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PFAS Regulatory Update

Credit:  Minnesota Pollution Control Agency 

NC SWANA Conference, Tuesday October 17, 2023
Jeffrey Murray, PE, BCEE HDR Landfill Practice Lead
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Credit:  Australian Government, Department of Defence



Proposed EPA MCLs  (enforceable)

PFOS: 4.0 ppt

PFOA: 4.0 ppt

Credit:  
www.ndrc.org



2003
Phase-out of 
PFOA/PFOS 
production

2009
Provisional 

Drinking 
Water 
Health 
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and PFOS 
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2013-2015
Third 

Unregulated 
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Monitoring 
Rule for six 
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2016
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Health 
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and PFOA 
(70 ng/L)

2018
PFAS 
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Leadership 
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2021
EPA 

Releases 
PFAS Road 

Map

June 2022
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GenX

2022
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2023
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National 
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Drinking Water 
Regulation

2024-2028
Plan 15 Effluent 
Discharge and 
Pretreatment 

Standards

Future Timeline, dates subject to change 

2023-24
Final Rule 

CERCLA 
Designation 

for PFOA, 
PFOS

2024
Risk 

Assessment 
of PFAS in 
Biosolids



January 31, 2023 Federal Register Notice

EPA Announced Availability of Effluent Guidelines Program Plan 
(Plan 15) 

• Under authority of Clean Water Act 

• Publish a Plan for New and Revised Effluent Limitation Guidelines 

• Focus of public comment 

• Received 32 unique comment letters

• Review of PFAS Discharges and Assess Opportunities for Limiting these Discharges 
from Multiple Industrial Categories, Including Landfills

• Landfills were last Updated in 2000 for Direct Dischargers Only

• Final Rule August 2023

EPA Has Determined that Revisions to Effluent Limitation 
Guidelines and Pretreatment Standards to Address PFAS is 
Warranted 



What Will This Mean?

ELGs promulgated for 59 Industrial Categories affecting up to 
45,000 Direct Dischargers and 129,000 that Discharge to 

POTWs

ELGs implemented through NPDES Program, Pretreatment 
Standards Enforced by EPA, POTWs and State Regulatory 

Agencies       

Based on Best Available Technology Economically Achievable 
(BAT) for existing discharges or Best Available Demonstrated 

Control Technology (NSPS) for New Discharges 



• Latest Data is from 2019-2020 Study, but 
technologies are Evolving Rapidly.  In 2023 Plan, EPA 
indicated in GAC, Ion Exchange and RO as viable 
options

• Size and Scope of LF Industry and Discharge Method, 
PFAS Analytical Data, and Current Treatment 
Technologies Implemented 

Status of Plan 15

• Plan 15 Updates are not Currently Funded -> More 
Uncertainty on Direction and Duration

Data Collection

Technology 
Review

Federal Funding



Landfill Impacts 

Scope:  EPA found PFAS in 95% of leachate evaluated from 200 
Landfill Sites.  Standards will apply to all.

Technology Review: What are the BAT technologies, ultimately 
being considered for establish guidelines and standards.  Is Foam 
Fractionation or Evaporation going to be considered?   Will it be 
concentration or mass based standards?

Residual Management: How are residual streams going to be 
regulated. Can they continue to managed on-site? 

When:  Will POTWs NPDES Compliance and Industrial User and 
Discharge Permit Revisions come first? Will POTWs continue to 
accept leachate?  Where will their biosolids go?



How You Can Help

Collaborate:  SWANA Landfill Technical Division Landfill Leachate and 
Liquids Committee (L3C) is Meeting with EPA Plan 15 – Join Us

Coordinate: Begin Discussions with POTW on Mass Loading, % 
Contribution, etc. so you can understand landfill impact and whether 
restrictions will be forthcoming

Plan: Become more familiar with technologies and potential costs, 
understand how it could be implemented at your site 

Funding: Seek funding from NC DWI SRF and Grants Programs, 
Evaluate Enterprise Fund and User Fee/Rates to Support Capital and 
Operations of Pre-treatment for PFAS 



