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Study participants!

Â 68 participants across 30 states (24 from FL)

Â Originally a Florida study, we expanded 

sample collection to anywhere in the US
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Meeting overview

Â Project motivation and objectives

Â PFAS and total fluorine

Â Microplastics and trace metals

Â Open discussion

6

*This presentation is being recorded and will be posted on the project website 

*Final report is under review (please send any comments this week) 

*Data to participants
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Organics in landfills:

Â Take up space

Â Produce leachate and 
methane

Organics in compost:

Â Treated for pathogens and 

weeds

Â Help retain carbon in soil

Â A valuable soil amendment/ 

fertilizer

Expansion of composting :

Â US 2030 Food Loss and 
Waste Reduction Goal

Â Florida 75% Recycling Goal

Â Bans on yard waste in LFs

Â Residential curbside 
programs

https://www.beatenpathcompost.com/

composting -services

Food: 24.14% 

~ 35,280,000 

tons!

7
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Persistent pollutants pose a dilemma for organics recycling

Beneficial reuse of wastes

vs

PFAS, microplastics, and 

heavy metals:

Å ubiquitous 

Å persistent and mobile

Å bioaccumulative

Å a potential health risk

8

Atmospheric transport
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Persistent Pollutants in Florida Recycled Organics and 

Fertilizers (2024-2026)

Review existing literature, survey organics 

recycling facilities, and collect samples
Task 1

Task 2
Analyze physiochemical parameters, targeted 

PFAS, microplastics, and trace metals

Task 3

Utilize total fluorine and non-targeted methods to 

investigate the underestimation of total PFAS 

presence

9
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Â Class of >14,000 anthropogenic  compounds 

withÓ1 CF2 or CF3 (OECD, 2021)

Per- and polyfluoroalkyl substances (PFAS)

Â Chemically and thermally stable ;  impart 

water, grease, and fire resistance

ÂUbiquitous in consumer and 

industrial applications, through intentional 

and non -intentional application

ÂPersistent: waste management systems need 

to be optimized to mitigate environmental 

release

10
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PFCAs: Perfluoroalkyl carboxylic acids

PFSAs: Perfluoroalkane sulfonic acids

Short-chain Long-chain

Ò 7 carbonsÓ 8 carbons

Ò 5 carbonsÓ 6 carbons

Diverse chemistry = diverse behavior

https://pfas-1.itrcweb.org/2-2-chemistry-terminology-and-acronyms/#:~:text=There%20is%20no%20universally%20accepted,the%20available%20carbon%20bonding%20sites.

>14,000 PFAS

Perfluoroalkyl 

acids  (PFAAs)

11

Â Chain length (hydrophobic ñtailò)

Â Per- vs polyfluoroalkyl

Â Functional group (hydrophilic ñheadò)

Â ñIonicò vs. ñneutralò PFAS

Ex. PFOA (C8):

Ex. PFOS (C8):
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The PFAS Cycle:

*PFAS presence is 

not unique to 

recycled organics

12
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5:3 FTCA

6:2 diPAP

PFHxA

6:2 FTOH

P
re

c
u
rs

o
rs

Potentially 

regulated 

terminal PFAS 

PFAS transformation and lack of analytical standards for reliable mass 

spectrometric analysis

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

acronyms/#:~:text=There%20is%20no%20universally%20accepted,the%20available%20carbon%20bonding%20sites.

Total fluorine 

(TF)

~40-150 PFAS 

standards available for 

targeted analysis

(Including many 

precursor PFAS)

>14,000 PFAS

Perfluoroalkyl 

acids  å 

Terminal PFAS

13
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PFAS timeline

1938

Teflon 

accidentally 

created

2002, 2015

PFOS and PFOA 

phase-out (USA) > 

alternative PFAS

2021 2024-2025

NPDWRs (70 > 4 ppt!), 

CERCLA, SSLs

1950s and onwards

Ubiquitous use of PFAS 

in consumer/industrial 

products
Extensive pollution 

of legacy PFAS

14

1999

First public 

knowledge of PFAS

2005-2012

C8 Science Panel
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Objectives:

ÂWhat is the range of PFAS concentrations present in contemporary US 

composts?

ÂWhich feedstock strategies lead to the highest/lowest PFAS in compost?

ÂWhat is the ñtotal potential PFASò presence in these composts?

15
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Opportunistic crowdsourcing strategy for 

sample collection

Â Email campaign to garner interest (>500 contacted, 68 responded) 

Â Mailed sampling kits + instructions and survey

Â 292 samples of composts and other soil amendments

Â 84 samples of compost feedstocks

Graduate student Alina Timshina collects compost Example compost sampling kit. 

