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PFAS

• Per- and Polyfluoroalkyl Substances (PFAS)

• Depending on definition, over 10,000 different analytes

− Strong Carbon-Fluorine Bonds 



Chain Length
• PFAS chain length 

influences their 

environmental mobility 

and bioaccumulation in 

the environment

• Long chain PFAS tend 

to bioaccumulate more 

and have a larger 

potential for causing 

health impacts

(Aquagga Inc., 2024)



Per- and polyfluoroalkyl substances (PFAS)
European Union 2023 Maximum Level (ppb)

Product PFOS PFOA PFNA PFHxS Sum of Four

Meat of Bovine, 
Pig, or Poultry

0.30 0.80 0.20 0.20 1.3



PFAS Development

1930s 1940s 1950s 1960s



Electrochemical Fluorination



(Leads, 2024, modified)

• Carpeting
• Waterproof 

clothing
• Waterproof/ 

greaseproof food 
packaging 

• Cosmetics 
• Stabilize emulsions
• Metal plating 
• Firefighting foams
• Non-stick cookware



• Don’t Break Down Easily

• Long half-life in humans (PFOA, PFOS)

So Why The Concern?



PFAS and Health

• Some well-studied analytes, such as 
PFOA and PFOS, have been linked 
to negative human health outcomes:
− Liver and thyroid malfunction

− Immunological disruption

− Cardiovascular effects

− Developmental effects

− Reduced fertility 

− Higher cholesterol

− Developing certain types of cancer



Exposure to PFAS Chemicals

• Drinking contaminated water

• Eating fish caught from water contaminated by 
PFAS

- “Eat Safe Fish” Guidelines

• Incidental swallowing of contaminated soil or 
dust 

• Eating food packaged in materials containing 
PFAS

• Using some consumer products 

• PFAS absorption through skin is typically not a 
concern



Blood levels 
of the 

most common 
PFAS in 

people in the 
United States 

2000-2018

(ASTDR, 2024)



As of 3/25/2026…
340 sites

39 AOIs

(MPART, 2025)



Identified PFAS 
Source

Landfill

Industrial
Plating

Wastewater

Airport

Military





Interpreting PFAS Results

Solids – 
soils, 
food, etc.

Liquids – 
water, 
milk, etc.



What are Biosolids? 

• Biosolids are nutrient-rich, organic solid, 
semisolid, or liquid residues coming from 
wastewater treatment plants 

o Go through several treatment processes 
to reduce pathogens and vector (flies, 
mosquitos and rodents) attraction

o These treatment processes do not remove 
PFAS chemicals

• Come in various forms 

o Liquid, dewatered cake, slurry, composted 
materials, or dried pellets. 



Class A, EQ standards vs Class B Biosolids

Class B

• Treatment processes 
significantly reduce 
pathogens (not eliminate)

• May not be applied to lands 
with high potential for 
human exposure

• Annual PFAS monitoring in 
MI biosolids used for land 
application

Class A

• Designed to further reduce 
the risk from pathogens 
present

• Fewer additional 
requirements for land 
application

• Annual PFAS monitoring in 
MI biosolids used for land 
application

Class A EQ

• Meets both Class A and 
Exceptional Quality 
standards for the level of 
pathogen reduction, 
stringent pollutant limits, 
and vector attraction 
standards

• Can be sold directly to the 
public for use in home 
gardens or on lawns

• Quarterly PFAS monitoring 
in MI biosolids used for land 
application



Disposal Options for Biosolids

Land 
Application

• Can be beneficial 
for soil health

• May contain 
chemicals like PFAS 

Landfill

• Limited capacity

• Some landfills may 
not accept biosolids 

• Can be costly 

Incineration 

• Limited capacity

• Need extremely 
high temperatures 
to destroy PFAS 
(>1000°C)



Fate of Biosolids in the United States

(EPA, 2024)



Fate of Michigan 
Biosolids 

(EGLE, 2025)



Annual Biosolids Land Application in Michigan

(EGLE, 2025)



Benefits of Biosolids Land Application

• Increase organic matter in soil

• They have important nutrients for 
plant growth and soil fertility
oNitrogen and phosphorous as well as 

essential micronutrients such 
like copper, iron, and zinc

• Inexpensive
o Low/No cost to farmers

oAllows for a reduction in the use of 
commercially produced fertilizers

The Photo by Photo Author is licensed under CCYYSA.



Concerns with Biosolid Applications

Neighbor relations 

-Odor 

-Truck traffic 

Nutrient runoff* Contaminants 

-PFAS

-Pharmaceuticals 

-Artificial sweeteners

Contaminant runoff*



Regulatory Considerations Prior to Land Application

• Distance of application from:
oSurface water
oMunicipal wells

oDomestic wells
oHomes
oCommercial buildings

• Crop harvest time restrictions

• Slope

• Soil fertility test results (phosphorous)

• Frozen/ saturated ground

• Groundwater depth



How do PFAS get into biosolids?How do PFAS get into biosolids?