Questions

Jeffrey Murray, PE, BCEE
HDR Landfill Practice Leader
Jeffrey.Murray@hdrinc.com

mailto:Jeffrey.Murray@hdrinc.com


PFAS Roundtable
NC SWANA November 17, 2023

Time Panelist Affiliation Description

3:15 – 3:30 Jeff Murray, PE HDR PFAS Plan 15 Update

3:30 – 3:45 Lindsay Boone Pace PFAS Analytical Methods

3:45 – 4:00 Joan Smyth, P.G. Smith Gardner PFAS Treatment 
Alternatives

4:00 – 4:15 Ivan Cooper, PE CEC Operational 
Requirements

4:15 – 4:30 Ivan Cooper, PE CEC Treatment Costs

4:30 – 4:45 Joan Smyth, P.G. Smith Gardner Time for Implementation

4:45 – 5:00 Panel Discussion and Q&A



A Brief Overview of PFAS Test Methods

Lindsay L. Boone, M.Sc.
PACE Technical Specialist

14



ANALYTE 537.1 533
PFEESA •

HFPOA-DA/Gen X • •
NFDHA •
PFOS • •

PFUdA • •
N-MeFOSAA •

PFPeA •
PFPeS •
6:2 FTS •

N-EtFOSAA •
PFHxA • •
PFDoA • •
PFOA • •
PFDA • •

PFHxS • •
PFBA •
PFBS • •
PFHpA • •
PFHpS •
PFNA • •

PFTeDA •
PFMOPrA •
8:2 FTS •
PFTrDA •

9Cl-PF3PONS • •
4:2 FTS •

11Cl-PF3OUdS • •

PFMOBA •

ADONA • •

For UCMR 5:

USEPA reports 25 
from EPA 533 and 4 
that don’t overlap 
from EPA 537.1

For a total of 29 
PFAS



Draft Method EPA 1633
• EPA announced the method Sept 2021

• Eight matrices - wastewater, surface water, groundwater, 
soils, biosolids, tissue, leachate, and sediment

• Single lab validation, 2022 and on multi-lab validation

• We are on Draft 4 –added QA/QC for liquids 

• EPA/DOD combined effort 

• DM 1633 should phase out” 537Modified” methods

• DM 1633 has been finalized for aqueous matrices such 
as wastewater ahead of solids…but not leachate

• DM 1633 being added to NPDES permits and some 
municipal landfill groundwater monitoring programs

Image copied from: Cincinnati Enquirer



Analyte Analyte
PFBA 8:2 FTS

PFPeA PFOSA

PFHxA N-MeFOSAA

PFHpA N-EtFOSAA

PFOA HFPO-DA

PFNA PFMOPrA

PFDA ADONA

PFUnDA 9Cl-PF3ONS

PFDoDA 11Cl-PF3OUdS

PFTrDA 3:3 FTCA
PFTeDA 5:3 FTCA

PFBS 7:3 FTCA
PFPeS N-EtFOSA

PFHxS N-EtFOSE

PFHpS NFDHA

PFOS N-MeFOSA

PFNS N-MeFOSE

PFDS PFDoS

4:2 FTS PFEESA

6:2 FTS PFMOBA

40 PFAS Compounds in Draft 1633

➢ 1633 will help unify PFAS lists 

➢ All 29 PFAS from UCMR 5 are included in this method.  
This can aid drinking water plants in source 
identification of PFAS present in their raw and 
finished product. 

➢ More Precursors are included in 1633



pacelabs.com   18

5:3 FTCA has several potential degradation pathways

5:3 FTCA

PFHxA PFBA

PFOA PFPEA



Aqueous: DM1633 vs.  Legacy Method

Sample volume: 500 mL vs. 125 mL or 250 mL

• Landfill leachates: 100 mL (RLs 5X higher)

Pre-preparation: TSS required; subsample >100 mg/L

• Draft 3: TSS flexibility; centrifugation allowed

• QSM Table B-15: centrifugation allowed >1% solids

• QSM Table B-24: silent on this matter (current version)

Lower sorbent mass SPE (+ Glass wool) = slower sample loading

Dispersive carbon (dGCB) cleanup

Syringe filtration



Solids: DM1633 vs.  Legacy 

Method
▪ Sample mass: 5 g (dry mass) vs. various masses (1 - 5 g)

• Biosolids: 0.5 g (dry mass; RLs 10X higher)

▪ Three-fold solvent extraction (Methanolic NH4OH) – shake/centrifuge/decant; dGCB 
cleanup

▪ Solvent exchange/volume reduction – methanolic to aqueous

• % Solids / sample water content

▪ SPE – identical to aqueous SPE protocol (~50 mL volume)

▪ Method modification?





