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https://pubs.acs.org/doi/10.1021/es302471n
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https://www.newmoa.org/wp-content/uploads/2024/07/RossPrecursersAugust2024.pdf
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Electrochemical Fluorination (ECF)

Fluorotelomerization (FT)

Oligomerization

• Branched & Linear (~30% / 70%)
• Mostly PFSAs with some PFCAs
• Perfluoroalkylsulfonamides (e.g., PFSaAm & PFSaAmA)

• Mostly linear; even numbered carbon chains
• Many polyfluoroalkyl compounds ( PFAA precursors)

• Perfluoroalkylethers & Perfluoroalkyl ether sulfonates
• Oxygen-linked perfluoroalkyl groups (e.g., HFPO-DA)

https://cswab.org/wp-content/uploads/2018/03/Military-Firefighting-Foam-PFAS-Fate-in-Groundwater-SERDP-2017.pdf
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Targeted Analysis
• USEPA Methods 533, 537.1, 1633A, 8327
• ASTMs D7979, 7968, D8421, D8535
• DWI 47 PFAS
• OTM-45, -50, -55 (under development)

Nontargeted Analysis
• Combustion ion chromatography

• TOF, AOF, EOF
• High-Resolution Mass Spectrometry
• Total Oxidizable Precursor Assay
• 19Fluorine Nuclear Magnetic Resonance
• Chemical Ionization Mass Spectrometry
• Fourier Transform Infrared Spectroscopy
• Thermal desorption-pyrolysis-direct 

analysis in real time – mass spectrometry

Merrill et al., 2021
Merrill et al., 2024
Mattila et al., 2024

Riedel et al., 2019

Gaseous 
Emissions

West et al., 2023

Managing PFASs Analysis
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https://www.epa.gov/sites/default/files/2021-01/documents/otm_45_semivolatile_pfas_1-13-21.pdf
https://www.epa.gov/system/files/documents/2024-01/otm-50-release-1_0.pdf
https://pubs.acs.org/doi/10.1021/acs.est.3c09255
https://pubs.acs.org/doi/full/10.1021/acs.estlett.9b00196
https://pubs.acs.org/doi/10.1021/acs.estlett.3c00064?ref=PDF


Managing PFASs Analysis – Total Oxidizable Precursor Assay
Chemically transforming polyfluorinated “precursor” compounds into detectable PFAAs
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Arrows in a fire metaphor: Wooden shafts burn leaving behind stone arrow heads 
like undetectable polyfluorinated compounds are oxidized in detectable PFAAs

Property of CDM Smith; All Rights Reserved
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Lin et al., 2024 Riedel et al., 2019 Smallwood et al., 2023 Titaley et al., 2023

• Neutral polyfluoroalkyl substances quantified in LFG.
• Polyfluoroalkyl substances transform into detectable PFAAs in 

the environment.

Transform 
into PFCAs

NM Recycling and Solid Waste Conference – Oct 1, 2025

Volatile Polyfluoroalkyl Substances as Associated with 
Landfill Gas (LFG); Future Perfluoroalkyl Carboxylic Acids

https://pubs.acs.org/doi/10.1021/acs.estlett.4c00364?ref=PDF
https://pubs.acs.org/doi/10.1021/acs.estlett.9b00196
https://www.sciencedirect.com/science/article/pii/S030438942300208X?via%3Dihub
https://pubs.acs.org/doi/10.1021/acs.estlett.3c00037
https://pubs.acs.org/doi/10.1021/acs.estlett.3c00037
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Noteworthy Commercial & Industrial Uses of PFASs

Fire Suppression Electronics

Aviation & 
Aerospace

Paper & PackagingTextilesElectroplating

Household 
Products

Manufacturing

CoatingsCosmetics

NM Recycling and Solid Waste Conference – Oct 1, 2025Gluge et al., 2020 Kissa 2001Buck et al., 2011Gaines 2022

https://pubmed.ncbi.nlm.nih.gov/33125022/
https://www.semanticscholar.org/paper/Fluorinated-Surfactants-and-Repellents%3A-Second-and-Baran/564375dc0b2a3875a670c7ee7ed8de126182db7d
https://pubmed.ncbi.nlm.nih.gov/21793199/
https://pubmed.ncbi.nlm.nih.gov/35614869/
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PFASs in Landfills: States

