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Outline
 Fundamentals
 Leaching‐based screening values
 Anthropogenic background
 Screening approaches

The focus of this presentation is on PFOA and PFOS. 
PFAS, including PFOA and PFOS precursors, have 

widely ranging chemistries and properties.
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Soil is a key media for many releases
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Soil is a key media for many releases
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Soil is a key media for many releases
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Soil

Groundwater

U.S. Air Force sites 
histogram of PFAS 
Soil‐GW Ratios1

 8 orders of 
magnitude 
variation 

1. 324 AFFF sites, sum of 18 PFAS, source‐zone soil and GW. Anderson, Adamson, and Stroo. (2019). 
Journal of Contaminant Hydrology, 220 59‐65: 
https://doi.org/10.1016/j.jconhyd.2018.11.011 



Soil Screening Value Calculation
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Soil Screening Value Calculation
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1. “GW Values” and “Soil to GW Protection Values” used for calculating ratios were largely obtained from the 
ITRC fact sheet spreadsheet updated June 2020 (https://pfas-1.itrcweb.org/fact-sheets/). Some proposed or 
draft values, which may be on-hold or now replaced with updated values, are also included.
2. “GW Values” and “Soil to GW Protection Values” were paired based on the availability of data. The soil 
values were not necessarily developed based on protecting against the indicated GW values.
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1. “GW Values” and “Soil to GW Protection Values” used for calculating ratios were largely obtained from the 
ITRC fact sheet spreadsheet updated June 2020 (https://pfas-1.itrcweb.org/fact-sheets/). Some proposed or 
draft values, which may be on-hold or now replaced with updated values, are also included.
2. “GW Values” and “Soil to GW Protection Values” were paired based on the availability of data. The soil 
values were not necessarily developed based on protecting against the indicated GW values.

378 ng/kg
400 ng/L
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1. “GW Values” and “Soil to GW Protection Values” used for calculating ratios were largely obtained from the 
ITRC fact sheet spreadsheet updated June 2020 (https://pfas-1.itrcweb.org/fact-sheets/). Some proposed or 
draft values, which may be on-hold or now replaced with updated values, are also included.
2. “GW Values” and “Soil to GW Protection Values” were paired based on the availability of data. The soil 
values were not necessarily developed based on protecting against the indicated GW values.

530 ng/kg
70 ng/L
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1. “GW Values” and “Soil to GW Protection Values” used for calculating ratios were largely obtained from the 
ITRC fact sheet spreadsheet updated June 2020 (https://pfas-1.itrcweb.org/fact-sheets/). Some proposed or 
draft values, which may be on-hold or now replaced with updated values, are also included.
2. “GW Values” and “Soil to GW Protection Values” were paired based on the availability of data. The soil 
values were not necessarily developed based on protecting against the indicated GW values.

5,200 ng/kg
100 ng/L

SESOIL + AT123D
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1. “GW Values” and “Soil to GW Protection Values” used for calculating ratios were largely obtained from the 
ITRC fact sheet spreadsheet updated June 2020 (https://pfas-1.itrcweb.org/fact-sheets/). Some proposed or 
draft values, which may be on-hold or now replaced with updated values, are also included.
2. “GW Values” and “Soil to GW Protection Values” were paired based on the availability of data. The soil 
values were not necessarily developed based on protecting against the indicated GW values.

2,000 ng/kg
20 ng/L
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1. The intent of this aggregate comparison is to contextualize the regulatory and guidance values. The individual data in 
this study were not collected for comparison to regulatory or guidance values and should not be used for that purpose. 
2. “Soil to GW Protection Values” were largely obtained from the ITRC fact sheet spreadsheet updated June 2020 (https://pfas-
1.itrcweb.org/fact-sheets/). Some proposed or draft values, which may be on-hold or now replaced with updated values, are also 
included.
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1. The intent of this aggregate comparison is to contextualize the regulatory and guidance values. The individual data in 
this study were not collected for comparison to regulatory or guidance values and should not be used for that purpose. 
2. “Soil to GW Protection Values” were largely obtained from the ITRC fact sheet spreadsheet updated June 2020 (https://pfas-
1.itrcweb.org/fact-sheets/). Some proposed or draft values, which may be on-hold or now replaced with updated values, are also 
included.
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1. The intent of this aggregate comparison is to contextualize the regulatory and guidance values. The individual data in 
this study were not collected for comparison to regulatory or guidance values and should not be used for that purpose. 
2. “Soil to GW Protection Values” were largely obtained from the ITRC fact sheet spreadsheet updated June 2020 (https://pfas-
1.itrcweb.org/fact-sheets/). Some proposed or draft values, which may be on-hold or now replaced with updated values, are also 
included.

