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What are Per- and polyfluoroalkyl substances
(PFAS)?

e >20,000 PFAS compounds
 “Persistent Chemicals” known for resisting heat, oil, stains, and water
e Strong C-F bond; this bond is not naturally found in nature

* Short vs. Long Chain PFAS They're everywhere!
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What do they
look like?
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- Pathway of PFAS of concern?  CFAES

What most people think:

Q 7,

o

3. Biosolids (Fertilizer)

2. Wastewater Treatment
Plants

1. Household and
Industrial Wastewater




— But..........againN:

What most people should be thinking
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- \Why are PFAS of concern? (CFAES
s

LiEg
't!;1,1" PRECIPITATION

Y% FEED & SUPPLEMENTS
<% BEDDING

g'_“r WIND TRANSPORT
UPSTREAM

SURFACE WATER
IMPACTS

ﬁ’MILK, EGG, CROPS ORGANIC SOIL AMENDMENTS

& MUSCLE TISSUE @ : SYNTHETIC FERTILIZER
Y WILDLIFE PESTICIDES
. = oo
SOURCE I ONSITE CIRCULATION
N 10 OFFSITE & ONSITE
—>— WATER PATHWAY
=+ MATERIAL PATHWAY
v POTENTIAL FOR OFFSITE
DISTRIBUTION OR MOVEMENT
FROM CURRENT SITE
WELL WATER »




- \Why are PFAS of concern? (CFAES

Even more complicated:
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High certainty
------------ Low certainty
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- \\W'hy are PFAS of concern?

Deveplomental effects

affecting the unbom child
Delayed mammary gland development,

Reduced response to vaccines

Low birth weight

Obesity - ..

Early puberty onset -« ...

Inscreased miscarriage risk. -~
(Le pregnancy loss)

Low sperm count and mobility -

Increased time to pregnancy

Pregnancy induced
hypertension/ pre-eclampsia
(increased blocd pressure)

CleanMat, Volume: 1, Issue: 1, Pages: 52-77, First published: 25 December 2024, DOI: (10.1002/clem.16)
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- \\W'hy are PFAS of concern?

Plant pathogens Soil health

Once present in soils, it has been either shown or thought that:

* Microbial communities can be altered.
* Actinobacteria communities decrease, shifting microbial
population towards PFAS tolerant species
* These species decompose tough organic materials like lignin,
they help cycle nutrients, and produce antibiotics that help
plants fight pathogens and other stressors

Plant growth promotion

* Long-chain PFAS (like PFOS) can suppress microbial enzymes that
are vital for C and N cycling.
* E.g., sucrase, urease

Antibiotic-resistant bacteria

* PFAS may suppress aggregate formation.

Geophagia, dust, exposure Animal social behaviour

Banerjee and van der Heijden; Nature Reviews
10 Microbiology (2023)



—Why are PFAS of concern?
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~Why are PFAS of concern?

Soils:

Global:

Total PFAS
Min. PFOA
Max. PFOA
Median PFOA
Min. PFOS
Max. PFOS
Median PFOS

u.s.:

Total PFAS
Min. PFOA
Max. PFOA
Min. PFOS
Max. PFOS

Background Sites

<0.001-237
0.01
123.6
2.7
0.003
162
2.7

<0.2-135
0.5
S8
3.1
126

Primary-Source Secondary-Source
Contaminated Sites Contaminated Sites

ND'

2
50,000
83
0.4
460,000
8,722

ND
58
50,000
9,700
373,000

ND
0.8
2,531
38
0.4
5,500
680.5

ND
23.6
2,531
483
1,409



— Why are PFAS of concern?
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Crop Uptake:

Often observed:

Grain < Stem < Leaves

Take home message:

PFOS |

| | |prreA B PFPen . PPHxA [ Prrpa B PFOA [ | PENA L PRDA B PRUAA [ PPODoA [ PPES I PFH S

Bioaccumulation is often

Liu et al., 2019 (Environ. Intern.)

greatest in leaf-raised crops
(e.g., leafy vegetables, hay)