NM Recycling and Solid Waste Conference – Oct 1, 2025ECOS 2025

US landfill leachates: PFASs in 95%; >60 
PFASs;  max 100,000s ng/L 

(Guelfo et al., 2024)

https://www.ecos.org/documents/ecos-compendium-of-state-pfas-actions/
https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/display.abstractDetail/abstract_id/10994/report/F
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MN Pollution Control 
Agency, accessed 2025
100 closed landfills, 16 

locations were 10X 
above state drinking 

water standards

VTDEC 2019
Elevated levels of 
several different 

PFASs in all landfill 
leachate tested

GEOTRACKER 
Accessed 2025

84 sampled 
leachates 

contained PFASs 
(some as high as 

10,000 ppt)

EGLE Accessed 2025
PFASs detected at 93 

landfills

NYSDEC 2022
PFAS found in >70% of landfills > standards

PFASs in Landfills: States

NHDES 2022

161 unlined landfills

https://www.pca.state.mn.us/air-water-land-climate/pfas-and-closed-landfills
https://www.pca.state.mn.us/air-water-land-climate/pfas-and-closed-landfills
https://dec.vermont.gov/sites/dec/files/wmp/SolidWaste/Documents/02.03.20_PFAS%20in%20LF%20and%20WWTF%20Final%20Report.pdf
https://geotracker.waterboards.ca.gov/map/pfas_map
https://geotracker.waterboards.ca.gov/map/pfas_map
https://gis-egle.hub.arcgis.com/datasets/egle::michigan-pfas-sites-and-areas-of-interest/explore?filters=eyJUeXBlIjpbIkxhbmRmaWxsIl19&location=43.958967%2C-85.944039%2C6.58
https://extapps.dec.ny.gov/docs/materials_minerals_pdf/inactivelandfillreportfinal202207.pdf
https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/20221014-pfas-in-leachate.pdf
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Influential Federal PFASs Regulations

PFOS & PFOA as CERCLA 
hazardous substances

NPDWR for 2 PFASs 
(MCLs: PFOA & PFOS)

Updated interim Destruction 
and Disposal Guidance

TSCA & TRI (final, proposed) PFASs 
reporting improvements

Final Recommended Aquatic Life 
Criteria & Benchmarks

NM Recycling and Solid Waste Conference – Oct 1, 2025

Related/ Proposed/ Pending/ On-
hold: Effluent Limitation Guidelines; 
biosolids risk assessment; updated 

PFHxS/PFDA toxicity data; draft 
human health water quality criteria;

HFPO-DA, PFBA, PFHxA, PFOA, PFNA, 
PFDA, PFBS, PFHxS, PFOS as RCRA 

hazardous constituents 

https://www.govinfo.gov/content/pkg/FR-2024-05-08/pdf/2024-08547.pdf
https://www.epa.gov/sdwa/and-polyfluoroalkyl-substances-pfas#Webinars
https://www.epa.gov/system/files/documents/2024-04/2024-interim-guidance-on-pfas-destruction-and-disposal.pdf
https://www.epa.gov/system/files/documents/2024-04/2024-interim-guidance-on-pfas-destruction-and-disposal.pdf
https://www.federalregister.gov/documents/2024/09/05/2024-19931/perfluoroalkyl-and-polyfluoroalkyl-substances-pfas-data-reporting-and-recordkeeping-under-the-toxic#:~:text=All%20information%20reported%20to%20EPA,%2C%20through%20July%2011%2C%202026.
https://www.epa.gov/newsreleases/epa-requires-toxics-release-inventory-reporting-seven-additional-pfas
https://www.federalregister.gov/documents/2024/10/08/2024-22966/addition-of-certain-per--and-polyfluoroalkyl-substances-pfas-to-the-toxics-release-inventory-tri
https://www.federalregister.gov/documents/2024/10/07/2024-23024/final-recommended-aquatic-life-criteria-and-benchmarks-for-select-pfas
https://www.federalregister.gov/documents/2024/10/07/2024-23024/final-recommended-aquatic-life-criteria-and-benchmarks-for-select-pfas
https://www.epa.gov/eg/landfills-effluent-guidelines#new-rulemaking
https://www.federalregister.gov/documents/2025/01/15/2025-00734/draft-sewage-sludge-risk-assessment-for-perfluorooctanoic-acid-pfoa-and-perfluorooctane-sulfonic
https://www.federalregister.gov/documents/2025/01/15/2025-00710/draft-national-recommended-ambient-water-quality-criteria-for-the-protection-of-human-health-for
https://www.federalregister.gov/documents/2025/01/15/2025-00710/draft-national-recommended-ambient-water-quality-criteria-for-the-protection-of-human-health-for
https://www.govinfo.gov/content/pkg/FR-2024-02-08/pdf/2024-02324.pdf
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Influential New Mexico PFASs Regulations

