
Surface Active Foam Fractionation (SAFF®)

PFAS Removal by Foam 
Fractionation From Varying 

Landfill Lechates



SAFF® Process & Application 



Units Deployed
25 in North America

Gallons Treated

Patent 
Families 



SAFF Separation 
Mechanism

Rising air bubbles separate PFAS to surface

• Hydrophilic head: orients in water

• Hydrophobic tail: orients in air-bubble
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P F A S  M O L E C U L E
(hydrophilic anionic 

functional head chemistry)

A I R  B U B B L E
(air/water interface)

P F A S  M O L E C U L E
(hydrophobic fluorinated tail)



• Primary, secondary, and tertiary 
fractionation for maximum waste 
reduction

• Treats up to 100 GPM for groundwater 
and up to 70 GPM for higher-foaming 
waters 

• Operated out of a 40’ conex box

The SAFF® Family
Available in three different treatment rates
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• Primary and secondary fractionation

• Treats up to 50 GPM

• Operated out of a 40’ conex box

• Identical primary fractionation vessel as 
the larger units, and includes secondary 
fractionation

• Treats up to 14 GPM 

• A 7.5’x15’ footprint

SAFF®40 SAFF®20 SAFF®10
The original, high-performance 

PFAS treatment workhorse. 
Full-scale performance for 

lower-flow applications. 
Big impact in a 
small footprint. 



The SAFF40® 

Containerized solution with high flow-through capabilities
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CONTROL ROOM 
WITH REMOTE 

TELEMETRY

FEEDWATER INLET CARBON FILTER 
EXHAUST PORTS

FRACTIONATE 
TRANSFER/STORAGE 

TANKS

FINAL TREATED
SECONDARY/TERTIARY 

TREATMENT STAGE
PRIMARY 

TREATMENT STAGE

FOR DESTRUCTIONSEPARATION CONCENTRATION



SAFF® for 
Landfill 
Leachate

• Unmatched performance: successfully treated all 
leachate at SAFF deployed sites, consistently meeting 
or exceeding EPA MCLs

• Optimized operations: requires no pre-treatment, and 
24/7 remote monitoring available 

• Adaptive compatibility: 4-seasons container for year-
round operation, flexible to changing water conditions 
and not limited by the presence of organic and 
inorganic compounds*

• Cost efficient: provides the lowest cost per gallon*

• Superior concentration: generates low waste volumes, 
providing industry-leading concentration factors * (up 
to 90,000x)

Treated or actively treating 
leachate at >12 sites globally
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*compared to other foam fractionation, GAC and resin-based systems



Concentration Factor 
Across Water Types

Primary and secondary treatment provides 
concentration factors:

• Landfill Leachate: 500-10,000x 

• Non-Foaming Groundwater:

• 2,000-200,000x (without Allonnia Booster)

• 20,000-200,000x (with Allonnia Booster)

• RO Reject: 10,000-100,000x 

• Surface Water: 1,000-150,000x 

Including tertiary treatment provides 100-1,000x factor 
additional.
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Comparing SAFF® Performance in Various Landfill Leachates



SAFF® Performance in Landfill Leachate
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Analyte Influent
(ppt)

Effluent
(ppt)

Typical
% Removal

PFOA 2,798 1.55 99.9%
PFNA 14.7 ND 100.0%
PFBS 2,586 647 75.0%

PFHxS 1,579 ND 100.0%
PFOS 514 5.73 98.9%

5:3 FTCA 3,413 2,662 22.0%

Pilot and Permanent Installation Results

C O N C E N T R A T I O N F A C T O R S

I n c l u d i n g  3  p e r m a n e n t  l e a c h a t e  
t r e a t m e n t  s y s t e m s



PFAS Removal at Various Landfills

Confidential 11

Notes:

1. Markers = average 
percent removal

2. Error bars represent 
maximum and 
minimum removal

3. All data collected 
during field-scale 
trials

4. All samples 
analyzed by 
accredited 
laboratories



Confidential



SAFF® Performance Depends on Objectives

Full-Scale Landfill One: 

• 60% PFOS and PFOA Removal Goal 

• 100 gpm plus flow rate avg

• ~5,500x Concentration Factor

• Relatively Low TDS, Low BOD
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Full-Scale Landfill Two: 

• EPA Drinking Water Standards Goal

• 60 gpm flowrate avg

• 600x Concentration Factor

• Relatively Higher TDS, Higher BOD

Influent
(ppt)

Effluent
(ppt)

