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Learning Objectives
• Learn the about the evolving PFAS regulatory landscape and how that can 

affect IRP and MILCON projects

• Discuss how characterization and remediation are delayed by uncertainty in 
the end goals

• Discuss how remediation is delayed by uncertainty of treatment technologies 
and treatment goals  

• Learn about a novel remediation technique to optimize GAC usage

• How to use these lessons learned for future consideration in your projects



Agenda
• Programmatic Considerations 

• Considerations for Site Characterization and Remediation 

• Novel remediation technologies focused on PFAS residuals management

Useful for developing a scalable 
framework for PFAS remediation projects
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What are the Hurdles?
Based on discussions with our clients, the following are key hurdles/concerns: 
• The CERCLA process (including PFAS site identification) continues to evolve, and 

regulators are lukewarm about the DoW identification and action process
• New sites keep getting added!

• How does the DoW handle MILCON soil near an identified environmental site 
• How to coordinate with the ERP? 
• Are background conditions considered?  What is “clean” fill?  

• The PFAS with actionable risk-based screening levels continues to grow
• When and how do these get considered in the risk assessment process
• What is the timeline for “all” PFAS toxicity assessments?  Is there a total PFAS 

metric that could be considered?  
• How do we move to remediation while all of the above are still considered when we 

pretty much have quantified the major releases areas in soil and groundwater.



Considerations for Site 
Characterization and Remediation 

Considerations for Site 
Characterization and Remediation 



Why are PFAS RI/RAs different from legacy compounds?
• Changing regulatory risk-based screening levels (federal and state)
• Method 1633 – not a rapid analysis and does not promote EPA triad approach
• Other PFAS sources on base/installation not identified 
• Source to groundwater for very unique contaminants 
• Significant projected costs (~$10B and growing for DoW) for remediation to part per trillion 

concentrations
• Whose PFAS is it?  

• Anthropogenic background? 
• Source Differentiation

• Precursors transformations/analytical limitations 

“There are thousands of PFAS that remain unregulated and unlisted; 
the regulation of various individual PFAS and/or combinations of PFAS 
can make it difficult to reconcile the contrast between different media 
risk assessments, regulatory frameworks and state specific standards 
and guidelines,” ASTSWMO Open Letter 



Ex Situ Groundwater Treatment

Field Investigation 
Phase

Monitored Natural 
Retention/Recovery

HH - Unrestricted Use

Risk Assessment

HH – Current/Anticipated 
Land Use

Ecological Risk

Soil to Groundwater

Vapor Intrusion

Interim Action
(Based on identification of connected pathway(s) and unacceptable risk)

Wellhead treatment

In Situ Sorption

Alternate Water Supply Groundwater Intercept (i.e. 
Pump and Treat) 

Surface Water 
Treatment

Feasibility or Corrective Measures Study

Define Long-Term Remedial Goals and 
Assess Acceptable Remediation 

Timeframes

Soil/Sediment Current/Anticipated 
Receptors

Soil – Impact to Groundwater
• No GW MCL exceedances from soil
• No MCL exceedances at boundary

Surface Water
• No unacceptable HH/ecological 

receptor risk

Background PFAS 
Concentration(s) 

Development

Typical Cleanup Phases (Regulatory Framework)
Remediation/Corrective Action

In Situ Groundwater 
Stabilization

Ex Situ Soil Treatment

In Situ Soil Stabilization

Ex-Situ Surface Water Treatment

Generally phased 
investigation  approach

Subject to ever-changing 
guidance and regulations



RI Screening Levels: Which Ones?

• Human Health (federal and state)
• Residential 
• Commercial/Industrial 

• Ecological Screening Levels
• Soil-to-Groundwater Assessments
• All concentration focused 



HH Screening Levels: Groundwater over past 10 years



HH Screening Levels: Soil over past 10 years
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PFAS Soil to Groundwater Pathway 
• PFAS has unique properties that 

affect contaminant flux from soil 
to groundwater versus other 
organic compounds.  