NM Recycling and Solid Waste Conference – Oct 1, 2025

House Bill 212 (phases out 
products with intentionally 

added PFASs 2032)

House Bill 140 (PFAS-
containing AFFF = 
hazardous waste)

2022 Preliminary Screening 
Levels for Drinking Water 

(PFOA, PFNA, PFBS, PFHxS, 
PFOS/K-PFOS) superseded by 

adoption of MCLs

PFAS in New Mexico 
webpage & Emerging 

Contaminants Program

Governor Grisham’s 
2021 letter to EPA 

Administrator

https://www.nmlegis.gov/Legislation/Legislation?Chamber=H&LegType=B&LegNo=212&year=25
https://www.nmlegis.gov/Legislation/Legislation?Chamber=H&LegType=B&LegNo=140&year=25
https://www.env.nm.gov/pfas/
https://www.epa.gov/system/files/documents/2021-10/508compliant_ezd5442262_2021-06-23-governor-letter-to-epa-for-pfas-petition.pdf-incoming-document.pdf
https://www.epa.gov/system/files/documents/2021-10/508compliant_ezd5442262_2021-06-23-governor-letter-to-epa-for-pfas-petition.pdf-incoming-document.pdf
https://www.epa.gov/system/files/documents/2021-10/508compliant_ezd5442262_2021-06-23-governor-letter-to-epa-for-pfas-petition.pdf-incoming-document.pdf
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Managing PFASs in Landfill Leachate

Use 
Classification 
(aquatic life, 

human health)

Water Quality 
Standards

NPDES 
Permit 
Limits

NM Recycling and Solid Waste Conference – Oct 1, 2025

Operational 
Practices

Dust Suppression
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AFFF Signature

NM Recycling and Solid Waste Conference – Oct 1, 2025



▬ PFAS Cycle

▬ Public Outreach

▬ Sampling (PFASs in co-compost)

▬ Pilot Testing (Options for WWTF 
residuals)

‐ Cease public distribution

‐ Bench-scale testing

17

Case Study Example: Nantucket, MA

What is co-compost?
Leaf/yard waste & WWTF residuals

NM Recycling and Solid Waste Conference – Oct 1, 2025
Spargimino et al., 2025



Treating Landfill Leachate to Remove PFASs

Heat

Electricity

Radiation

Chemicals

State of the Practice: Serial treatment to concentrate PFAS and reduce the 

volume requiring energy intensive destruction (Concentration Factor [CF])

Pretreatment

Refinement

Sorption/

Separation

Destruction

Maryam Azad
Chase McLaughlin

Jason Hnatko
Jan VanLinden
Brendan Brodie
Olivier Corrège
Andrea Herch
Simon Gomm

Separate

Concentrate

Destroy
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Sorbent strategies targeting 
µg/L concentrations of PFAS 

can be overwhelmed by mg/L  
organics and inorganics in LL

PFAS CF also increases 
geochemical parameters that 
can challenge some forms of 

destruction technologies

Geochemistry of Landfill Leachate can Influence 
Technology Selection

NM Recycling and Solid Waste Conference – Oct 1, 2025Collins et al., 2024

https://www.sciencedirect.com/science/article/pii/S0304389424028498?via%3Dihub


Non-Sorbent Treatment Options

Foam fractionate
(EPOC, 2023)

Foam Fractionation

Membrane Separation

Flocculation

Cationic Coagulants
(Menkhaus 2020)

Tan et al., 2023

Magnetic 
Flocculation

Municipal-Scale RO 
(Bellona, 2023)

20

Evaporators

30,000 gpd

(Skagen 2025)

NM Recycling and Solid Waste Conference – Oct 1, 2025



Leachate with Additive Leachate with Additive
21

Foam Fractionation with Landfill Leachate in Action 

Leachate without Additive
Stults et al., 2025 NM Recycling and Solid Waste Conference – Oct 1, 2025
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▬ PFAS removal efficiency 
increases with 
perfluorinated chain 
length

▬ Perfluoroalkyl 
sulfonates (PFSAs) 
removed more 
efficiently than 
perfluoroalkyl 
carboxylates (PFCAs)

PFSAsPFCAs

Increasing chain length

Landfill Leachate Foam Fractionation Bench Study

Spargimino et al., 2025

0 min
30 min
60 min
90 min

NM Recycling and Solid Waste Conference – Oct 1, 2025



PFAS-Relevant Destruction: Currently Known Mechanisms

Intense 
Heat

CO2(aq)

#F-

Advanced Oxidizing Processes (AOP)

Advanced Reducing Processes (ARP)