Category N

Biosolids compost 10

Food waste compost 128

Manure compost 41

Yard waste compost 15

Agricultural compost 14

Fish compost24

Other compost17

Other soil amendments 23

Soil mixes 13

Synthetic fertilizer7

Compost feedstocks84

Composite sampling instructions
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Â Drying, size reduction, and homogenization

Â Moisture content (Overnight at 100 C)

Â Organic matter (Loss on ignition @440 C)

Â Soil pH and conductivity (Ohio State method)

Â Negligible correlation between ×65PFAS and 
organic matter, pH, or EC across all composts 

Sample preparation and characterization

Highly textured compost sample before (left) and after 

(right) grinding (2mm passing)

Extensive cleaning process in between grinding each sample

Moisture content (above) and organic 

matter content (right)
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PFAS methods

Methanol extraction 

for solid samples

Solid phase extraction 

for aqueous samples

Analysis for 65 target  PFAS 

using high performance liquid 

chromatography-tandem mass 

spectrometry  (HPLC-MS/MS)

(EPA 1633 +)

Extract cleanup & 

concentration

Envi-carb

2x
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Comparing ×65PFAS across compost categories
Â 30 % of 292 samples had no 

detection or only < LOQ detection

Â Highest median in biosolids 

compost (a)

Â Lowest maximum in manure 

compost (most < LOQ)

Â Wide range in food, yard, and 

agricultural composts, and other 

amendments

Â Highest ×65PFAS of 564 µg kg-1  

in a backyard food waste compost

Â No quantifiable PFAS in synthetic 

fertilizers
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Comparing ×65PFAS across compost categories

Â 136 of 292 samples were 

from FL

Â FL samples do not appear to 

have unique PFAS 

influences
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Comparing PFAS diversity across 

compost categories

Â Of 65 PFAS monitored, 43 quantified from 14 

PFAS subgroups

Â Biosolids compost is the most consistently 

diverse  in PFAS

Â 25ï35 PFAS detected and 14ï28 PFAS 

quantified in each sample

Â Manure compost: up to 9 PFAS

Â PFAAs accounted for >50 % of ×65PFAS in 

92% of 204 samples

Â Most quantified PFAS: PFDoA (45 %), 

PFHxA (39 %), PFDA (38 %), PFOA (37 %), 

and PFOS (28 %)
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Biosolids compost

Â Biosolids = WWTP sludge treated for land-
application

Â Feedstock: 20-25% sludge + yard waste

Â ×65PFAS= 35.3ï171 µg kg-1  >>>

Â 15 to 64 % of ×65PFAS were precursors

22

Sources of PFAS in biosolids

Toilet 

paper

Laundry 

effluent

Personal care 

products & cleaners

Industrial 

wastewater 

& landfill 

leachate

Wastewater 

treatment plant

Sedimentation 

tanks

Sewage 

sludge

Potential precursors
PFAAs
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Manure compost

23

Â Feedstock: horse, cow, chicken, goat, sled dog, fish, 

and mixed zoo herbivore manures + yard waste, animal 

bedding, hay

Â Lowest overall ×65PFAS 0.073ï5.52 µg kg-1

Â Only 8 of 41 manure composts had > LOQ PFAS 

Sources of PFAS in manure compost

Â Hay, other yard waste

Â Animal feed and water > accumulation in blood/edible 

tissue > excretion into manure (Lupton et al. (2014)

Biosolids fertilizer applied to grazing fields

Potential precursors
PFAAs
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Inconsistent sources of PFAS in vegetative 

waste compost (yard, agricultural, and food)

24

Pesticides

Â Active ingredients 90+

Â Inactive ingredients 12+

Â Fluorinated HDPE containers

(Donley et al., 2024; Minnesota 
Department of Agriculture, 2025)

https://cen.acs.org/environment/persistent -pollutants/EPA -

confirms -fluorinated -containers -leach/100/web/2022/09

Fertilizer/soil amendment

Â Biosolids

Â Variable attenuation in soil

Â Variable plant uptake

Simones et al. (2024) 
https://doi.org/10.1021/acs.jafc.4c02078

Proximity to PFAS hotspots

Â Groundwater contamination from AFFF 

use/spills, industrial effluent

AFFF contamination of a whole town: (Bräunig et al., 2017)

Â Deposition from industrial air 

emissions

ñGroundwater springs and seeps in the GMNF 

located 8 km downwind, but >300 meters vertically 

above factories, contain up to 100 ppt PFOA.ò 

(Schroeder et al., 2021) https://doi.org/10.1039/D0EM00427H

https://doi.org/10.1021/acs.jafc.4c02078
https://doi.org/10.1021/acs.jafc.4c02078
https://doi.org/10.1039/D0EM00427H
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Contamination from public collection 