TSS Impacts-Something to think about… Liquid Solid

Analyte ng/L ug/kg

PFBA 53000 43

PFPeA 86000 96

PFHxA 130000 210

PFHpA 15000 34

PFOA 32000 79

PFNA 1700 3.8

PFDA 1300 3.1

PFUnA <500 0.32

PFDoA <500 0.53

PFTrDA <500 <0.17

PFTeDA <500 0.26

PFBS 180000 430

PFPeS <500 1.3

PFHxS 19000 49

PFHpS <500 0.47

PFOS 5400 14

PFNS <500 <0.17

PFDS <500 <0.17

PFDoS <500 <0.17

4:2FTS <2000 <0.69

6:2FTS 4800 7.8

8:2FTS <2000 2.6

PFOSA <500 <0.17

Liquid Solid

Analyte ng/L ug/kg

NMeFOSA <500 <0.17

NEtFOSA <500 <0.17

N-MeFOSAA 5900 14

N-EtFOSAA 3400 8

NMeFOSE <5000 4.2

NEtFOSE <5000 4.9

HFPO-DA <2000 <0.69

ADONA <2000 <0.69

9Cl-PF3ONS <2000 <0.69

11Cl-PF3OUdS <2000 <0.69

3:3 FTCA <5000 <1.7

5:3 FTCA 220000 140

7:3 FTCA 32000 28

PFEESA <1000 <0.35

PFMPA <1000 <0.35

PFMBA <1000 <0.35

NFDHA <1000 <0.35



Measured PFAS

Precursors

TOP (Total Oxidizable Precursor Assay)

Heat/Oxidation

Under TOPS conversion occurs of 
known and unknown precursors to 
terminal PFAS (PFCA).  
Degradation of any precursor would 

be to an equal or shorter chain 

length.

6:2 FTS PFHxA
89% of PFAS are Precursors

https://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/



Pre-Ox Post-Ox

8:2 FTS 22300 0

PFBA 13700 152000

PFDA 0 10900

PFHpA 0 52600

PFHxA 0 120000

PFNA 0 15500

PFOA 0 34500

PFPeA 14900 154000

Total 50900 539500

TOPS Table Pre-Ox and Post-Ox



pacelabs.com   25

PFAST®

EPA 8327/ASTM 
D8421
• LOQ ~10 ppt

• Pricing is a plus

• Faster on average TAT

• 44 PFAS reported

• Useful for pilot studies, bench scale 
remediation technologies, destruction 
technologies

• Small sample volume requirements

• SW-846 8327 and ASTM D8421 needs 
vary by regulatory agency

• D8421 44 compounds, all DM 1633 40 
are included in this list

• Direct Inject technique 

• Performance based method Pace 
Utilizes Isotope Dilution



What is Organofluorine?

26





Q U E S T I O N S ?

T H A N K  Y O U

Additional resources:

• PFAS.com 

• PACELABS.COM | Search: PFAS

pacelabs.com   28

Lindsay L. Boone, M.Sc.
910 262 5098
Lindsay.Boone@pacelabs.com
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Treatment of PFAS in Landfill Leachate

NC SWANA Conference 2023 

Joan A. Smyth, P.G.

November 17, 2023



• Most Amenable to Leachate Treatment
Primary Technologies

• Foam Fractionation

• RO

• Resin

• Mixed Media

• Plasma

Polishing Technologies

• Activated Carbon

Current Liquids Treatment Technologies

Source: NH Business Review 2018v

Source: Australian DOD 2018



Foam Fractionation



• Membrane Based Separation Process- 99.9% removal +/-

• Separates Water from Organic and Inorganic Compounds.

Reverse Osmosis

Courtesy: Rochem Corp



Adsorbents

FLUORO-SORB® 300
(modified Bentonite) 

Wastewater Treatment
• Not affected by organics in wastewater
• Not affected by metals/ions in 

wastewater
• Some studies show reliability up to 

~3000 bed volumes before 
breakthrough (depends on 
concentrations)



Surface Modified Clay Performance



Adsorbents

Ion Exchange 
Adsorbent

Can be affected by metals/ions in wastewater
Media can not be regenerated 



G. R. Stratton, F. Dai, C. L. Bellona, T. M.  

Holsen, E. R. V. Dickenson and S. Mededovic  

Thagard, “Plasma-based water treatment:  

Demonstration of efficient  

perfluorooctanoic acid (PFOA) degradation  

and identification of key

reactants” Environmental Science &  

Technology, 2016, accepted.