Heat

…Iterative process with 
increasing energy demand

23
(Modified after Horst and McDonough et al., 2020)

NM Recycling and Solid Waste Conference – Oct 1, 2025

PFOA

Fluorine
Carbon Oxygen

Hydrogen

https://ngwa.onlinelibrary.wiley.com/doi/abs/10.1111/gwmr.12372
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Approaching industry consensus: 
>1,000oC for >2 s gas phase residence 
time with proper mixing and excess 
hydrogen for  adequate destruction 

(atmospheric pressure)

Method LimitationsComplete 
Mineralization

Adequate 
Destruction

USEPA 2024 (Section 3a, pg 44)

Main Hazardous Waste Incineration Takeaways

NM Recycling and Solid Waste Conference – Oct 1, 2025

https://www.epa.gov/system/files/documents/2024-04/2024-interim-guidance-on-pfas-destruction-and-disposal.pdf
https://www.epa.gov/system/files/documents/2024-04/2024-interim-guidance-on-pfas-destruction-and-disposal.pdf
https://www.epa.gov/system/files/documents/2024-04/2024-interim-guidance-on-pfas-destruction-and-disposal.pdf


Full Field-ScalePilot-ScaleLaboratory-Scale
Stage of Development
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Ranking based on Applicability and Cost

SCWO/HALT

Sonolysis

Chemical Oxidation
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EBeam

Nonthermal PlasmaDecarbox./Thermal
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Photolysis

Liquid Phase PFASs-Relevant Destruction Technologies

25

Bioremediation

NM Recycling and Solid Waste Conference – Oct 1, 2025
Modified after Ross et al., 2018

https://onlinelibrary.wiley.com/doi/full/10.1002/rem.21553
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Summary of PFASs Associated with Municipal Solid Waste

NM Recycling and Solid Waste Conference – Oct 1, 2025Modified after Chen et al., 2024

Understand Federal & 
State Regulations and 

Public Scrutiny

PFASs expected to be 
found in most landfills 

(MSW & C&D)

Relevant regulations are 
low & evolving

Most PFASs in landfills 
may not be detected with 

target analysis

PFASs from landfills likely 
to be regulated through 

discharge permits

Awareness of PFASs in LL 
and LFG is growing

https://www.sciencedirect.com/science/article/abs/pii/S0956053X2300795X?via%3Dihub


Jeff McDonough, P.E.
Associate
PFAS Remediation Discipline Leader 
CDM Smith, Inc.
Denver, CO 
mcdonoughjt@cdmsmith.com 
m. +1 (267) 615-1863
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Questions and Discussion

mailto:mcdonoughjt@cdmsmith.com


Extra Slides
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PFASs Studies/Reviews in Landfill Leachate

Chen et al., 2024a

Hamid et al., 2020a

Feng et al., 2024

Fuertes et al., 2017

Johnson et al., 2023

Hepburn et al., 2019

Khurana et al., 2025

Lang et al., 2017

Li et al., 2023

Benskin et al., 2012

Chen et al., 2023

Collins et al., 2024

Chen et al., 2024b
Coffin et al., 2023

Lu et al., 2023 Li et al., 2024

Zhang et al., 2023

Prada et al., 2024
Qian et al., 2023

Liu et al., 2020

Rehnstam et al., 2023

Tolaymat et al., 2023

Robey et al., 2024

Rehnstam et al., 2024

Sabba et al., 2024

Burns et al., 2022Busch et al., 2010 Capozzi et al., 2023 Cerlanek et al., 2024a
Cerlanek et al., 2024b

Chen et al., 2025a

Chen et al., 2025b

Chen et al., 2025c

Chen et al., 2025d

Clarke et al., 2015

Eggen et al., 2010

Feng et al., 2021

Gallen et al., 2016

Gallen et al., 2017

Golwala et al., 2022

Goukeh et al., 2025

Hamid et al., 2020b

Harrad et al., 2019

Huang et al., 2022Huset et al., 2011

Karatas et al., 2022

Karatas et al., 2023

Kim et al., 2015 Kirilova et al., 2025

European Union, 2024

Li et al., 2012

Liu et al., 2022

Lott et al., 2023

Maldonado et al., 2021

Malovanyy et al., 2023

Masoner et al., 2021
McCleaf et al., 2021

McKay Allred et al., 2014

Pierpaoli et al., 2025
Ogata et al., 2024

Mustafa et al., 2025
Neill and Megson 2024

Mojiri et al., 2021

Qi et al., 2018

McQueen et al., 2022

Ramadan et al., 2025

Singh et al., 2021

Tian et al., 2021
SWANA 2021 Urtiaga et al., 2022

Uwayezu et al., 2025Sun et al., 2023

Solo-Gabriele et al., 
2020

Robey et al., 2025

Singh et al., 2024

Smith et al., 2022

Vo et al., 2023

Vo et al., 2024

Yan et al., 2015

Wang et al., 2024

Zhang et al., 2022a

Wei et al., 2019

Zhang et al., 2022b

Yin et al., 2017

Indicates some form 
of non-target analysis 

(e.g., TOP Assay)