- Regulation Examples

Based on US EPA National Primary Drinking Water Regulations (revised 2025)

Ohio's PFAS 2024 Action Levels

PFAS Chemicals*

Action Levels

combined with PFOS

combined with PFOA

Parts per trillion (ppt) PFOA PFOS5 Ge S
New 2024 Action 4.0 4.0 10 ,000**
Levels
Previous 2020 Ohio =70 single or =70 single or =700 | =140,000 | =140 =21

**Health Based Water Reference Concentration (U.S. EPA 2023)

*PFOA (Perfluorooctanoic Acid), PFOS (perfluorooctane Sulfonate), GenX (HFPO dimer acid), PFBS

(perfluorobutanesulfonic acid), PFHxS (perfluorohexane sulfonic acid), and PFNA (perfluorononanoic acid).

Michigan Biosolids for PFOA or PFOS:

<20 ppb: landowner notification
required; sampling within 30 days

20-100 ppb: Reduced application rate
(max 1.5 dry tons/ac); implementation
of a source reduction plan

>100 ppb: Land application
prohibited



- How to manage on-farm PFAS?

Some initial thoughts:
* Understand what type of PFAS are present.
* Short vs Long Chain
* Crop changes?
* Land retirement?
* |dentify other actions, such as conservation practices, that could help
avoid further PFAS accumulation




- How to manage on-farm PFAS?

Considerations

PHASE 1

Collection & Analysis

|-:|enI|'F:.-'

Problems

Analyze Determine
Resource Objectives
Data

Inventory
Resources

PHASE 2
Decision Support

Evaluala
Alternatives

Make
Decisions

Formulote
Allernalives

PHASE 3

Application & Evaluation

Implement
PFlan

Are PFAS a significant concern at this site’?

What is the source of imgation water used on
the farm?

Has organic material from an off-sile source
been applied to the land?

Is there a source of PFAS proximate to the
farm?

What is known aboul the effects of PFAS on
the condition of the sail, water, air, planis,
and animal resource basesy For example,
are the PFAS present long chain and hikely to
siay m 501l or short chain and kkely o be
taken up by plants?

Do the proposed conservation practices have
the potential to:

mitigate PFAS problem?

limit transport of PFAS off-sile?
infroduce PFASY

exacerbate PFAS problem?
transport PFAS off-sita?

When implementing the practice, take
care not o

* introduce PFAS
*  exacerbale a PFFAS problem
transpart FFAS off-site.

When evaluating, employ adaptive
managemeant for new nformation (new
practices or adjustments 1o exisling
praclices)




- How to manage on-farm PFAS? (CFAES

EX:

PFAS could be addressed in a conservation plan through existing resource concerns and conservation practice
standards (~170ish), such as those pertaining to the transport of pathogens and chemicals to water, or through the
creation of a standalone resource concern, much as nutrient transport to surface water and groundwater are
standalone resource concerns.

There are pros and cons to either approach which would have to be considered by the USDA-NRCS.

Purpose of practices | Could have these positive Could have these negative Example practices
. and enhancements impacts related to PFAS impacts related to PFAS with NRCS5S code
Smppet Increase soil carbon | Eeduce plant uptake by Introduce PFAS onto the farm Soil Carbon
immobilizing PFAS in soil*® by importing contaminated Amendment (Code
materials 338)
Nutsient
Management (Code
5900
Improve nutrient Feduce surface loss of PEAS 1f | Introduce PFAS onto the farm Nutrient
management a nutrient source with unknown | by importing contaminated Management {Code
contamination 13 applied via materials 380}
subsurface injection




- How to manage on-farm PFAS? (CFAES

Gather basic information as to whether a farm might have an issue: Web Soil Survey
* Might help further identify the presence/absence, or transport of PFAS to ground or surface waters, all based
on soil properties

Legend

B High attenuation
I Moderately high attenuation A
7 Moderate
0 280 560 1120 1,680 2240
- Moderately low Kilometers
= B Low attenuation

Not rated



- How to manage on-farm PFAS?