Courtesy of Selma  Mededovic Thagard,  Clarkson University

Plasma PFAS Transformation



Residual Technologies

• Stabilization/Solidification – Land Disposal Restrictions???
• Cementitious S/S

• Encapsulation (In totes or vessels)

• Holcim/ADC

• Return to the landfill

• Hazardous Waste Landfill Haul and Dispose

• Destruction – Similar to S/S on regulatory
• Incineration – Must be >1000 Deg C to destroy PFAS (may not be feasible)

• Plasma 

• Supercritical Water Oxidation

• ElectroChemical Oxidation

• Reductive Defluorination Technology



• CEC Solidification of SAFF

• 0.6:1 TCLP 99.9% retention all PFAS

Leachate Residuals PFAS Stabilization

Techniques:
Mixture of generic S/S amendments known to sorb PFAS*:
Powdered activated carbon (PAC), 
Iron oxide (Fe2O3) powder, 
Montmorillonite clay, 
Ground-granulated blast-furnace slag (GGBFS), and
Portland cement (PC)
Fluoro Sorb  

[PFOS] = 14,000 - 100,000 ng/Kg

[PFAS] = 2,500 – 17,000 ng/Kg

Tested with Fluoro Sorb from Cetco

Tests by Dan Cassidy, Western Michigan University  - 6% dose Fluoro Sorb achieved < 70 ppt [PFOA+PFOS] in 
leachate in all soils using TCLP Test. 
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• Proprietary cement binder

• No free liquid (Paint Filter Test)

• Friable for use as Alt Daily Cover

Fixation of Residuals 
(Holcim/Lafarge)

Courtesy: Holcim/Lafarge



Destruction Technology - Plasma

Treatment efficiency is 15 times  greater than in 

the bench-scale  reactor. The overall treatment  

efficiency is significantly higher  compared to 

leading alternative  treatment technologies.

Solid-phase extraction

Compound

C0 min

(µg/L)

C60 min

(µg/L)
Removal  

(%)

Perfluorooctanoic acid  
(PFOA)*

0.89 0.0035 99.6

Perfluorooctane sulfonate  
(PFOS)*

0.18 0.0026 98.5

Perfluoroheptanoic acid  
(PFHpA)

0.11 0.0002 99.8

Perfluorohexane sulfonate  
(PFHxS)

0.32 0.0041 98.7

Perfluorohexanoic acid
(PFHxA)

0.27 0.024 91.1

Perfluoropentanoic acid  
(PFPnA)

0.22 0.16 26.4

Treatment of contaminated 

groundwater  (naval research site, 

Warminster, PA)

PFOA & PFOS 

concentration was reduced 

by at  least 75% within one 

minute of treatment

Courtesy of Selma  Mededovic Thagard,  Clarkson 

University and John Van Winkle, 88th Air Base Wing 

Public Affairs



• Best used for small volumes of concentrated 
PFAS removed by other processes (i.e., Foam 
Fractionation)

• Free and hydrated electrons in plasma 
(reductive reactants) break C-F bonds due to 
their very high energy (50 to 100 eV) and very 
low mass

• Reactions are rapid until perfluorobutanoic 
acid (PFBA) is formed; PFBA degrades more 
slowly

• Near-complete degradation produces 
dissolved fluoride anion, small amounts of 
gaseous fluorocarbons
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Destruction Technology – 
Supercritical Water Oxidation (SCWO)

• Water above 705oF and 3,200 lbs/in2 -Rapidly 
destroys PFAS

• >99.99% removal under 10 seconds or less

• If organics, no additional fuel needed

• Creates HF – needs neutralization

• Tests 99+% reduction in landfill leachate  for 12 
PFAS : 3,600 ng/L to 36 ng/L (Jama et al 2020)

• Battelle building a mobile trailer for 3,500 
gal/day

EPA, Jan 2021



Destruction Technologies – 
Electrochemical Oxidation

• Several Vendors
• ECT2; Aclarity; Sanexen; Siemens; OXbyEL; others

• Power Requirements
• 0.125 - 0.5 kwh/gallon

• 6 volts produces free electrons

• Electrode materials
• Titanium; boron doped diamond

• Single pass v. multiple pass

• Destroys ammonia too!

Various Equipment designs 



Summary

• PFAS Treatment typically two stage process (concentration to destruction)
• Alternatives exist for concentration step

• Technologies are mostly mature with some minor improvements expected

• Largest unknown – what will be the “allowed” wastewater discharge limit

• Treatment train will probably be required

• Destruction – Regulatory Questions
• What will be EPA’s directives/mandates?

• Approved Destructive Method(s)?

• Hazardous Waste Status? – Listed or Characteristic or Not?

• Huge technology advances ongoing for most methods

• Market seems to be creating Hub/Spoke system for PFAS management – on-
site concentration step followed by destruction treatment hub



Questions?

