomonitoring Commission in Germany and the European 

Food Safety Authority determined guidance values for:

• Levels below which health effects are unlikely to be observed, and

• Levels above which effects have been observed in the general 

population and more sensitive groups such as pregnant persons. 

Using these risk-based values and assumptions of dose additivity, 

the committee determined that:

PFAS Testing and Levels that can Inform Clinical Care



Clinical Guidance for Follow-up with Patients after PFAS Testing

National Academies of Sciences, Engineering, and Medicine. 2022. Guidance on PFAS 

Exposure, Testing, and Clinical Follow-Up. Washington, DC: The National Academies Press. 

https://doi.org/10.17226/26156



National Academies Medical Screening Guidance
Advises tests in typical physical plus a little more



Contextualizing possible increases in population risk can be 

useful. Kidney cancer example:

• Odds Ratio = 2 among those with elevated PFAS in drinking water.

• If general population odds is 1 in 64 then a doubling of odds is 1 in 32.

• May expect this 2-fold higher incidence in populations with 

comparatively elevated exposures. This inference uses population risk.

• However, an individual person’s risk will vary as each person has 

different risk factors and most diseases have multiple risk factors.

Population Inference of Risk



Workflow Review

• Exposed patient (suspected or known based on water levels,  

occupation, etc) requests blood testing.

• Can order a blood test using ICD-10 diagnosis code Z13.88, Test 

Code 39307 and CPT code 82542 (see Blood Testing Fact Sheet). 

• Share medical screening guidance (on PFAS Exchange).

• Contextualize results using Exposure tool (PFAS Exchange).

• Offer medical screening based on NASEM guidance.

• Those with notably high PFOS: might consider 6 week course of 

cholystyramine (see our guidance and results of clinical trial).



2024 Conference: Recordings of sessions on the Michigan Story, Human Rights, etc.

nationalpfasconference.org



Dark Waters Motion Picture

Dramatization of the true story of PFAS discovery



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

83

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

I serve/have served as an external peer-reviewer for agency PFAS documents.

I have served as a plaintiff’s expert witness for two PFAS cases.

I currently am funded to investigate PFAS exposure pathways and effects on 

reproductive and child health (sources of funding: NIH, EPA, USDA, IAFF).

Disclaimer: The views expressed do not necessary reflect those of funders.



Thank You!

Contact:

Courtney Carignan

carigna4@msu.edu
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