How to find this information in the web Soil

1. Go to the Web Soil Survey:
https://websoilsurvey.nrcs.usda.gov/app/

Enter Keyword

'AIINRCS Sites v

Browse by Subject

- Soils Home

- National
ICooperative Soil
[Survey (NCSS)

- Archived Soil
Surveys

- Status Maps

- Official Soil Series
Descriptions (0SD)

- Series Extent
Explorer

- Geospatial Data
|Gateway

- eFOTG

- National Soil
ICharacterization
Data

- Soil Health

- Soil Geography

About Soils | Hélp i ContactUs

You are here: Web Soil Survey Home

The simple yet powerful way
to access and use soil data.

Welcome to Web Soil Survey (WSS)

| AW \Web Soil Survey (WSS) provides
soil data and information

| produced by the National
Cooperative Soil Survey. It is
operated by the USDA Natural
Resources Conservation Service
(NRCS) and prowdes access to the largest natural
resource information system in the world. NRCS
has soil maps and data available online for more
than 95 percent of the nation’s counties and
anticipates having 100 percent in the near future.
The site is updated and maintained online as the
single authoritative source of soil survey
information.

Soil surveys can be used for general farm, local,
and wider area planning. Onsite investigation is
needed in some cases, such as soil quality
assessments and certain conservation and
engineering applications. For more detailed
information, contact your local USDA Service
Center at the following link: USDA Service
Center or your NRCS State Soil Scientist at the

i following link: NRCS State Soil Scientist.

Four Basic Steps

Define.

1 want To...

o Start Web Soil
Survey (WSS)
- Know Web Soil

Survey
Requirements

o Know Web Soil
Survey operation
hours

o Find what areas of
the U.S. have soil
data

o Find information
by topic

o Know how to
hyperlink from
other documents
to Web Soil Survey

o Know the SSURGO
data structure

o Use Web Soil
Survey on a mobile
device

E Announcements/Events

o Web Soil Survey
3.4.0 has been
released! View
Web Soil Survey
release history

ign up for e-mail
nndatec via


https://websoilsurvey.nrcs.usda.gov/app/

How to manage on-farm PFAS?

2. Zoom in and select your area of interest (AQI), then
3. Click on the “Soils Data Explorer” tab on the top

[ Soil M ) [ soil Data Explorer  }.[ Pownload Soils Data | [  Shopping Cart (Free) |

e © B [ Rt et e e
IG_& %ﬂﬂl&lﬂ_lﬂﬁ ﬂﬁlﬁl View Extent [Contiguous U S

Area of Interest

AOT Properties (~)
Clear Ao @
AOI Information @ @

Name | ‘

Map Unit Symbols @ Use Soil Survey Area Map Unit

Symbols
() Use National Map Unit Symbols
Area (acres) 190.0
Soil Data Available from Web Soil Survey ® @
Franklin County, Ohio (OH049)
Data Availability Tabular and Spatial, complete
Tabular Data Version 24, Aug 27, 2025

Spatial Data  Version 8, Aug 27, 2025

Clear AOI

Import AOT

Export AOL

Quick Navigation

Franklin

Address

State and County

Soil Survey Area

Latitude and Longitude or Current Location

PLSS (Section, Township, Range)

Bureau of Land Management

Department of Defense

Forest Service

Mational Park Service

QIS SIRIRIEI RIS © KR

Hydrologic Unit




How to manage on-farm PFAS?

4. Next, choose the “Suitabilities and Limitations for Use” tab, and then choose
5. The “Land Classifications” line

f Area of Interest (AOI) W r Soil Map W r Download Seils Data 1 f Shopping Cart (Free) j

View Soil Information By Use: AlLLL

Printable Version| Add to

Intro to Soils ‘

Search

Ecological Sites Soil Reports

] 5| cler| searen| @

Basic Search

Enter keywords

Advanced Search

®@

] 5] cear] seara

Suitabilities and Limitations Ratings (4]

Open all| close all| @

Building Site Development @D®

Construction Materials @@
DismsterRecovery Planning —20)

Land Classifications

@@

[T T

-

Military Operations @@
Recreational Development @®
Sanitary Facilities R
Soil Health @@

Vegetative Productivity

@@

Waste Management

EIE]

Water Management

@@




How to manage on-farm PFAS?