Joan Smyth, P.G.
Smith Gardner, Inc.

joan@smithgardnerinc.com
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Operation and Cost 
Considerations 

PFAS Treatment in 
Landfill Leachate

NC SWANA Annual Conference 
Practical Implications for Industrial, Municipal, Solid Waste Operations, 

and Facility Development 

• Ivan A. Cooper, PE, BCEE

• October 17, 2023



Agenda

• Timing

• Operational Considerations
• Construction

• Operations

• Utilities

• Costs

• Summary

Ref: EPA



Timing

• North Carolina

• Federal
• Plan 15 Schedule

• EPA Study ~ 4 years

• Implementation to put systems on-line ~ 3 years

• Bottom Line – system operational 2030

• Start Planning Now!
  



Current Leachate PFAS Processes

• Few Process are single unit operations

• Commercial Status – Full Scale / Limited / Developing or Laboratory

Segregation – Adsorptive Segregation-  Physical Chemical Destructive

Activated Carbon
      Granular
       Colloidal 
  Ion Exchange
  Polymers
  Modified bentonite
  Mixed Media

Reverse Osmosis/Nano/Ultra
Foam Fractionation
Deep Well Injection
Cementitious encapsulation

Plasma
Thermal
Supercritical Oxidation
Electrochemical
Photochemical
Oxidation/Reduction
Persulfate
Sonolysis
UV Permutations
Pyrolysis
Mechanochemical Degradation
Hydrothermal Alkaline - HALT



Operational Concerns

• Flexibility
• Changing regulations means new equipment – how to adjust?

• System Costs
• Replacement media, backwash or other waste, residuals disposal

• Training
• Can staff work with equipment – finding new staff?
• Operator certification

• Operator Friendliness
• Monitoring/Flow volumes
• SCADA or Phone Apps
• Media accessibility/changeouts – storage onsite and delivery issues
• Tools needed
• Testing

• Ease of Installation
• Tanks or inside a building
• Piping changes – welding or plastic

• Adaptability
• How flexible is each process to continual changes in treatment requirements/New permit limits?



Current Liquids Treatment Technologies
(Usually Treatment Trains)

• Separation Technologies

• Most Amenable to Leachate Treatment
• Activated Carbon

• Resin

• Mixed Media

• RO

• Deep Well

• Foam Fractionation

Source: NH Business Review 2018v

Source: Australian DOD 2018



Operational Issues

Technology Pros Cons

Granular Activated 
Carbon

• Effective for Long Chain PFAS
• Simple to Operate
• Simple to Change Media (Service)
• Can be reactivated and reused
• Many vendors/suppliers
• Relatively temperature insensitive
• Treated flow for dust control

• Needs RSSCT Test to evaluate breakthrough
• Large Quantities of spend media
• Needs good pretreatment -  Ultrafiltration, biological 

treatment (Pretreatment requires treatment waste 
disposal)

• Short chains PFAS breaks through quicker
• After saturation, needs changeout  - can be frequent
• Washout of media, especially after changeout, contains 

PFAS. Therefore, need backwashing after changeout
• Flow sensitive to prevent channeling/rat-holing
• Activated carbon may become fouled biologically reducing 

effectiveness. May need to bleed bleach
• Specialized equipment to prevent dust generation and 

uniform distribution in tanks
• Can be resource intensive over long times for testing and 

replacements



Operational Issues

Technology Pros Cons

Ion Exchange • Can remove most compounds, GenX
• Not flow sensitive
• Short detention time compared to 

other adsorbents
• Lasts longer than Activated Carbon, so 

less frequent changeout or 
regeneration

• Relatively temperature insensitive

• Needs Pretreatment and often Post treatment
• Other constituents interfere – iron, chlorides, TSS, etc.
• When will breakthrough occur?
• Regeneration at site of offsite, or disposal.
• If regenerated, results in concentrated PFAS stream
• Biological fouling
• Add bleach – may cause some IX to foul or become 

“blocky” – Gel types
• Replacement media very costly



Reverse Osmosis Leachate Process Flow

• Membrane Based Separation Process- 99.9% removal +/-

• Separates Water from Organic and Inorganic Compounds.

• Effluent for reuse or disposal. 

• What to do with Reject???
• Recirculation returns the contaminants

to the landfill.