Â Co-disposed plastic and plant fiber 

packaging/serviceware, due lack of public awareness 

and supervision

Â ×40PFAS= 18.53 ± 1.5 µg kg-1 in composted yard waste 

from residential drop-off (Saha et al., 2024)

Â (Timshina et al., 2024): ×40PFAS= 12.6ï84.3 µg kg-1 in 

curing compost stockpiles

Opportunistically-sourced food contact 

materials (FCMs)  tested in this study:
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FCMs are still a likely source of PFAS in food waste compost  

26

*Today, FCMs certified for composting in the US must meet a limit 

of 100 ppm total organic fluorine (TOF)*

Â Biodegradable Products Institute (BPI), Compost 

Manufacturing Alliance (CMA), TÜV AUSTRIA

Â 100 ppm limits intentional application

Our survey results:

Â Compost with no intentional FCMs had lowest ×65PFAS, 

similar to Timshina et al. (2024) 

Â Indiscriminate, cumulative inclusion of FCMs led to highest 

×65PFAS: In sample FW-68, ×65PFAS= 564 µg kg-1 

Â Limitation of inconsistent survey responses

Â Are higher ×65PFAS in food waste compost due to 

unintentional contamination or variable PFAS concentrations 

in compost-certified FCMs? 

Â Lack of current targeted PFAS data for certified  compostable 

FCMs
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What is ñhighò PFAS in compost?

27

Â Risk-based soil screening levels (SSLs) for some 
PFAS 

Â Not regulatory limits, but help identify potential risk 

Â Compost is often diluted upon land application

Â All quantified values of ×PFOS (82/292 samples) 
exceed residential and groundwater SSLs

Â All quantified values of ×PFOA (107/292 samples) 
exceed all 3 SSLs

Â PFOS/PFOA limit of 20 µg kg-1 for biosolids land-
application in some US states (Izuegbunam, 2025): 

Â Two composts exceeded 20 ppb for PFOA

US EPA Soil Screening Levels (SSLs) as of November 2024 

PFAS

Direct exposure (ug/kg)
Protection of 

Groundwater

SSLs (ug/kg)Industrial Residential

PFBS 25000 1900 0.3

PFHxS 1600 130 0.017

PFOS 8.2 0.63 0.0015

PFHxA 41000 3200 0.24

PFOA 0.078 0.019 0.00004

PFNA 250 19 0.025

PFDA 0.16 0.013 0.0000081

PFUDA 25000 1900 4.5

PFDoA 4100 320 17

PFTeDA 82000 6300 940

PFODA 3300000 250000 22000

SSL values corresponding to a target hazard quotient (THQ) of 0.1 were 

chosen, since most compost contains a mixture of targeted PFAS.

Â EPA Draft risk assessment for PFOS/PFOA (Jan. 2025): even 1 ppb of PFOS/PFOA land-applied with 

sewage sludge could result in health risks for humans primarily relying on products from that land

Â PFOS & PFOA exceeded 1 ppb in all biosolids composts
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Best management suggestions and future directions 

28

Â Composting does not destroy PFAS

Â Upstream source-separation of high-PFAS materials and optimization of alternative end uses

Â Need more data for target PFAS in pesticides, fertilizers, FCMs, etc.

Â Need further research to understand the 

relationship between Ò100 ppm of TOF in 

compost-certified FCMs, and what the 

resulting concentrations of target PFAS would 

be from composting those products

Â Limitation of targeted PFAS analysis:

precursors of PFOS and PFOA, if present, are 

reservoirs of potential future PFOS/PFOA 
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14,000+ potential PFAS  >> 7 million >> 24 million!?

Munoz et al., (2021): non-targeted 
exploration finds that current 
targeted methods may be 
underestimating PFAS in compost 
by 40- to 160-fold

Å Other precursor PFAS 

are likely present

Å Precursor PFAS 

present in compost can 

continue to transform 

into terminal PFAS 

after land-application

(Röhler et al., 2021; 

Weidemann et al., 2021)

Non-targeted analysis is 

still limited by proprietary 

knowledge, extraction, 

instrumentation, time-

consuming

29

29

What is the upper boundary for ñtotal potential PFASò in different composts?

65 PFAS targeted in this study

(NIEHS, 2024) (Schymanski et al., 2023) (CAS Science Team, 2025)
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PFBA
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Inorganic F 

F

F

F

F-

F

F

F

F

F

F

F

F

FF

F

F

F
F

F

F

What is the upper boundary for ñtotal potential PFASò in different composts?

Â Total fluorine (TF) measures all F- present in a sample

Â Compare to ñknown Fò to assess the gap between known PFAS and 

unknown potential PFAS

Ex. PFOA (C8):
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