
© Sanborn, Head & Associates, Inc.

PFAS Leachate Treatment and Waste 
Concentrate Management Strategy

May 20, 2024

1



Agenda
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• PFAS Regulation Development

• Foam Fractionation
• PFAS Character and Impact on Treatment Efficiency

• Air Emission of Foam Fractionation

• Waste Concentration Handling
• Stabilization

• Destruction 



Federal and State Regulation Changes
• EPA MCL – April 2024

• PFOA, PFOS, PFHxS, PFNA, HFPO-DA, PFBS 

• CERCLA Hazardous Substances – April 2024  
(Finalized) 
• PFOA, PFOS

• RCRA Hazardous Constituents- February 2024  
(Proposed) 
• PFOA, PFOS, PFHxS, PFNA, HFPO-DA, PFBS
• PFDA, PFBA, PFHxA (different than EPA MCL) 

• NYSDEC Solids Waste Regulation 360/363 Revision 
Considerations  – May 2023
• PFAS Reduction in Leachate
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PTFE, PFOA, and Gen-X – Related Compounds

• Koc = 115

• Boiling point =192 C (378 F)

• Vapor pressure = 0.525
mmHg

• Solubility = 9,500 mg/L

4EPA Fact Sheets

▪ Not a PFAS!

▪ Koc = Not applicable 

▪ Melting point =327 C (620 F)

▪ Vapor pressure = 0 mmHg

▪ Solubility = 0

▪ Koc = 10

▪ Boiling point =129 C (264 F) 

▪ Vapor pressure = 2.7 mmHg

▪ Solubility = 751,000 mg/L 

Hydrophilic (like water) Hydrophobic (dislike water) 



Chain-Length 
• The example site 

data showed that 
short chain and 
precursors 
contributed majority 
of the PFAS mass 

• Perfluoroheptylprop
anoic acid (PFCA) is 
included in 1633 
and showed the 
highest 
concentration in 
landfill leachate
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ITRC PFAS guidance document for the chain-length definition
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▪ PFCA – Perfluoroalkyl acids 

▪ PFSA – Perfluoroalkane sulfonic acids

▪ PFCA - Perfluoroheptylpropanoic acid 



Precursors in Landfill Leachate 
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For the example site:

▪ Higher PFAS concentrations were detected during high flow conditions.

▪ Total oxidizable precursor assay (TOP) via 1633 analysis
▪ Post-treatment concentration < Pre-treatment concentration 
▪ PFCA can be oxidized completely.
▪ Portion of precursors were converted to short-chain PFCA.



Preliminary Technology Selection (Non-Surface Discharge)
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Every site is different. Selection 
should be based on site-specific 
leachate chemistry. 
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TOC – total organic carbon
TDS – total dissolved solids



Foam Fractionation
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Source: 

Source: Leachate Management Specialists

Tunnel to reach PFAS

▪ Less effective 
for shorter 
chain (C≤6 for 
PFCAs and C≤5 
for PFSAs)

▪ + charged 
surfactant 
enhancement 



Foam Fractionation Effectiveness
• Based on 18 pilot and full-

scale systems for landfill 
leachates and/or 
wastewaters, the removal 
of the PFAS varied.

• Short-chain removal 
enhancement
• Addition of surfactant but 

more tests should be 
conducted.

• Longer hydraulic residence 
time

• Precursor removal is highly 
dependent on the carbon 
chain-length.

• Not suitable for low levels 
of PFAS 
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Upper Limit Lower Limit Average

PFNA C-7 100% 65% 94%

PFOS C-8 100% 56% 94%

PFOA C-8 100% 90% 99%

PFHxS C-6 100% 80% 96%

PFHxA C-6 99% 19% 59%

PFBS C-4 99% 9% 47%

PFBA C-4 57% -37% 7%



Pilot Study Considerations

• Flow rate can be a few gallons per 
minute (gpm) to 50 gpm

• Duration can be one week to 
several weeks

• Sparging rate and air permit 
requirements

• PFAS removal

• Geochemical changes and their 
impacts on future system 
operation
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ECT-2 pilot unit