NHDES S‐1 Direct Contact Screening Values: 
100,000 ng‐PFOS/kg  &  200,000 ng‐PFOA/kg 



PFOA Chemical Structure

Fluorocarbon tail
 Hydrophobic
 Lipophobic
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Functional group
 Hydrophilic
 High solubility
 Low volatility
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Ionic skeletal and 3D models

Branched isomer models

Surfactant

F
F F F FF F F O

O
(–)

F F FF F F F

Throughout the presentation, PFOA molecules are illustrated. These illustrations are not to scale, and 
numerous other details are not shown, including counterions, water molecules, and solids molecules.



General Phase Partitioning
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constant for 
known or 
assumed 
conditions

AirSolid Liquid

Simplified model
 Three soil phases
 Described with partition 
coefficients
 Steady‐state, equilibrium



PFOA/PFOS Phase Partitioning
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Surfactant 
behavior 

(at higher conc.)

AirSolid Liquid

Electrostatic 
interactions

Hydrophobic 
sorption

Li et al. (2018)1 

 Not just       
Kd = Koc × foc

1. Li, Oliver, and Kookana. (2018). Science of the Total Environment, 628‐629 110‐120: 
https://doi.org/10.1016/j.scitotenv.2018.01.167



PFOA/PFOS Phase Partitioning
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Air
Water

AirSolid Liquid

Liquid
Air

Brusseau et al. (2019)1 and Guo et al. (2020)2 
 >80% total retention
 Greater retention in sand vs. finer‐grains

Dr. Linda Abriola SERDP/ESTCP air‐
water and NAPL‐water interface 

partitioning presentation:
https://www.youtube.com/user/SE

RDPESTCP

1. Brusseau, Yan, Van Glubt, Wang, Chen, Lyu, Dungan, Carroll, Holguin. (2019). Water Research, 148 41‐50: 
https://doi.org/10.1016/j.watres.2018.10.035
2. Guo, Zeng, and Brusseau. (2020). Water Resources Research, 57: https://doi.org/10.1029/2019WR026667



Key Factors:
 Soil and water chem, e.g.
 Organic carbon
 Co‐contaminants
 pH & surface charge
 Major ions

 PFOA/PFOS concentration
 Previous conditions

PFOA/PFOS Phase Partitioning
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nonlinear

hysteresis

Not to scale

For more information, see ITRC PFAS Technical and  Regulatory Guidance Document:
https://pfas‐1.itrcweb.org/5‐environmental‐fate‐and‐transport‐processes/#5_2



Field Conditions Phase Partitioning
 Hydraulics
 Microscale
 Macroscale

 Kinetics/mass transfer

Field conditions: 
 Approach equilibrium 
 Complex/variable
 Heterogeneous
 Cannot replicate in a lab

 Delicate
 Disturbed by sampling

21



Soil Analysis Methods
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Soil Analysis Methods
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Soil Analysis Methods
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Soil Analysis Methods
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Soil Analysis Methods
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Soil 
sample

Solids
analysis

SPLP Column 
testing

Lysimeter

Different analyses provide different information.
Interpret leaching results in context of CSM.

Multiple lines of evidence can help – including GW 
concentrations.