• Solidification

• Evaporation – Crystallization
• Heat needed

• Air Emissions

• Other – 
• Electrochemical Oxidation

• Plasma
Courtesy: Rochem Corp



Operational Issues

Technology Pros Cons

Reverse Osmosis, NF • 2 or 3 stage very effective
• Robust monitoring available
• Some Mfg. do not require 

pretreatment (filters on skid)
• Membranes last years
• Permeate reuse on site for dust 

control

• Requires high pressures – big 
amp draw

• Problems with high TDS – 
permeate percentage reduced

• Generates large amounts of 
reject to manage

• Fouling - Cleaning 
frequency/chemicals

• Requires housing in a building
• Depends on membranes, may 

not remove all PFAS
• May need to be chained with 

other technologies



Deep Well Injection

• Depends on Geology, Receptors, Seismicity

• Long, Expensive Permit Time

• Pretreatment/Filtration, Ion Removal

• High Pressure Pumps

Sites in Michigan and Texas 
dispose of leachate in deep 
wells

Deep Well Injection



Operational Issues

Technology Pros Cons

Deep Well Injection • Others manage disposal • Pretreatment to prevent 
clogging formation

• Manage pretreatment residuals
• Can be costly
• Needs nearby disposal well
• Manage hauling trucks



First EPOC Foam Fractionation Pilot Test
on Leachate in the US!

• Removal of six Massachusetts PFAS to below drinking water standards

Foam Fractionation



Operational Issues

Technology Pros Cons

Foam Fractionation • Commercially available
• Internet support for process monitoring 

and changes
• Comes in 40-foot containers
• Can be located outdoors
• Low operating costs
• Low volume concentrate –needs 

solidification/destruction

• Pretreatment recommended
• Incomplete removal of all PFAS
• Skimming and disposal of foam
• Residual concentrated PFAS 

disposal/destruction
• Possible additional treatment of FF 

leachate/combined treatment
• Reactor plugging by fluoride salts
• Vary operational parameters by aeration 

rate, pH, temp. salinity, surfactants, stability, 
quality foam



Surface Modified Bentonite 
(Adsorbent)

• 3 minute EBCT
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Operational Issues

Technology Pros Cons

Surface Modified Bentonite
(FluoroSorb)

• Commercially available
• Monitor flow and pressures
• Clay plates separate and give longer 

life
• Longer bed life than activated 

carbon
• Research active – improvements 

coming!

• Pretreatment recommended
• Focus on PFAS, no removal other 

constituents
• Better at removal of long chain than 

short chain
• PFHxS, others  often bleeds through
• Static bed versus fluidized bed 

installation
• Replacement of media
• Treatment of expended media
• May bleed PFAS if not stabilized
• Possible post-treatment of leachate 



Evaporation

Courtesy: Heartl;and Courtesy Encon Evaporators



Operational Issues

Technology Pros Cons

Leachate Evaporators • Mature designs
• Significantly reduces volumes
• May be candidate for residuals 

or entire leachate flow

• Costly
• Significant design/construction 

time
• Large energy consumption
• Needs concentrate 

management
• May not remove all PFAS
• Some may be emitted in 

exhaust
• Visual plume maybe 

objectionable
• Public perception



Residuals Technologies

• Destruction 
• Incineration

• Plasma 

• Supercritical Water Oxidation

• ElectroChemical Oxidation

• Deep Well Injection

• Stabilization/Solidification
• Cementitious S/S

• Encapsulation (In totes or vessels)

• Holcim/ADC

• Return to the landfill

• Hazardous Waste Landfill Haul and Dispose



• EPA – 99.99% destruction at 
1,400 deg C at 1 second 
detention time

• DOD banned for a time

Incineration

Courtesy Heartland Heliostorm



Operational Issues

Technology Pros Cons

Incineration • Monitor flow, turbulence, temperature 
• Possible complete PFAS destruction
• Ship to offsite incineration 
• Mobile vendors can make periodic visits to 

manage stored concentrate to avoid costly 
construction

• Heartland’s Heliostorm operates at 3,000 
deg C – more complete destruction?

• Startup/shutdown procedures
• Long time to permit/construct
• Fuel usage
• Visual emissions/public concerns
• Possible recombining to other larger 

molecules
• Public concerns
• Expensive to install, operate, maintain



Plasma hydrocyclone
Water enters tangentially at the top, spins down, then exits at 
the center top forming a reverse vortex tornado flow.

