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Purposes
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• Complete PFAS management 
strategy for landfill leachate
• Treatment efficiency of foam 

fractionation for the landfill 
leachate?

• Waste generation?

• Foamate treatment?



Landfill Leachate – Baseline Characterization 
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Landfill in Northeast with high daily flow – average 90,000 gpd and design 150,000 gpd 

▪ Higher PFAS concentrations were detected during high flow conditions

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

Old Cell New CellCombinedOld Cell New CellCombined

Waste source matters 



Landfill Pilot Study
• Objective: Design a 

treatment system to 
remove PFAS at 150,000 
gpd capacity

• Phase I: 12 different test 
conditions 
• Leachate and system air 

emissions monitoring.
• 0.8 to 1.5 gpm leachate 

flow
• Residence time per 

fractionator: 18 to 40 min
• Air: Water Ratios: 12 to 

40
• 4 cationic surfactants
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Pilot Test Trailer  

Extensive 
Sampling 
Program  



Landfill Pilot Study
• Phase 2: Treatment 

Simulation 
▪ 4-day run under one 

condition to obtain 
secondary foamate

▪ Secondary foamate 
stabilization: 14 
conditions and 6 
reagents
▪ TCLP initial screening
▪ LEAF long-term 

leachatability evaluation
▪ Secondary foamate 

destruction tests (not 
presented)
▪ Hydro-alkaline Thermal  

Treatment (HALT)
▪ Electrooxidation (EO)   

5

Cement Slag PAC FL

FL-

100Fine IX Resin

Blend 1 0.7 0.3

Blend 2 0.77 0.33

Blend 3 0.77 0.33 2.0%

Blend 4 0.77 0.33 4.0%

Blend 5 0.77 0.33 8.0%

Blend 6 0.77 0.33 1.5%

Blend 7 0.77 0.33 3.0%

Blend 8 0.77 0.33 6.0%

Blend 9 0.77 0.33 1.5%

Blend 10 0.77 0.33 3.0%

Blend 11 0.77 0.33 6.0%

Blend 12 0.77 0.33 0.4%

Blend 13 0.77 0.33 1.0%

Blend 14 0.77 0.33 3.0%
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3: Treated Leachate (PF3)

PFAS Profile Changes Through Foam Fractionation 
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4: Treated Primary Foamate

PFCA, 
775683

PFSA, 
285924

PASA, 
60965

FTSA, 
155000

PFECA, 490

FTCA, 
3020380

HQ-115, 
62350

6: Secondary Foamate
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1: Untreated Leachate▪ Long-chain,  
sulfonic, precursors 
were concentrated 
in foamate. 

▪ Short-chain and 
soluble precursors 
(HQ-115) in the 
treated foamate.

▪ Units  - ng/L

PFCA: Perfluoroalkyl 
carboxylic acids 

PFSA: Perfluoroalkane 
sulfonic acids

FASA: Perfluoroalkane 
sulfomides

FTSA: Fluorotelomer 
sulfonic acids

FTCA: Fluorotelomer 
carboxylic acid

FTOH: Fluorotelomer 
alcohols 
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5: Primary Foamate



PFAS Removal and Concentration
▪ PFCA (>5C) 

and PFSA 
(>4C) 
showed 
~complete 
removal: 
>95% 
removal of 
total FTCA; 
>70% other 
precursors.

▪ Short-chain 
PFAS with 
incomplete 
removal
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Table 1 Upper % Lower % Median
Perfluoroalkyl carboxylic acid (PFCA)

PFBA [3] 30% -67% -5%

PFPeA [4] 36% -47% -2%

PFHxA [5] 79% 16% 47%

PFHpA [6] ~100% (All below DL)

PFOA [7] ~100% (All below DL)

PFDA [9] ~100% (All below DL)
Perfluoroalkane sulfonic acid (PFSA)

PFBS [4S] 59% -2% 16%

PFPeS [5S] ~100% (All below DL)

PFHxS [6S] ~100% (All below DL)

PFOS [8S] ~100% (All below DL)
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PFAS Removal Results

▪ The two most important design parameters that impact on short-chain 
per (fully) fluorinated PFAS

▪ More robust treatment conditions generated more foamate 
▪ Primary foamate 3% to 13% and secondary foamate 0.4% to 0.6% of raw 

leachate 
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Air Emission Results

▪ FTOH>>FTCA>FASA
>PFCA>PFSA
▪ 8:2 and 10:2 FTOH 

levels were higher 
than typical levels 
in landfill gas

▪ Activated carbon 
effectively 
removed PFAS 
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Barlaz et al. (2023):  https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/display.abstractDetail/abstract_id/10990/report/2023
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Mass Balance

▪ PFAS mass in raw 
leachate was close 
to the combined 
mass of foamate 
and treated 
leachate

▪ Excluding FTOH, < 
1% PFAS in air 
emissions

▪ T3 – 420 gal; T9-
570 gal

▪ Mass unit - ng
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Mass Balance in Phase II

▪ Leachate phase mass balance was demonstrated

▪ <1% PFAS in air

▪ Per 1000 gal
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Geochemical Changes of Leachate during Pilot Study

▪ Moderate 
changes of 
geochemical 
conditions:
▪ Slight decrease 

of ammonia and 
sulfide

▪ Moderate 
decreases of BOD

▪ No changes on 
COD

▪ Higher TDS and 
TSS in foamate
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Secondary Foamate Stabilization Results – TCLP Testing

▪ Cement-only mixes 
leached out high 
PFAS levels

▪ Cement + sorbent 
reduced PFAS 
concentrations by 
orders of 
magnitude

▪ Based on TCLP 
results, reagent 
costs, swell, five 
mixtures were 
selected for LEAF 
1315 
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LEAF 1315 Testing 
▪ Leaching Environmental 

Assessment Framework 
(LEAF) to determine 
long-term leachability

▪ Unlike TCLP, monoliths 
were used

▪ Multiple eluates (9 times 
of the surface area)

▪ Eluate solutions 
contained CaSO4 and 
NaCl to generate 10,000 
mg/L of TDS similar to 
the landfill leachate 
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LEAF 1315 
Testing 

▪The 
cumulative 
mass and 
mass release 
rates are 
significantly 
lower for 
mixtures 
with sorbent 
additions.

▪It would take 
centuries for 
PFAS to 
leach out 
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LEAF-1315 Results 

▪ Lower diffusivities 
of long-chain PFAS

▪ All mixtures 
showed low 
diffusivities

▪ Sorbent additions 
showed a 
significant 
reduction of 
diffusivities. AC 
additions showed 
overall optimal 
results for long-
term 
leachatability.
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Lessons Learned 
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Foam Fractionation (FF) is an 
effective technology for some 

PFAS with minimal pretreatment 

• Regulation acceptance for the 
incomplete removal of short-
chain PFAS 

FF system benefited from an air 
control system to mitigate air 

emissions of PFAS

• Regulatory concerns will be 
lessened

• FTCA and FTOH do not have 
regulatory standards, but can be 
transformed into regulated 
compounds

• VOC, sulfide, and ammonia may 
also require treatment 

Foamate management must be 
pre-determined before system 

design and installation

• Foamate volume vs treatment 
efficiency – selection is based on 
the regulation requirements  

• Stabilization can be a feasible 
method to manage foamate 

• Sorbent addition can greatly 
reduce PFAS leaching back into 
the environment

• Activated carbon – Good 
results and lowest reagent 
cost (<$120/day)



Thank you

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

Questions?

mailto:lzeng@sanbornhead.com
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