• EPA generic SSLs (April 2025) do not 
account for PFAS characteristics 

• https://www.epa.gov/risk/regional-
screening-levels-rsls-generic-tables

• PFOS = 0.031 ug/kg
• PFOA = 0.061 ug/kg

• Therefore, site-specific (AOPI-
specific) porewater 
concentrations (i.e. lysimeters or 
SPLP) are often collected



PFAS Soil Concentration(s) to Impact GW Estimates  

SRS-MGWPFAS

13 ug/kgPFOS

2.9 ug/kgPFOA

NJDEP PFAS Leachability Assessment 

The soil concentration results and the SPLP 
leachate results were used to estimate the 
leaching potential for each sample.

The site-specific soil remediation standards for 
the migration to ground water exposure 
pathway (SRS-MGW) was based on GW 
standards of 13 ng/L (PFOS) and 14 ng/L 
(PFOA).



PFAS Background
Statistical Analysis
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HH Screening Levels: Soil over past 10 years
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PFAS CSM Refinement - Mass Discharge
• Many guidance documents on source strength assessments.  Example: AF 

Guidance for Soil to Groundwater (29 January 2025)
• Provides suggested DQOs and methodologies for soil to groundwater assessments when 

lysimeters are used
• Provides methods to assess source strength (i.e. vertical mass discharge in grams per year) 

• Quantified Source Strength(s) can support mass flux assessments (soil and 
groundwater)

• Dissolved phase PFAS mass flux/discharge assessments can be performed to assess 
aquifer’s attenuation/retention capacity

• Can be used to help reveal additional potential sources to groundwater

ITRC’s Enhanced Attenuation: Chlorinated Organics (ITRC 2008) defines 
a mass balance assessment as including a quantitative estimation of 
the source strength (i.e., source zone mass discharge) into a dissolved 
phase plume, which is then compared to the plume attenuation rate. 
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Mass Discharge (Md) Example 

Scenario 1: Md > the plume attenuation rate
dissolved plume will expand in length

Transect 1 Transect 3Transect 2

5.2x10-3 ng/L

235 g/yr

68 g/yr
188 g/yr 69 g/yr

-167 g/yr
-119 g/yr

+120 g/yr?

PLUME

GROUDNWATER FLOW

AFFF/PFAS

Scenario 2: Md = plume attenuation rate
plume will be stable

Scenario 3: Md < plume attenuation rate
mass delivered by the plume will decrease 

AFFF/PFAS
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Prioritizing Remediation 

• Validated destructive technologies are limited – more to come
• Groundwater plumes are large and are often co-mingled with other PFAS sources
• PFAS Monitored Retention (PMR) proposal/consideration for groundwater plumes as 

part of risk management decision making process 
• Mass discharge metrics can support remediation prioritization 

• Sources discharge that exceed aquifer attenuation capacity with connected receptors 
should be prioritized

• Strategic source removal (i.e. scalable reduction in mass discharge) to support PMR 
as an alternative.   Can be used to ensure exposure mitigation for groundwater, which 
will optimize resource allocations.  

• Sources discharge that are less than the aquifer attenuation capacity and no 
connected receptors could be strong candidates for PMR assessments and risk 
management as interim and potentially final remedy.



PFAS Forensics 
• Why is it important/When 

does it happen in an RI
• Method 1633 – not a rapid 

analysis and does not 
promote EPA triad approach

• Other PFAS sources on 
base/installation not identified 

• Whose PFAS is it?  
Anthropogenic background?  

• Source to groundwater for 
very unique contaminants 



K-Means Clustering Biplot Visualization of PCA

Leveraging ML Techniques



Visualization of Analytical Results 

Recreational Lake

TOP Assay Results
Possibility of Precursors in 

Installation?



RemediationRemediation



Emerging Technologies 
for Solids
Emerging Technologies 
for Solids

Remediation Readiness and Maturity 



PFAS Residuals 
Management



PFAS Fate During Thermal Reactivation???



Maximum Contaminant Levels (MCLs), for
six PFAS in drinking water

Remediation Systems and Drinking 
Water Utilities

Building New Treatment Systems or
Upgrading Existing Systems The Most Widely Adopted Technology

What happens to spent GAC?
Do we even have enough

GAC to treat all the PFAS? GAC

Granular Activated Carbon



A technology that can be used on-site and does not require solvent or high temperature!

