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• Manmade, fluorinated organic chemicals widely used in 
industrial processes and consumer products.

• Widely used because they provide water, oil, heat, and 
stain resistance, along with nonstick performance, 
chemical stability, and durability.

• No single accepted definition of PFAS, but by some 
estimates there are more than 14,000.

https://efcnetwork.org/forever-chemicals-pfas-in-water-and-3-ways-to-treat-them/

https://www.sciencefocus.com/science/are-synthetic-chemicals-really-bad-for-you



Per- and Polyfluoroalkyl Substances ​ (PFAS)

PFOA PFOS PFBA
PFBS

PFOS replacement

Legacy PFAS Short-chain PFAS
https://extension.psu.edu/understanding-pfas-what-they-are-their-impact-and-what-we-can-do



Breaking C-F bonds usually requires extreme conditions such as high heat, strong 

oxidation, electrochemical treatment, or other high-energy processes.

https://en.wikipedia.org/wiki/Lava



Increasing levels of PFAS seen in Antarctica

https://thehill.com/changing-america/sustainability/environment/3579922-increasing-levels-
of-forever-chemicals-seen-in-antarctica/



Proposed limit:

• PFOA: 4 ppt

• PFOS: 4 ppt

• PFHxS, PFNA, 

HFPO-DA (GenX): 

10 ppt each

https://echo.epa.gov/trends/pfas-tools#using



(Andrews, et al., 2021)

AWWA Water Science, Volume: 3, Issue: 5, First published: 12 October 2021, DOI: (10.1002/aws2.1252) 

Maps showing the locations of four different types of potential per- and polyfluoroalkyl substances dischargers in 
the contiguous United States, including landfills, wastewater treatment plants, electroplating, and metal finishing 

facilities and airports



https://www.atsdr.cdc.gov/pfas/hcp/clinical-overview/human-exposure.html
https://www.the-scientist.com/pfas-exposure-and-health-effects-72472

https://www.atsdr.cdc.gov/pfas/hcp/clinical-overview/human-exposure.html
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Category

Long-chain PFAS Short-chain PFAS

Toxicity
• Often more toxic at lower doses
• Longer residence time in body
• Stronger biological interactions

• Generally lower toxicity per exposure
• Shorter residence time in body 
• Still not harmless

Bioaccumulation
• High bioaccumulation in humans and wildlife 
• Slow elimination (years in humans) 
• Builds up over time

• Lower bioaccumulation
• Faster elimination (days–weeks)
• Less buildup in tissues

Mobility
• Lower mobility in water/soil 
• Stronger sorption to organic matter 
• More likely to stay near source

• High mobility in water/soil 
• Weak sorption → travels easily 
• More difficult to contain

PFOS PFBS



1940s - 1950s 1970s 1990s - 2000s 2010s 2020s

First Synthesized  and 
Commercialized

First Evidence of PFAS in 
the Environment

Research, Regulations 
and Mitigation Efforts

Increased Awareness and 
Regulations

PFAS Contamination in 
Agriculture Identified

(Abunada et al., 2020)

History

https://www.iatp.org/docume

nts/forever-chemicals-and-

agriculture-case-study

https://cen.acs.org/environment/persistent-pollutants/California-bans-PFAS-firefighting-foams/98/i38
https://www.teflon.com/en/industries-and-solutions/solutions/consumer-applications/nonstick-coatings/how-nonstick-coatings-work
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Options for PFAS in Soil
Many technologies remain in the laboratory research phase
- Destruction

o Incineration
o Smoldering

- Removal
o Soil washing
o Ball milling (crushing/grinding)

- Phytoremediation (using plants to remove or degrade)
- Stabilization of PFAS in the soil

o Granular activated carbon
o Biochar (made from biomass)
o Clays
o Ash
o Commercial products (such as RemBind®)



Hydrophobic 

adsorption

Electrostatic attraction

Micropore trapping

+
++

Sorbent Particles

https://rembind.com/uploads/RemBind-Presentation-Battelle-June-2024.pdf



Options for PFAS Contamination in Water

• Conduct risk assessment for what is 
being grown

• Conduct risk assessment for impacting 
nearby ground water 

• Filters
• Flow rate
• Contamination levels
• Maintenance costs

• New surface water source

• New well if clean ground water is 
possible







PFAS Definitions 

• There is no universally agreed upon definition of PFAS

• Different organizations, states, and governments define 
PFAS differently 

• The most broad definition of  PFAS includes chemicals 
containing at least one fully fluorinated carbon atom
oSeveral states use or reference this definition

• Michigan’s working description classifies PFAS as having at 
least two fully fluorinated carbon atoms

https://pfas-1.itrcweb.org/2-2-chemistry-terminology-and-acronyms/

https://www.ecos.org/wp-content/uploads/2025/04/ECOS-PFAS-Compendium-FINAL.pdf
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EPA Office of Pollution Prevention and Toxics Definition

• PFAS is defined as including at least one of these three structures:
• R-(CF2)-CF(R’)R’’, where both the CF2 and CF moieties are saturated carbons

• R-CF2OCF2-R’, where R and R’ can either be F, O, or saturated carbons

• CF3C(CF3)R’R”, where R’ and R” can either be F or saturated carbons

As an example, in Minnesota there are 875 pesticide active ingredients registered:

• Using the EPA's definition, there are 6 active ingredients that contain PFAS

• Using the state's definition of PFAS (1 fully fluorinated Carbon) there are 97 pesticide 
active ingredients that contain PFAS