PFOA Atmospheric Deposition Case Study

28Column testing and photographs by XDD Environmental, LLC.
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Summary
Leaching
 Wide‐ranging field data
 Default models not built for PFOS/PFHxS/PFNA/PFOA
Leaching‐Based Screening Values
 Typically lower than direct contact‐based values
 Variety of methods and large range of values
Anthropogenic Background
 PFOS/PFHxS/PFNA/PFOA present in many background soils
 Lower leaching‐based screening values at or below VT 

background
 Background leaching values not known
Screening Approaches
 Underlying assumptions for interpretation are important
 Consider more empirical and complex tools
 Multiple lines of evidence

34



[ Boston, MA | Burlington, VT | Concord, NH | Denver, CO | Philadelphia, PA | Westford, MA ]

This presentation may contain copyrighted material. Typically, citations are provided for information purposes for information and data used from third parties. This educational 
presentation is a summary overview and does not replace professional judgment. Please contact the authors prior to any use, copying, or distributing of the materials. 

Questions and Comments 
Appreciated!

Thank you to collaborators, including:
ITRC Team
Steve Zemba, PhD, PE
Chip Crocetti, PhD, PG
Russ Abell, PG, LSP
Wenyu Zhu, PhD
Appala Raju Badireddy, PhD
Scott Crawford, PE
Laurel Crawford

hroakes@sanbornhead.com
D  603.415.6156
M 207.337.3662

Harrison Roakes, PE
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Occurrence Information



Map data current through 02/03/2020

> Former AGQS (70 ppt)

MCLs/AGQS

MCLs/AGQS

MCLs/AGQS

MCLs/AGQS

PFAS impacts to groundwater are known at                                               
more than 80 public water sources and 
more than 400 contaminated sites. 

LEGEND

https://www4.des.state.nh.us/nh-pfas-investigation/



PFAS impacts to groundwater are found at 
NH’s contaminated sites.

Approx. 
Sites 

Sampled
435

Approximate data through 03/31/2020

% Sites > 
AGQS
70%



Soil quality data is currently limited to 
about 20 contaminated sites. 

• Sampling frequency, location, and depth varies 
based on release type, receptors and risk, migration 
pathways, and soil types

• Methods and analytes vary 

• Current HWRB recommendation:                  
isotope dilution using LC-MS/MS 
compliant with US DoD/DOE 
Quality Systems Manual (QSM) 
5.3 (or later)



NH Regulatory Overview



Contaminated Sites Management –
Env-Or 600

• Soil Remediation Standards (SRS) – Env-Or 606.19
• Apply to contaminated soil resulting from a discharge
• Table 600-2 does not currently include PFAS – considers 

risk by both:
• direct contact – see screening values 
• leaching from soil to groundwater – not yet developed, see 

USGS study

• Contaminated Soil – Env-Or 611
• Manage soil to protect human health and the 

environment
• Provides soil sampling frequency for off-site treatment 

or disposal

https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/2020-01/Env-Or%20600.pdf



NHDES has established direct-contact risk-
based guidance values. 

https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/2020-01/rcmp-appendix-a-e.pdf

Direct Contact 
Soil Screening 

Value

Concentration

(micrograms per kilogram [μg/kg])

S-1 S-2 

PFNA 100 900

PFOA 200 1,300

PFOS 100 600

PFHxS 100 900

https://www4.des.state.nh.us/nh-pfas-investigation/wp-content/uploads/PFAS-DCRB-value-121119.pdf



Some states have published soil values to be 
protective of groundwater as drinking water.

Agency USEPA AK FL ME MA MI NE NY NC TX
Year 2018 2017 2019 2018 2019 2016 2018 2020 2018 2019

PFAS RSL CL PSCTL RAG

S-
1,

2,
3/

 
G

W
-1 GSIPC 

(SW) RG GV PSRG
PCL

0.5 acre 
source

PCL
30 

acre 
source

PFNA -- -- -- -- 0.32 -- -- -- -- 3 1.5
PFOA 0.172 1.7 2 9.5 0.72 10 0.60 1.10 17 3 1.5
PFOS 0.378 3.0 7 21 2 0.24 0.78 3.70 -- 50 25