Synergen pilot unit



Air Emissions

• Air permit is likely required

• Full characterization of air emissions
• Odorous compounds  - Sulfide and 

ammonia via TO-15/TO-16
• Volatile organic compounds – TO15
• PFAS – TO13

• Dual extraction 

• Air Emissions Control 
• Sorption (Vapor activated carbon)

• Organic and sulfide
• Ammonia is highly dependent on pH
• PFAS will be highly impacted by chain-length

• Avoid air emissions
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TO-13 sampling tube
Source: Eurofins 

Volatile 
Likely in the 
vapor phase 
(Landfill gas)

High solubility 
Likely in the 
water phase 
(Landfill 
Leachate)



Foam Fractionation Process 

• xx

12Source: Leachate Management Specialist

Primary Fractionation
1% to 5% Concentrate

Secondary Fractionation
0.05% to 1% Concentrate



Full-Scale Considerations 
• Modular units or permanent system

• Limited long-term operation experience in US.

• To achieve direct discharge into WWTP, all 
existing pre-treatment requirements should be 
met
• PFAS 
• Chemical oxygen demand (COD), Biochemical 

oxygen demand (BOD), total suspended solids 
(TSS).

• Metals

• Operation and maintenance
• Full operation by vendor or facility 
• Long-term operation issues

• Clogging
• Fouling
• Scaling
• Leaking

• Waste handling  
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LMS Source



Foamate Concentrate Handling 

• Foamate – the waste 
concentrate from foam 
fractionation.  The volume 
of foamate can be 0.05% to 
3% of the original leachate 
volume.
• Stabilization – Using cement, 

slag, sorbent
• Destruction

• Off-site/on-site - thermal 
plasma, hydrothermal oxidation 

• On-site - electrochemical 
oxidation

• Possible hazardous waste
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Source: LMS



Stabilization Considerations 
• Objective

• Identify the reagents and dosages to 
stabilize the waste concentration

• Prevent PFAS from releasing back 
into landfill and environment

• Reagents 
• Cement
• Slag
• Granular activated carbon 

(regenerated)
• Organoclay (fluoro-sorb)
• IX 

• Test
• Toxic Characteristic Leaching 

Procedure (TCLP) for screening
• Leaching Environmental Assessment 

Framework (LEAF) to determine 
long-term leachability
• Simulate landfill leachate conditions   
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Example of LEAF 1315 Results



Waste Concentrate Destruction

• Objective
• Feasibility evaluation for PFAS destruction from waste 

concentrate

• Cost and applicability among various technologies 

• Technology selection criteria 
• Compatible with high salt content and high organic 

content
• Compatible with PFAS bulk treatment technology
• Potential for full commercialization

• Existing units
• Site demonstration 
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Waste Concentrate Destruction
• Destruction technologies suitable for regional 

center to handle PFAS waste
• Modified hydrothermal carbonization (MHTC)

• High pressure and high temperature 
• Fully saturated 
• Convert waste to biochar (similar to activated 

carbon)
• 40,000 gpd 

• Thermal plasma 
• High temperature and high energy consumption 
• 350 gpd capacity 

• Supercritical water oxidation (SCWO)
• High pressure and high temperature with fuel 
• Potential salt intolerance
• Maximum 20,000 gpd 
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MHTC

Thermal Plasma

SCWO



Waste Concentrate Destruction

• Destruction technologies suitable 
for on-site. Treated waste can be 
recirculated back into the main 
treatment system  

• Electrical oxidation
• Prefer high TDS but interfered by high 

TOC 
• Capacity varies  

• Advanced reduction 
• More energy efficient pathway and 

compatible with high BOD and TOC 
• Capacity varies 
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Electrical oxidation

Advanced Reduction



Thank you

Lingke Zeng
Project Director
Sanborn, Head & Associates
lzeng@sanbornhead.com
610.984.1722

Questions?

mailto:lzeng@sanbornhead.com