Cyclonic separation of 
solids

Recirculation of plasma 
carrier gas (argon)

PLASMA  - TANK or VORTEX

ARGON

SOLIDS

Plasma Destruction



Operational Issues

Technology Pros Cons

Plasma Destruction • Monitor flow and pressures
• Daily operations may be minimal
• Best used for small volumes of 

concentrated PFAS removed by other 
processes (i.e., Foam Fractionation)

• Possible complete PFAS destruction 

• Under development
• May not remove or destroy all PFAS
• Long term operation requirements 

unknown
• Treat off-gas (Caustic or Carbon?)
• Power - Free and hydrated electrons in 

plasma (reductive reactants) break C-F 
bonds due to their very high energy (50 
to 100 eV)



• Water above 705oF and 3,200 lbs/in2 -
Rapidly destroys PFAS

• >99.99% removal under 10 seconds or less

• If organics, no additional fuel needed

• Creates HF – needs neutralization

Supercritical Water Oxidation (SCWO)

EPA, Jan 2021



Operational Issues

Technology Pros Cons

Supercritical Water Oxidation 
(SCWO)

• Monitor flow and pressures, gas 
emissions

• Daily operations may be minimal
• After initial Temp/pressure, may not 

require more energy
• Best used for small volumes of 

concentrated PFAS removed by other 
processes (i.e., Foam Fractionation)

• Possible complete PFAS destruction – 
results in inert ash

• Limited Suppliers
• Costly to run – depends on waste stream
• Corrosive gases - HF -Treat off-gas 

(Activated Carbon?), sequestering with 
calcium

• Long term operation requirements 
unknown

• May not removal all PFAS
• Materials of construction
• High Pressure/temperature
• High energy - Free and hydrated 

electrons in plasma (reductive reactants) 
break C-F bonds due to their very high 
energy (50 to 100 eV)



• Several Vendors
• ECT2; Aclarity; Sanexen; Siemens; OXbyEL; others 

• Power Requirements:
• 0.125 - 0.5 kwh/gallon

• 6 volts produces free electrons

• Electrode materials
• Titanium; boron doped diamond

• Single pass v. multiple pass

• Destroys ammonia too!

Electrochemical Oxidation

Various Equipment designs 



Operational Issues

Technology Pros Cons

Electrochemical Oxidation • Monitor flow and power feeds, gas 
emissions

• Daily operations may be minimal
• Operates at ambient temperature
• Small footprint 

• Limited Suppliers
• May need pre and post treatment 

may be required
• Long term operation requirements 

unknown
• Replacement materials – Expensive 

electrodes
• Generates toxic products, HF, 

Perchlorates formed – removal 
control

• Long processing time for PFAS 
destruction

• Power requirements



Leachate Residuals PFAS Stabilization

• CEC Solidification of SAFF

• 0.6:1 TCLP 99.9% retention all PFAS

Techniques:
Mixture of generic S/S amendments known to sorb PFAS*:
Powdered activated carbon (PAC), 
Iron oxide (Fe2O3) powder, 
Montmorillonite clay, 
Ground-granulated blast-furnace slag (GGBFS), and
Portland cement (PC)
Fluoro Sorb  

[PFOS] = 14,000 - 100,000 ng/Kg

[PFAS] = 2,500 – 17,000 ng/Kg

Tested with Fluoro Sorb from Cetco

Tests by Dan Cassidy, Western Michigan University  - 6% dose Fluoro Sorb achieved < 70 ppt [PFOA+PFOS] in 
leachate in all soils using TCLP Test. 
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Disposal:
Landfill 
Alternate Daily Cover



Fixation of Residuals 
(Holcim/Lafarge)

• Proprietary cement binder

• No free liquid (Paint Filter Test)

• Friable for use as Alt Daily Cover

Courtesy: Holcim/Lafarge



Operational Issues

Technology Pros Cons

Solidification • Possible disposal back to Landfill
• Simple, everyday type operation

• Does not destroy PFAS, but reduces 
mobility and leachability

• Tests to confirm no release
• May not be effective on all PFAS
• Volume and weight - Mass takes up 

airspace
• Time to cure before disposal
• ADC proposed – not commercially used
• Possibly costly based on volume of 

solidification materials



Current
 PFAS Market Players

Source: PFAS treatment market concentrates on waste reduction and total destruction, GWI, May 2021



Major Process Description Flow Rate 

Leachate Ultrafiltration Filtration + 

GAC 10,000 gpd $3,714,000 $4,642,000 $9,284,000 $524,000 $10,700,000 $405,000 $929,000 $0.2545

Leachate  MBR + FluoroSorb 
10,000 gpd $4,252,000 $5,315,000 $10,630,000 $635,000 $12,600,000 $463,000 $1,098,000 $0.3008