States with Guidelines for PFAS in Biosolids (as of April 2025)

• Maine was the first state to 
enact a ban of biosolid land 
applications

• Several states have new 
legislation regarding PFAS in 
biosolids 
o Virginia
o Rhode Island
o Washington

(ECOS, 2025)



Michigan Industrial Pretreatment Program (IPP) PFAS Initiative

• The discharge of pollutants from industrial 
wastewaters to WWTPS is regulated in 
Michigan through the IPP

• In 2017, EGLE identified a WWTP passing 
through PFOS received from a chrome plating 
facility exceeding Michigan’s water quality 
standard for PFOS of 12 ng/L 

• To respond, EGLE initiated the IPP PFAS 
Initiative in 2018 to reduce PFOA and PFOS 
entering WWTPs from industrial sources

o Required all WWTPs with IPPs to 
evaluate if PFOA and/or PFOS may be 
passing through their treatment systems



EGLE PFAS Initiative
• In the fall of 2018, EGLE launched a 

second statewide PFAS initiative

o Assessed of 42 municipal 
WWTPs

o Sampled influent, effluent and 
residuals

• PFOS was detected in 43 out of 45 
final treated solids samples

• 6 WWTPS had solids above 150 ppb

• Short-chain PFAS were more 
frequently detected in the aqueous 
samples 

• Long-chain PFAS were more frequently 
detected in solid samples

(Bogdan, 2021)



Michigan Biosolids Interim Strategy
• Implemented in 2021, with 

modifications in 2022 and 
2024

• Regulate PFOS and PFOA 
in biosolids used for land 
application
o Monitor 28 chemicals

• Class A & B biosolids must 
sample annually

• Class A EQ samples 
quarterly
o Combined PFOA + PFOS 

less than 20 ppb

PFOA and 
PFOS < 20 ppb

May be land applied 
with no additional 

requirements

PFOS or PFOA 
≥ 20 ppb

Reduced land 
application rate of 1.5 

dry tons per acre 
(dt/acre)

Must implement a 
source reduction plan

PFOA or 
PFOS ≥ 100 

ppb

Considered industrially 
impacted and cannot 

be land applied

Must find alternative 
treatment or disposal 

option

Must implement 
source reduction plan



Current Biosolids Concentrations

(EGLE, unpublished)



Field with Prior Historical, Industrially Impacted Biosolid Applications

11 biosolids applications 
between 2000-2014

Biosolids from facility tested 
at 2,100 ppb in 2017

Soils have concentrations of 
73.0 ppb PFOS and 78.9 ppb 
total PFAS

Surface water and 
groundwater also have 
detections of PFAS(EGLE, unpublished) and (Bogdan, 2021)



MSU Soil Results in Biosolid Land Application Fields

Field Type Sample Size
# of Non-

Detect 
Fields (ND)

Range of 
PFOA (ppb)

Range of 
PFOS (ppb)

Range of 
Total PFAS 

(ppb)

Max # of 
PFAS 

Compounds 
Detected

Baseline 
Study Field

17 4 ND-0.2 ND-0.51 ND-1.16 5

Biosolids 
Land 

Application 
Field 

3 0 ND-0.16 0.25-0.58 0.58-0.89 5

Data is preliminary and unpublished, Cullens-Nobis and King



EPA DRAFT Sewage Sludge Risk Assessment for PFAS
January 2025

• Focuses on risk to those living on or 
near IMPACTED sites or those that rely 
primarily on their products

• A lot of assumptions were used in the model:
o Toxicity values

o Health impacts

o Plant uptake/bioaccumulation factors

o Livestock/bioaccumulation uptake factors
o Fish/bioaccumulation uptake factors

o Consumption rates

o Cooking and food prep loss

o Soil ingestion rates

o Climate conditions

o Soil characteristics 

o Aquifer characteristics

o Farming practices



Model exceeded the EPA's 
acceptable human health risk 
thresholds for some 
scenarios when the 
sludge has 1ppb PFOA or PFOS



EPA DRAFT Risk Assessment

• Focused on a narrow population that 
consumes the majority of their diet 
from a single impacted farm 
oNot the general public

oNot consuming foods from a variety of 
sources

• Did not consider occasionally 
consuming impacted products or 
drinking water 

• Draft!