PFHxS -- -- -- -- 0.3 -- -- -- -- 2 1
PFHpA -- -- -- -- 0.5 -- -- -- -- 4.6 2.3

PFDA -- -- -- -- 0.3 -- -- -- -- 22 11
PFBS 130 -- -- 7,100 -- -- -- -- 910 110 53

Notes:
• Values depend on drinking water standards
• TX also has values for nine other PFAS

Based on: https://pfas-1.itrcweb.org/fact-sheets/ (Updated January 2021)



Management of Certain Wastes –
Env-Sw 900

• Contaminated Soils – Env-Sw 903
• Applies to management of soils with contamination (not 

soils managed on-site pursuant to Env-Or 600)
• Considers collection, storage, transfer, processing, 

treatment, transportation, and disposal 
• Outlines reuse requirements and limitations 

https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/2020-01/Env-Sw%20900.pdf



Alteration of Terrain –
Env-Wq 1500

• Criteria for Permanent Methods for Protecting 
Water Quality – Env-Wq 1507

“… no infiltration practice, filtering practice, groundwater 
recharge practice, treatment swale, pretreatment swale, or 
sediment forebay shall be located…” where contaminant 
concentrations: 

• In groundwater are > AGQS   
• In soil are > site-specific soil standards (or SRS)

https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/2020-01/Env-Wq%201500.pdf



USGS Soil and Biosolids Study



Problem Statement
The levels by which PFAS contamination in NH’s 

soil and biosolids might leach to cause                      
PFAS groundwater contamination                              
in excess of AGQS are unknown.

This project, completed the US Geological Survey 
(USGS) New England Water Science Center, 

in cooperation with NHDES,                                       
will generate data to be used to assess this issue.  



Project Objective and Tasks

• Task 1 – Conduct a statewide survey of the occurrence of 
PFAS in shallow soil and select biosolids

• Task 2 – Investigate sediment/water partitioning for target 
PFAS in soil and biosolids, and evaluate potential 
partitioning coefficients (kd values)

• Task 3 – Compare the laboratory derived partitioning data 
with field observations   



Task 1 – Occurrence biosolids and soil

Conceptual Soil Sampling Locations

• 5 Biosolids Samples
• Anaerobic digested cake (2)
• Lime stabilized cake
• Wood ash stabilized cake
• In-vessel (aerobic) compost

• Undisturbed Soil  
• Avoid known contaminated 

sites 
• Depths 

• 0” to 6”                         
(100 locations)

• 6” to 12”                          
(50 locations)

• 0” to 36”                           
(6 locations)

• Analytical suite
• PFAS (36)
• TOPA
• TOC
• pH



Task 2 – Partitioning bench studies  
• Source Materials 

• 5 soils 
• 3 biosolids

• Types of tests 
• Batch testing
• Column testing

• Artificial PFAS spikes
• Variable parameters (relevant 

to NH precipitation/ 
groundwater)

• pH 
• Ion concentration

• Analytical suite
• PFAS (36)
• TOPA
• Fe, Al
• Select cations/anions
• AEC/CEC
• Organic carbon 
• pH 
• Protein 



Task 3 – Field investigation 
• Field sites

• Contaminated Site
• Biosolids Land 

Application Site
• Soil borings for soil 

characterization 
• Monitoring well installations 

for groundwater quality 
samples

• Lysimeter installations for 
unsaturated zone samples 

• Analytical suite
• PFAS (36)
• TOPA
• Select cations/anions
• Organic carbon
• pH 



Q4       
2020

Q1 
2021

Q2 
2021

Q3 
2021

Q4 
2021

Q1 
2022

USGS Schedule

Project 
Setup

Task 1

Task 2

Task 3

Reporting



Closing



Next Steps and Other Considerations

• Evaluate findings from Soil and Biosolids Study
• Soil quality data collection using new validated and 

standardized analytical methods 
• Assessment of remedial alternatives (RAPs)
• Consider other PFAS (including precursors)
• Review new studies (e.g., SERDP/ESTCP research, other 

states, academia, etc.) 