 Leachate RO  with Concentrator  
10,000 gpd $8,875,000 $11,094,000 $22,188,000 $697,000 $19,100,000 $967,000 $1,664,000 $0.4559

Leachate Foam Fractionation  
10,000 gpd $5,341,000 $6,676,000 $13,352,000 $286,000 $10,000,000 $582,000 $868,000 $0.2378

Leachate Zero Liquid Discharge 

Evaporator  10,000 gpd $6,266,000 $7,833,000 $15,666,000 $1,199,479 $21,600,000 $683,000 $1,882,479 $0.5157

Treatment 

Cost/Gal

Low CAPEX  

Less 20% Mid - Opinion

High CAPEX 

Plus 100%

CAPEX Range

Annual 

OPEX

Treatment 

System Life Cycle 

Cost - Present 

Worth

Mid opinion 

annual Capital 

Recovery Factor 

(CRF) = 0.087185

Combined 

Annualized Cost, 

CRF + OPEX

Cost Opinion of Various Leachate Pretreatment Alternatives



CAPEX Leachate Treatment @ 10,000 GPD
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CAPEX Impact of Size on Costs
Based on Foam Fractionation
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Annual OPEX @ 10,000 GPD
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Landfill Leachate PFAS Treatment and Disposal 
Cost/Gal (CAPEX and OPEX) @ 10,000 GPD
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Treatment Challenges

• Carboxylates (ex. PFOA) harder to remove than Sulfonates  (ex. PFOS)

• Longer chain easier to remove/destroy than shorter chain

• Many technologies focus on longer chain, shorter chain problematic

• Many technologies require multi step processes , time to permit & 
construct!!!

• Mixtures, precursors, co-contaminants means more testing

• Energy intensity means more costs

• Limited field-scale examples

• Life cycle costs?

• More testing and operations time



Questions?

Ivan A. Cooper, PE, BCEE

Civil & Environmental Consultants, Inc.

3701 Arco Corporate Drive

Charlotte, NC 28273

704-226-8074

icooper@cecinc.com
Principal

Civil & Environmental Consultants, Inc.

Charlotte, NC



PFAS Roundtable
NC SWANA November 17, 2023

Time Panelist Affiliation Description

3:15 – 3:30 Jeff Murray, PE HDR PFAS Plan 15 Update

3:30 – 3:45 Lindsay Boone Pace PFAS Analytical Methods

3:45 – 4:00 Joan Smyth, P.G. Smith Gardner PFAS Treatment 
Alternatives

4:00 – 4:15 Ivan Cooper, PE CEC Operational 
Requirements

4:15 – 4:30 Ivan Cooper, PE CEC Treatment Costs

4:30 – 4:45 Joan Smyth, P.G. Smith Gardner Time for Implementation

4:45 – 5:00 Panel Discussion and Q&A



Time for Implementation

Credit:  Minnesota Pollution Control Agency 

Joan A. Smyth, P.G. Senior Hydrogeologist



Treatment Challenges

Time needed?

Longer Than You Think



Considerations

• Where is the site?

• Gallons per day?

• Leachate chemistry?

• LFG system condensate too?

• Pre-treatment?

• Technology?

• Infrastructure?

• Used unit?

• Reject water/media disposal?

• Clean water disposal?

• Permitting?



Considerations

• Many systems will require pre-treatment
• Need to fill in data gaps?

• How long is the treatment train?

• Cost/O&M considerations

• Infrastructure 
• Design/bid/construction timing

• Remedial Technology
• Types of treatment needed

• Used system can be faster

• Time for design/bid/build



Considerations

• Clean water disposal via direct discharge?
• Class C swamp waters?

• Trout streams?

• Discharge stream - sufficient discharge?

• Direct discharge can add YEARS to permitting



Considerations

• Clean water disposal via WWTP



Two Case Studies

#1
• Purchase used Reverse Osmosis System

• Made system upfits

• POTW willing to accept clean water

Total time – Approximately 1 year



Two Case Studies

#2
• Site specific reverse osmosis system design

• Direct discharge to neighboring creek

Total time – Unknown – 3 years so far!



Summary

• There are many considerations that can add time
• Regulations are a moving target
• Permitting is uncertain
• The time to start design evaluations is now!



Discussion

Presenters:

Jeff Murray, P.E., BCEE - HDR

Lindsay Boone – Pace Analytical

Ivan Cooper, P.E., BCEE - CEC

Joan Smyth, P.G. – Smith Gardner, Inc.
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