9. This box should pop open:

| choose Attenuation in Soils

Land Classifications

v

Conservation Tree and Shrub Group

Conservation Tree and Shrub Group OLD

Ecological Classification ID

Ecological Classification Name

Farmland Classification

Hydric Rating by Map Unit

Irrigated Capability Class

Irrigated Capability Subclass

Mational Commaodity Crop Productivity Index

MNCCPI Corn Productivity

MCCPI Small Grains Productivity

NCCPI Soybeans Productivity

MNH Forest Soil Group

Monirrigated Capability Class

Monirrigated Capability Subclass

MRCS Ecclogical Site ID

MRCS Ecological Site Name

Order of Soil Survey

Pa iability Group 2 (OH)

PFAS Attenuation in Soils \

\ PFAS Movement Classes /
S

Soil Motsture-Class—

Soil Moisture Subclass

Soil Taxonomy Classification

Soil Taxonomy Great Group

RIRIRRRIRIRRIRIRIRIRIREIRRIRIRIRIRIRIRIIR IR




How to manage on-farm PFAS?
— (CFAES _
6. This box opens up below the “PFAS
attenuation in soils” line that you just clicked
on:
/. Choosing “view description” will provide you a
lengthy text box focused on how attenuation

PFAS Attenuation in Soils

was determined. View Options — |

8. Choosing “view rating” and making sure the @®
map “box” is checked will give you a map. Map
Table

—| Component Breakdown and
—  Rating Reasons

] NMumeric Values

Description of W3
Rating G

Rating Options
| choose “view rating”. [[] Detailed Description

Advanced Options @ @



- How to manage on-farm PFAS?

10. A color-coded map appears that mimics a traffic light.

Missing from the Web Soll
Survey is any actual data
associated with any of these
soll series.

This could be a next step for
the NRCS to tackle via

partnerships with OSU,
others.




= CoNnclusions? More questions than answers CFAES

Sub-classes of PFASs Examples of Number of peer-reviewed
Individual compounds articles since 2002
PFBA(\E:M) 933
. PFPeA (n=g| b
PFAS are complicated i it
L. . u;;mn,izi 4066
* They can be positively or negatively charged Bttty ‘ i
* They can be hydrophilic or hydrophobic oA i
k i P 4) 587
* They can act like micelles - i o
. B ' ) 3507
* There are likely >20,000 PFAS sk ) i .
(PFAAS) PFPAS PFHXPA (n=6) 3
PFOPA (n=8) 31
. . . . . (CiFans=POH,) PFDPA (n=10) 3
Once in soils, there is no easy solution for removing . e i
. . y CS/C&PFP1A(n,m=8)
* Not natural, so microorganisms haven't a developed a means for (CoFans~ROH~Cofmed ey m— ‘§
. . . PFECAs & PFESA GenX(CSFr—iCF[CFJ—ﬁCOOH) : 2
degradation (impossible?) Wi i e G o y
* Some move, some don't — what do you focus on (better be both) A 5
- . . . o 7
* Can we utilize conservation practices, crop alterations, etc. to i st ¢
. . . CFon=R o 16
minimize risk? (alzpd=0i~R i
. . . . . vy OH} 8
* Can we sequester PFAS in place, reducing their bioavailability? i -
fluorotelomer-based ﬂ;
substances soeliadbiss oy ‘2;
(CnFm+1-C2H4-R) 6:2 dIPAP ((C,FiC,H,0);~PO,H] 3
et *
polytetrafluoroethylene (PTFE)
fluoropolymers eriied e pprn e
others perflucroalkoxy! polymer (PFA)

perfluoropolyethers (PFPEs)
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Free download, but you do need to provide an email account:

https://www.nationalacademies.org/projects/DELS-BANR-24-03/publication/29272
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