• Over 20,000 comments received

• Not regulation

• Could result in limits or BMP's
- Implications?

https://www.epa.gov/system/files/documents/2025-01/draft-sewage-sludge-risk-assessment-pfoa-pfos.pdf
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What is Septage? • Domestic Septage-

• Liquid or solid material removed from 
a septic tank cesspool, portable toilet, 
type III marine sanitation device, or a 
similar system that receives only 
domestic septage (household, non-
commercial, nonindustrial sewage).

• Generally, federal permits are 

not required for land application of 

domestic septage onto non-public 

contact sites (agricultural 

land, forests and reclamation sites)

• State regulations for land application 

of septage must be followed



Land Application of Septage in Michigan

• Details in MCL-451-1994-11-3 Part 
117

• Disposal of domestic septage at 
authorized wastewater treatment 
plants (septage waste receiving 
facilities) IF the septage waste is 
pumped from a location within the 
established service area of a given 
facility

• If a septage waste receiving facility 
is not available, then domestic 
septage can be applied at approved 
permitted sites
oApplication rates

oSlope

oGroundwater depth

o Isolation distances



PFAS

PFASPF
A
S

PFAS

How do PFAS get into domestic septage?



PFAS Contributors to Non-Domestic "Septage"



PFAS in Michigan Septage

• No testing requirements for PFAS

• They do require permits to ensure 
public safety, ground and surface water 
protection

• Small number of samples voluntarily 
tested/ sent to EGLE

• Mostly domestic septage
o Some haulers also haul industrial waste or 

non-domestic septage

▪ Potential for this waste to contain 
more PFAS

▪ Data labeled accordingly



PFAS in Michigan Septage (n=5), 2021-2023
 

State Sample # Number of PFAS 
Compounds Tested

PFOS+PFOA 
(ppt)

Total PFAS 
(ppt)

Notes

Michigan 1 31 23.0 105.9 Domestic septage

2 28 32.0 878.1 This hauler also hauls industrial waste. 
The sample should primarily contain 
domestic waste but may include some 
industrial waste.

3 28 105.8 690.3 This sample should be primarily 
domestic waste but could possibly 
contain some industrial waste.

4 28 25.0 25.0 Domestic septage

5 28 33.5 214.1 Domestic septage

Data is limited, so this may not reflect average concentrations of PFAS in Michigan septage. More samples are 
needed to fully understand the scope of PFAS contamination in septage. Note data is reported in ppt



Soil PFAS at Septage Land Application Site- Michigan (n=1)

• Field with no septage application
oTotal PFAS = 0.13 ppb (100% PFOS)

• Field with septage applications in 2025
o Total PFAS = 0.10 ppb (100% PFOS)

• Field with septage applications in 2024 & 
2025
o Total PFAS = 0.10 ppb (100% PFOS)

The PFAS concentrations in these fields are not 
different than agricultural fields that we 
sampled with low risk factors!



Impacts to Groundwater







Floor Stripping



Routine Floor 
Cleaning



Is the solution to haul all septage to WWTPs?

• Not enough capacity at WWTPs

• Distance

• Costs will go up
oLess frequent pump outs

▪ More system failures?
▪ Some pumpers go out of business?

oMore illegal dumping?

• Fate is still the same –Biosolids are land 
applied or landfilled (another capacity 
issue)
o Some WWTPs are removing PFAS



Reducing PFAS in wastewater is critical for protecting groundwater and 
soils

• Reduce home use of PFAS containing 
products

• Proper disposal of:

oMedications

oPaint

oMotor Oils

oPesticides

oPaper towels

oFeminine Hygiene Products

o 'Flushable Wipes'



•

$27.24



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 



Resources

• ITRC Biosolids Webinar
o Interstate Technology & Regulatory 

Council (ITRC)

o https://www.clu-in.org/conf/itrc/PFAS-
landapp_022626/

• EGLE's PFAS Biosolids Webpage
o https://www.michigan.gov/egle/about/

Organization/Water-
Resources/biosolids/pfas-related 

https://www.clu-in.org/conf/itrc/PFAS-landapp_022626/
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Contact Information for Regulatory Questions

Biosolids

Christian Smith

Statewide PFAS in Biosolids 
Coordinator

SmithC186@Michigan.gov

517-256-6953

Septage 

Greg Merricle

Septage Program Coordinator

MerricleG@Michigan.gov

517-256-6953

mailto:SmithC186@Michigan.gov
mailto:MerricleG@Michigan.gov




Evaluation Survey – Please!!

•https://bit.ly/4sFvDiY

https://bit.ly/4sFvDiY
https://bit.ly/4sFvDiY


Faith Cullens-Nobis

Michigan State University 
Extension

cullensf@msu.edu

Katie King

MSU Center for PFAS Research

KingKa22@msu.edu

https://www.canr.msu.edu/pfas/

mailto:cullensf@msu.edu
mailto:KingKa22@msu.edu


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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