PFAS in Pesticides- not new, but increasing

• OECD: one perfluorinated methyl

(-CF3 ) or methylene group (-CF2 -)

• Organofluorine: have at least one 

carbon-fluorine bond



Sources of PFAS in Pesticides

Figure from PFAS in Pesticides: Final Report to the Legislature

https://www.lrl.mn.gov/docs/2025/mandated/250302.pdf


https://pfasfree.org.uk/pfas-in-pesticides



TFA – Trifluoroacetic acid

- Ultra short chain PFAS (2C)

- Highly mobile (water, crop uptake)

- Extremely difficult to remove from water – 
expensive and high energy

• Used in many applications such as refrigerator 
coolant, pharmaceuticals

- Not routinely tested for or regulated

- Need more research to determine impacts 
on human health
- Not thought to be bioaccumulative, however 

unknown impact of continuous exposure
▪ Most research is based on short term exposure 

in lab animals (rats and fish)



Crop Uptake

• To better understand risk 
associated with PFAS entering 
the food chain we need to know 
more about PFAS movement into 
plants

• The numerical value assigned to 
this movement is known as the 
Transfer Factor

PFAS

PFAS

PFAS

PFAS

PFAS

PFAS

PFAS



Whether PFAS stay in the soil vs. move into the ground water vs. 
uptake into the plant varies due to:

• Specific structure and polarity of PFAS molecule
• Soil carbon (organic matter)
• Growing medium
• Soil mineral content
• Plant protein and lipid content
• pH
• Frequency of watering
• Temperature
• The interaction between all these variables

+ which portion of the plant is being consumed!







(Simones et al., 2024)





Effect of produce type on PFAS concentrations in produce. 

The sample size for each box plot was labeled using colors that match the corresponding scatter points.

DOI: (10.1021/acs.jafc.4c06177) 

Water-rich: blueberries, strawberries, 

tomatoes, lettuce, blackberries, figs

Tree-fruit: apples, peaches, pears

Oil-rich= pecans

Starch-rich = potato, corn, sweet 

potato

PFAS by Plant Type



Temporal PFAS concentration trends in different produce types at two sampling sites.

PFAS concentrations after air pollution 
control measures implemented (2013)



Effect of washing the produce on PFAS

Suggests that PFAS had 

accumulated through 

internal plant uptake 

- No soil data 



Plant Accumulation of PFAS

(Liu et al., 2019)



Data is from Maine's Department of Agriculture, 
Conservation and Forestry (DACF) and is not published yet.

Vegetable PFOS Uptake



Maine Vegetable Farm

• 10-acre organic mixed vegetable and 
flower farm.

• Contaminated water (surface and ground) 
from neighboring dairy farm that had sludge 
applied to their fields.

• Irrigation was from a spring-fed surface water 
pond that had high levels of PFOS

• Drinking water in the home was also high

• Family members have elevated PFOS levels



Maine Vegetable Farm
Strategies:

• Worked with state agencies to determine 
contamination pattern of soils

• Moved from vegetables to flowers on the 
highest impacted fields

• Leafy greens grown on a small area lowest 
soil PFAS

• Leafy greens accumulate PFOS at a 
high rate 

• Difficulty with pest management due to lack of 
crop rotation ability



Maine Vegetable Farm
Strategies:

• Frac tank filled with 20,000 gallons of 
water from municipal treatment plant

• Filter would not be able to keep 
up with irrigation demand

•Whole house filter for drinking water

• New 700-ft deep well 

•Down the road, across a creek, not 
impacted by PFOS from dairy farm 
applications

•Slow process; ~ three years



Calculating the risks of PFAS in food

• What specific PFAS chemicals 
are being consumed?

• Not all analytes are equal

• Who is consuming the PFAS?
• Child or an adult?

• Underlying health conditions?

• How much of the food is 
consumed?

• 90th Percentile?

• What is the total dose of PFAS?
• Background exposures?



What is a safe dose? Toxicity!

Agency PFOS Toxicity Value 

(ng/kg-bw/day)

Year Derived

US EPA 20 2016

US EPA 0.1 2024

ATSDR 2.0 2021

MI SAWG 2.89 2019

CA OEHH 0.64 2024

European Union 0.63* 2022

*Sum of four PFAS (PFOS, PFOA, PFNA and PFHxS) with a tolerable weekly 
intake of 4.4 ng/kw-bw/week, effects on the immune system considered the 
critical effect.



PFAS Food Safety Standards in the 
European Union 
• “Maximum Levels” on meats and eggs

• Investigative levels for milk, fruits, vegetables, starchy 

roots and tubers, wild fungi

o Further investigation of the cause of contamination 

should be carried out when these levels are 

exceeded
Product “Indicative Level”

Fruits, Vegetable, Starchy Roots, Tubers 10 ppt (ng/kg)

Wild Fungi 1500 ppt (ng/kg)

Milk 20 ppt (ng/kg)



PFAS in food supply



MSU and MPART are working to develop 
a strategy for working with farms 
• Education

• Risk assessment

• Sampling
• Soil

• Water

• Follow up discussions

• Mitigation strategies
- Funding for infrastructure changes 













www.canr.msu/edu/pfas/



Upcoming Webinars





MSU is an affirmative-action, 

equal-opportunity employer. 

Michigan State University 

Extension programs and 

materials are open to all 

without regard to race, color, 

national origin, sex, gender, 

gender identity, religion, age, 

height, weight, disability, 

political beliefs, sexual 

orientation, marital status, 

family status or veteran status. 
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