Contact Information and Resources
NHDES Hazardous Waste Remediation Bureau
29 Hazen Drive, PO Box 95
Concord, NH 03302-0095

Kate Emma A. Schlosser, P.E.
Emerging Contaminants Section Supervisor
Phone: (603) 271-2910 
email: KateEmma.A.Schlosser@des.nh.gov

NHDES PFAS Website: 
https://www4.des.state.nh.us/nh-pfas-investigation/

ITRC PFAS Resources: 
https://pfas-1.itrcweb.org/
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PFAS & Development – Things to Consider

Recognized 
Environmental 

Conditions (RECs) –
means the presence or 

likely presence of 
“hazardous substances
or petroleum products 

in, on or at a 
property…”

PFAS are not listed 
“hazardous substances” 

under CERCLA, or as 
“hazardous wastes” 

under RCRA

…ASTM standards do 
not specifically require 
assessing PFAS as part 

of a Phase I 
Environmental Due 

Diligence

Phase I Environmental Site 

Assessments (ASTM E1527-13)



PFAS & Development – Things to Consider

➢ Guidance document refers to OneStop and PFAS database reviews

➢ Should include due diligence/source screening. Consider property 

history/use:

- Biosolids application/fields - Fires

- Septic system - Fill material 

NHDES AoT (December 2020): Guidance Document: Screening 
Alteration of Terrain Project Areas for Contaminants for the 

Purpose of Evaluating the Impacts of Infiltration

Alteration of Terrain regulations (Env-Wq 1507.02(c)) adopted in 2009 
include a prohibition on infiltration of stormwater in areas that have 
contaminants in groundwater at levels above the ambient groundwater 
quality standards (AGQS) established in Env-Or 603.03; or in soil with 
contaminants at levels above site-specific soil standards developed pursuant 
to Env-Or 606.19. This document provides guidance in evaluating project 
areas for the applicability of this regulation.



PFAS & Development – Things to Consider

Contamination? 

Yes (or maybe)

Locate infiltration 
to avoid 

contamination

Evaluate 
potential impact 

of infiltration

No
Design without 

restriction

No on-site 
infiltration

Demonstrate no 
impact / waiver

Waiver considerations:

- Geologic/hydrogeologic setting                           - Receptors

- Area of infiltration/volume pre & post             - Area of recharge relative to

development                                                                           contamination



PFAS & Development – Case Study #1

NHDES PFAS SAMPLING (arcgis.com)

https://nhdes.maps.arcgis.com/apps/View/index.html?appid=66770bef141c43a98a445c54a17720e2&extent=-73.5743,42.5413,-69.6852,45.4489


PFAS & Development – Case Study #1



➢ Stormwater – submit Waiver Application in 

accordance with Env-Wq 1509.03

PFAS & Development – Case Study #1



➢ Soil – To sample or not to sample… that is the 

question
?  How would you sample ?

?  What would you sample for ? 

?  What would you compare results to ?

?  What are implications if you find high levels in soil 

? 

PFAS & Development – Case Study #1



PFAS & Development – Case Study #2

➢ Unlined, uncapped historical landfill/burning dump closed in the 

1960s

➢ Site developed in late 1960s (slab-on grade construction)

➢ High water table

➢ Property acquisition in 2020

➢ Due diligence identified on-site contamination and PFAS 

impacts on an adjacent site 

➢ Subsequent sampling for VOCs, metals, PCBs

➢ PFAS sampling completed after acquisition as part of 

redevelopment planning under Brownfields regulations

➢ No soil sampling, but PFAS in groundwater (100s ppt) 



PFAS & Development – Case Study #2

➢ 2021 redevelopment planning

➢ AoT application underway

➢ Soil Management Plan required by NHDES 

(likely with dust control and decon, OSHA 

requirements?)