PFBS 1,904 1,879

PFHxS 679 290

PFNA 107 2

PFOS 1596 20

PFOA 1260 220

Influent
(ppt)

Effluent
(ppt)

PFBS 2,340 1,480

PFHxS 374 ND

PFNA 72 ND

PFOS 53 ND

PFOA 1130 6



Same Site, Variable Leachate
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INFLUENT:

• Total PFAS from 35,000 to 95,000 ng/L

• 5:3 FTCA: 40 to 54%

• Long-Chain PFAAs: 3-6%

• Short-chain PFAS: 37-51%

• Total PFAS removal varied from 13% to 63%

• PFOS and PFOA consistently removed

• Below drinking water standards in 

some samples

• Up to 95% 5:3 FTCA removal when that was 

the focus



5:3 FTCA

Influent (ng/L) Percent Removal

Site Average (±st. dev) Maximum Average (±st. dev) Maximum

Landfill 1 3,900 (±3,900) 14,991 65% (±28%) 100%

Landfill 2 7,100 (±8,500) 21,300 83% (±15%) 100%

Landfill 3 19,000 (NA) 19,000 60% (NA) 60%

Landfill 4 35,000 (±9,500) 47,126 36% (±31%) 92%

Landfill 5 52,000 (±19,000) 86,600 49% (±50%) 93%

Landfill 6 53,000 (±18,000) 69,642 20% (±8%) 35%
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• Often a large proportion of total PFAS in landfill leachate

• Not usually regulated but can break down to PFHxA, PFPeA, PFBA

• Concentrations can be highly variable and may require optimization specifically targeting it

• Near complete removal is possible with foam fractionation



Foam Quality and Volume Matters

Confidential 16

• Most leachates produce a large volume of 
foam without any additional surfactant

• Rate of foam production affects system 
throughput

• Volume of foam affects waste volumes 
(concentration factor)

• Quality of foam affects PFAS removal 
rates



Foam Quality and Volume Matters
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• Volumetric waste reduction:

𝑉𝑜𝑙𝑢𝑚𝑒 𝑤𝑎𝑡𝑒𝑟 𝑇𝑟𝑒𝑎𝑡𝑒𝑑

𝑉𝑜𝑙𝑢𝑚𝑒 𝑊𝑎𝑠𝑡𝑒 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑

• Varies widely across landfills 
depending on the objectives 
(settings) and quality of leachate

• Secondary: 137x to 2452x

• Tertiary: 876x to 2867x (79,000x 
outlier)

• Tertiary fractionation adds 3 to 10 
times additional concentration

Volumetric Waste Reduction in 

Field-Scale Projects



External Foam Suppression System
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• External foam expansion tank

• Allows longer residence time to store rapidly 
produced foam (e.g., from leachate)

• Recirculating sprinkler system for foam 
suppression

• Collapse foam into a liquid for 
storage/disposal

• Foam sensor and automated shutoff

• Prevent releases from overfoaming events

• Advanced air emission controls/mist recycler

• PFAS may be present in mists and aerosols

• Drying air/collecting droplets reduces 
airborne PFAS



Foamate Management/Disposal
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• EPA’s Interim Guidance on Destruction & 
Disposal of PFAS:

• Landfilling: stabilize with concrete, resin, clay 
or other media

• Deep Well Injection

• Hazardous Waste incineration

• EPA 2025: PFAS Destruction by a Hazardous 
Waste Incinerator: Testing Results

• SAFF® concentrate is a liquid and suitable 
for many emerging technologies

• Can be off-site, centralized plant

• Smaller, on-site systems may be available

S o m e  o f  t h e  
T e c h n o l o g i e s  

T e s t e d  w i t h  S A F F ®

Electrochemical Oxidation 
(multiple electrode configurations)

Supercritical Water Oxidation

Plasma

Hydrothermal Alkaline Treatment

UV/Sulfite Treatment

Iron Nickel Reduction/
Oxidation



SAFF® Project Workflow
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BENCH SCALE 
TEST

Demonstrate SAFF 
performance in      

Allonnia lab

PILOT 
DEPLOYMENT

See SAFF performance in 
full-scale, short-term 

installation

LONG-TERM 
DEPLOYMENT

Receive continued SAFF 
full-scale and long-term 

performance benefits

PARTNERED 
SERVICES INCLUDED

Onsite local     
staff training

Unit optimization

Ongoing 
reporting

24/7 telemetry

Destruction 
support

Innovation 
sharing



Thank you
W W W . A L L O N N I A . C O M

Jason Hnatko, PhD, PE

Engineer Manager

jhnatko@allonnia.com


