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• Types / Characteristics of PFAS

• Health Implications

Foam Fractionation Theory

LEEF System Overview

Bethlehem System Overview

Residuals Management

Air Exhaust Management

Project Implementation Costs

Lessons Learned
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Landfill Leachate | A Complex Liquid Matrix

High levels of Dissolved Organic Matter (DOM)

• Humic & Fulvic Acids – amphiphilic, compete at air–water interfaces

• Fats & Lipids – surface-active, contribute to foaming and fouling

• Proteins & Peptides – add to BOD/COD, can affect system 

performance

High levels of Total Dissolved Solids

• Salts – contribute to high ionic strength, can reduce treatment efficiency

• Scale-Forming Minerals – e.g., calcium, magnesium chlorides; lead to 

precipitation and equipment scaling

Synthetic Contaminants

• Detergents & Surfactants – surface active, compete at air-water 

interfaces

• Quaternary Ammonium Compounds (QACs) – potent, persistent 

cationic surfactants

• PFAS – trace levels, persistent, variable forms

Challenges

1. Compete and/or interfere at 

adsorption sites

• Reduces PFAS removal efficiencies

2. Foul media, membranes and 

equipment

• Shorten lifespan, increases O&M costs

3. Increase treatment complexity 

and cost

• Added pretreatment or frequency of 

changeouts
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PFAS Removal Technologies | Landfill Leachate
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+ Simple to operate

+ Removes all contaminants and provides firm 

barrier to discharge point

+ Long and short chain PFAS molecules 

separated

+ Effectively removes EPA targeted PFAS 

molecules

+ Low CAPEX & OPEX costs

+ Leachate largely unmodified prior to POTW 

discharge

– Non-selective; loads co-contaminants & PFAS

– Short / ultra-short chain PFAS removal rates

– Fouls in presence of organics

– High OPEX due to media replacement and 

disposal costs (2-3x per year)

– High capital and operating costs

– 20-30% reject stream still requires 

management

• Short / Ultra-short chain PFAS removal rates

Granulated Activated Carbon (GAC) 

Ion-Exchange (IX) Resin
Reverse Osmosis Foam Fractionation
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Foam Fractionation Theory | PFAS Prefer Air-Liquid Interfaces 

Hydrophobic

Tail

Hydrophilic 

Head

Foam fractionation creates 

millions of square-feet of air-

liquid interface via bubbles 
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Continuous Flow Foam Fractionation | Basic Theory

FOAM

Air

Raw Leachate
QINLET: 100%
CINLET:100%

Treated Leachate
QOUTLET: 97%
COUTLET: 1%

Foam Residuals
QFOAM: 1-3%
CINLET:2,500%
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LEEF System | Multi-Stage, Continuous Flow

Stage 1

Targeting Long Chain

Stage 2

Targeting Shorter Chain

Stage 3

Polishing

Raw 
Leachate

Treated 
Leachate

Foam
PFAS 
Concentrate

AIR AIR AIR
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Rated Capacity

50k GPD
120k GPD Peak Capacity

Leachate Treated

5.7M
Gallons Since July 1st, 2024

% PFAS Compliant

100%
46 Weeks of Operation

LEEF System Capital Value

~$2.5M

Project 

Overview
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LEEF System
Foam Fractionation Process

10

Bethlehem Treatment System | Process Overview

Raw Leachate Treated Leachate

Concentrated Residuals 
Management

Exhaust 
Treatment

To:

City of 

Bethlehem
Via gravity-fed 

sanitary sewer

From:

500,000 

Gallon
On-site storage 

tank
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Project Overview

Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul

Regulatory (State & POTW) Approvals

Demo

BLDG Rehab

LEEF Construction 

Clear Water Operation 

Leachate Line Project
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Number of Carbon Atoms 4 5 6 7 8 9 10 11 12

PFCA’s
Short-chain PFCA’s Long-chain PFCA’s

PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA

Achieved Removal 10% 20% 65% Non-Detect Non-Detect Non-Detect Non-Detect Non-Detect Non-Detect

PFSA’s

Short-chain 

PFSA’s
Long-chain PFSA’s

PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS PFUnS PFDoS

Achieved Removal 40% Non-Detect Non-Detect Non-Detect Non-Detect Non-Detect Non-Detect Non-Detect Non-Detect

No Additives / No Co-Surfactants

LEEF Performance | Typical

Test Methods Used: EPA 537.1 (Modified) & EPA 1633
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Number of Carbon Atoms 4 5 6 7 8 9 10 11 12

PFCA’s
Short-chain PFCA’s Long-chain PFCA’s

PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA

Achieved Removal 10% 85% 90% Non-Detect Non-Detect Non-Detect Non-Detect Non-Detect Non-Detect

PFSA’s

Short-chain 

PFSA’s
Long-chain PFSA’s

PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS PFUnS PFDoS

Achieved Removal 80% Non-Detect Non-Detect Non-Detect Non-Detect Non-Detect Non-Detect Non-Detect Non-Detect

With WGC-1 Additive

LEEF Performance | Short-Chain
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Concentration Factors

50,000 Gallons
Per Day

50-100 Gallons
Per Day

~1 Gallon
Per Day

Raw Leachate Concentrated Liquid
0.1-0.3% of Original Volume

300-1000x Concentration

Surface Modified Clay
40,000-50,000X Concentration
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Air Exhaust Management | Wet Scrubbers To Remove VOC’s Prior To 

Vapor Phase Carbon

Acid Scrubber at Bethlehem
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Typical Operating Costs

Low 

Energy

No Use of 

Chemicals

Low 

Residuals

0.1-0.3% Liquid

~1 Gallon / Day Solidified
(50,000 GPD System)

None Typical
Exceptions: Scaling potential, air-exhaust 

treatment and Short-chain removal

4-6 W-hour
Per Gallon
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Lessons Learned | One Year Of Operation

Proven PFAS Removal At Scale

• High-efficiency removal of both long- and select short-chain PFAS

• Consistent performance across varied leachate chemistries

Limited, But Essential Maintenance Required

• Mineral scaling manageable and can be limited through system design 

• Key maintenance: pump/blower servicing and scale control

Foamate Management Is Key

• Temperature affects foam collapse rates and fractions

• Foamate stabilization via solidification effective method for disposal 

Air Emissions Are Controllable

• PFAS both aerosol-bound and volatile

• Effectively managed using de-misters, wet scrubbers, and GAC polishing
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