➢ Design proactively considering options to 

minimize/eliminate off-site soil disposal 

➢ Sample imported topsoil/organic material 

and fill

➢ Dewatering



Key Take-Aways

➢ Traditional due diligence (ASTM E1527) does not specifically 
require assessing PFAS

➢ AoT regulations (adopted in 2009) include a prohibition on 
infiltration of stormwater in areas that have contaminants in 
ground at levels above AGQS or in soil with contaminants at 
levels above SRSs

➢ Applies to all contamination, not just PFAS

➢ No SRS for PFAS = uncertainty

➢ Soils with leaching potential may be those with 
concentrations below Direct Contact values

➢ Soil handling during development/site work = liability 

➢ Detections = contaminated soil 

➢ Limited disposal facility options = $$$

➢ Evaluate (sample?) fill soils brought on-site
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Context in Which PFAS Being Addressed
▪ In 2016, EPA updated short-term Provisional Health Advisory values for 

PFOA (400 parts per trillion [ppt]) and PFOS (200 ppt) to a Lifetime Health 
Advisory (LHA) of 70 ppt for PFOA and PFOS, individually or in combination, 
in finished drinking water

▪ EPA stated the LHA was calculated “to provide Americans, including the 
most sensitive populations, with a margin of protection from a lifetime of 
exposure to PFOA and PFOS from drinking water”

▪ In 2018, the Center for Disease Control’s ATSDR reported that exposure to 
lower levels of PFOS and PFOA than EPA’s LHA could cause increased cancer 
risk and other human health issues

▪ In late 2019, EPA issues a separate  health advisory setting 70 ppt as the 
recommended cleanup level for these PFAS compounds in groundwater

© Sullivan & Worcester LLP2 3/9/2021



Context in Which PFAS Being Addressed
▪ The LHA is a non-regulatory and non-legally enforceable value intended to 

provide guidance to federal, state, and municipal governments for 
addressing PFOA and PFOS contamination in public water systems and 
private potable wells

▪ States left to fill the void by establishing their own requirements to address 
PFAS contamination

▪ Some states, including New Hampshire, have developed drinking water 
standards for PFOA, PFOS and other PFAS compounds that are significantly 
lower than EPA’s LHA guidance

▪ Differences due to considerations including more recent scientific studies, 
more sensitive toxicological endpoints and/or more stringent exposure 
parameters

© Sullivan & Worcester LLP3 3/9/2021



Context in Which PFAS Being Addressed
▪ Occurring in an atmosphere in which the public has a heightened level of 

concern about potential health risks

▪ It is believed that most people have PFAS in their blood serum – from 
exposure to PFAS compounds in drinking water, other environmental media, 
and a variety of consumer products

▪ Studies have linked PFAS, particularly PFOA and PFOS, to reproductive 
problems; low birth weights and developmental delays; liver, thyroid, kidney 
and immunological problems; and placed some people at a higher risk of 
testicular and kidney cancer

© Sullivan & Worcester LLP4 3/9/2021



Context in Which PFAS Being Addressed
▪ Evolving regulatory and policy landscape in which differing approaches and 

parameters are being established by States for differing PFAS compounds in 
varying environmental media

▪ Approved analytic methodologies for only a handful of the thousands of  
PFAS compounds

▪ Testing and clean-up requirements are costly and unclear who will conduct 
or pay for them

▪ In litigation, the chemical companies continue to highlight the scientific, 
legal and regulatory uncertainties regarding harm from PFAS compounds, 
asserting a lack of concrete proof of a clear causal connection between PFAS 
exposure and health problems

© Sullivan & Worcester LLP5 3/9/2021



Addressing Potential PFAS Risks in 
Development Projects and Transactions
▪ In July 2020, NH Governor Sununu signed into law legislation establishing 

MCLs and ambient groundwater quality (AGWQ) standards for the following 
four PFAS compounds: PFOA (12 ppt); PFOS (15 ppt); PFHxS (18 ppt); and 
PFNA (11 ppt)

▪ Previously, in November 2019, the NH Environmental Health Program 
released direct contact risk-based (DCRB) soil concentrations for those same 
four PFAS compounds at levels considered protective in residential and 
maintenance worker settings. NH is only one of several states with soil 
screening health standards

© Sullivan & Worcester LLP6 3/9/2021



▪ These guidance values are intended to account for exposures that may 
result from incidental ingestion or dermal contact with soils that are PFAS-
impacted due to emissions or direct discharges from PFAS sources. However, 
these DCRB concentrations were not established to address potential risks 
from leaching of PFAS compounds from soil into groundwater of potable 
water systems