Spent 
GAC

Thermal 
Treatment

Organic 
Regeneration

High temperatures, up to 1000 °C 
Remove & destroy adsorbed contaminants

Concerns regarding byproducts – release of VOFs

Organic solvents with basic additives 
Disrupt the hydrophobic interactions 

High pH
Make the sorbent surface more negatively charged

Create an electrostatic repulsion to weaken the attraction of PFAS anions

Current Strategies for Spent GAC



• Detaches and precipitates out 
PFAS from loaded GAC

• Removes concentrated semi-solid 
PFAS with simple filters for 
destruction

• Regenerates media and restores 
adsorptive capacity

Sequential Flow of Regeneration Solutions

PFAS Impacted 
Water

Clean Water

Adsorption to GAC

PFAS Concentrate

Regeneration 
Solutions

Desorption of PFAS

Patent No: US 11958763. IssuedApril 2023

Ionic Water’s Fluorinse

Novel Non-Organic Regeneration – Fluorinse TM



1. Cations in
Fluorinse have higher 
affinity for PFAS than 
GAC => PFAS desorbs

2. Desorbed PFAS are 
flushed from column 
and agglomerate to 
reduce polar 
interactions with water

3. Outside of 
column, PFAS forms 
larger agglomerates 
and ripens

4. Agglomerates are 
filtered with standard 
pore size bag filter from 
regeneration fluid before 
recirculation

Chemistry Behind FluorinseTM Method



Fluorinse Process is effective on a wide 
variety of PFAS compounds as measured by 

extraction of spent and regenerated GAC

Different Non-Organic Regeneration Recipes



GAC
Extraction

Regeneration 
Solutions

Low Surrogate 
Recoveries

Underestimation of PFAS 
Concentrations in Spent 

GAC
High pH

Ionization Problem 
with Direct Injection/ 

Solid Phase Extraction

Analytical Challenges



Virgin GAC with Spiked PFAS



Spent GAC from a Public Drinking Water Facility



AFFF-Impacted GAC from DoW Sites

Total PFAS = ~15 mg/kg



Adsorption Capacity after 
Regeneration 

Preliminary Mass Balance  
Beaker Study

Adsorbed on GAC

Soluble/Suspended Salts

Filtered Salts
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Potential Sources:
• Unfiltered

precipitates
• PFAS adhering to

glassware
• Analytical method

artifacts

Optimizing analytical
methods will serve

in better 
understanding the
PFAS mass in each

phase.



EA/Ionic Mobile Unit



On-Site Regeneration

Lag 
Tank

(1)
Regen 
Rinses

Filters

Pump

Prefilters
Lead 
Tank

Pump Post 
Processing Treated Effluent

PFAS
contaminated 
source water

Lead tank decoupled. Water can 
still be filtered by lag tank

PFAS concentrated 
in filters



Lag 
Tank

Filters

Pump

Prefilters
Lead 
Tank

Pump Post 
Processing Treated Effluent

PFAS
contaminated 
source water

Lead tank decoupled. Water can 
still be filtered by lag tank

PFAS Concentrate

EA/Ionic Regeneration



Take-Home Messages

•PFAS site management must integrate forensics, meta-analysis, and treatment 
selection

•Full life-cycle assessment is the key

•Solids and spent residuals should be managed strategically

•Still concerns associated with in-situ adsorbative technologies and longevity of media 

•Spent GAC management is a critical bottleneck.

•Non-organic regeneration (Fluorinse ) offers a viable path forward

•Next step: bridge research to practice
•by piloting regeneration processes, closing PFAS mass balances, and integrating 
destruction of concentrates.



Q&A / Discussion



Contact Us

Mahsa Modiri PhD, PE

mmodirig@eaest.com

Michael Hertz, PG

mhertz@eaest.com



Sparce PCA all 
Sources

Sparce PCA Impacted 
Watershed

Leveraging ML Techniques



Visualization of Analytical Results