https://web1.eng.famu.fsu.edu/~gchen/index_files/Page1986.htm
https://www.sciencedirect.com/science/article/abs/pii/S0269749119354053?via%3Dihub
https://pubs.acs.org/doi/10.1021/acs.est.3c07533
https://www.sciencedirect.com/science/article/abs/pii/S0045653516314564?via%3Dihub
https://journals.sagepub.com/doi/10.1177/0734242X231160087
https://www.sciencedirect.com/science/article/abs/pii/S0269749118327994?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0301479724035047?via%3Dihub
https://pubs.acs.org/doi/10.1021/acs.est.6b05005
https://www.sciencedirect.com/science/article/abs/pii/S0013935122023076?via%3Dihub
https://pubs.acs.org/doi/10.1021/es302471n
https://drpress.org/ojs/index.php/HSET/article/view/5242
https://www.sciencedirect.com/science/article/abs/pii/S0304389424028498?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0956053X2300795X?via%3Dihub
https://www.sciencedirect.com/journal/current-opinion-in-environmental-science-and-health
https://www.sciencedirect.com/science/article/abs/pii/S0045653523010913?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0013935124001348?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0956053X22005141?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969724069080?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304389423017296?via%3Dihub
https://pubs.acs.org/doi/10.1021/acs.estlett.0c00819
https://www.sciencedirect.com/science/article/pii/S004565352301192X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S004565352301192X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969723058126?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0045653524010348?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0304389424028954?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0304389424028954?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0304389424032667?via%3Dihub
https://onlinelibrary.wiley.com/doi/full/10.1002/rem.21720
https://www.sciencedirect.com/science/article/abs/pii/S0269749109006393
https://www.sciencedirect.com/science/article/abs/pii/S0045653523011918?via%3Dihub
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MSW LL

C&D LL
MSWIA LL

MSW GC
HW LL

LL = Landfill Leachate
MSW = Municipal Solid Waste

C&D = Construction and Debris

MSWIA = MSW Incineration Ash
GC = Gas Condensate

HW = Hazardous Waste
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37 different landfills globally 
(>750 individual LL samples)

∑PFAS = ND to 377,000

Avg ∑PFAS = 400 
to 82,100 ng/L 

Landfill Studies Find PFASs 
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Landfill Studies Find PFASs – TOP Assay Example 

Collins et al., 2024
NM Recycling and Solid Waste Conference – Oct 1, 2025

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

M
as

s C
on

ce
nt

ra
tio

n 
(n

g/
L)

Pre-TOP

Post-TOP

https://www.sciencedirect.com/science/article/pii/S0304389424028498?via%3Dihub


32

Conceptual Site Model Fate and Transport Considerations

NM Recycling and Solid Waste Conference – Oct 1, 2025

Extreme 
Persistence Mobility Bioaccumulation Toxicity Surfactancy

▬ Regulated PFAS are generally 
fluorosurfactants and amphiphiles

▬ Amphiphilic PFAS have unique fate 
and transport properties

▬ Surfactants accumulate on surfaces 
and at interfaces 

▬ Some PFAS can form highly stable 
assemblies/films on surfaces or at 
interfaces

NAPL

Soil

Water

Gas
Gas-Liquid Interface

NAPL-Gas Interface



Inconsistent and 
Diverse Source of 

Waste as Influent Fuel

Pre-Combustion Post-Combustion

Precursors, PFAAs, Ultrashorts in leachate

Fluorinated intermediates, 
Short-Chain PFAAs, 

Ultrashorts in gaseous 
emissions?

PFAS in 
associated ash

PFAAs in 
condensate from 

scrubbers

PFAS Concerns at a Waste Combustors
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Liu et al., 2021 Liu et al., 2022

Wang et al., 2020

Björklund et al., 2024
Carlund 2023

Mattila et al., 2024
Weitz et al., 2024
Wang et al., 2022
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Shields et al., 2023
Blotevogel et al., 2023

Weber et al., 2025

Winchell et al., 2020
Loganathan et al., 2007

Johansson et al 2024

Hyks et al 2024
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