▪ Rather, a study presently is being conducted state-wide by USGS on DES’s 
behalf to evaluate the range of PFAS concentrations that occur in shallow 
soils and selected land-applied biosolids. The results will assist NHDES in 
developing standards to protect water resources in the State 

7 3/9/2021© Sullivan & Worcester LLP

Addressing Potential PFAS Risks in 
Development Projects and Transactions



▪ In light of the foregoing, soil sampling of the four PFAS compounds is 
suggested before engaging in a development project in areas where there is 
reason to believe PFAS may be present. An analysis applying the direct soil 
contact guidance values, as well as any future soil leaching standards, also 
should be conducted

▪ Depending on the results, groundwater sampling may be considered. 
However, sampling of soil or groundwater may not be necessary because 
much monitoring of groundwater and drinking water, and soil and biosolids 
already has been conducted throughout New Hampshire, and applicable 
data may be available for review

8 3/9/2021© Sullivan & Worcester LLP
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▪ Data collected or obtained should help determine whether there are 
regulatory disclosure or remedial requirements, and whether there is a need 
to use safety apparel and equipment, or specially tailored soil management 
and storm water pollution protection plans.

▪ During diligence, a prospective buyer should ensure that PFAS is included in 
the phase 1 report. A phase 1 investigation conducted under ASTM E 1527 is 
focused on hazardous substances (CERCLA) and petroleum. Currently, PFAS 
is not designated a hazardous substance; thus, it should be included 
specifically in the consultant’s scope of work

9 3/9/2021© Sullivan & Worcester LLP
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▪ In diligence, PFAS issues will lead to an increased focus on the historical uses of the 
property (manufacturing operations, etc.); the facility’s location (neighboring uses and 
even longer range—potential airborne or waste hauler or piping transport of PFAS); 
and drinking water status of the community

▪ If past PFAS use at the target property is of concern, diligence should include a closer 
look at whether the surrounding community has had problems with PFAS in municipal 
or private wells, or in shallow soils. A prospective property purchaser also should 
consider a phase 2 investigation if information collected during phase 1 identifies the 
presence or reasonable likelihood that PFAS may be present on the property. However, 
sampling of environmental media may not be necessary as much sampling of 
groundwater and drinking water, and soil and biosolids already has occurred 
throughout New Hampshire, and relevant geographic data may be available for review

10 3/9/2021© Sullivan & Worcester LLP
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▪ In preparing acquisition agreements, buyer should be mindful that absence 
of current regulation of PFAS, or only in certain environmental media does 
not mean that regulation won’t occur in the future. A representation and 
warranty that there has been no release of hazardous materials that 
requires reporting to a government agency might not capture releases of 
PFAS (depends on the state), but could lead to liability in the future

▪ Consideration should be given to obtaining environmental insurance if 
coverage includes PFAS and appears cost-effective relative to the potential 
risk

▪ Consideration also should be given to potential risks of off-site disposal at 
landfills or elsewhere, if PFAS may be an issue

11 3/9/2021© Sullivan & Worcester LLP
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FireFighting Foam is a Major Source of PFAS
▪ PFOS and, to a lesser degree, PFOA, is found in firefighting foam

▪ Aqueous Film Forming Foam (AFFF) used since the 1970s to extinguish flammable 
liquid and gas fires, particularly at military bases throughout the U.S., as well as at 
airports and by local fire departments

▪ AFFF has special characteristics in extinguishing petroleum fires that make it 
difficult to replace

▪ In early aughts, manufacturers began to phase out making AFFF containing PFOS; 
but formulations containing other long-chain PFAS compounds, including PFOA, 
continued to be made in U.S. until at least 2016

▪ Sampling conducted for NHDES identified PFOA and PFOS from AFFF in 
groundwater and drinking water sources throughout New Hampshire, including at: 
fire stations, locations at which fire training exercises were held, and the former 
Pease Air Force base in Portsmouth
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FireFighting Foam is a Major Source of PFAS
▪ In the State’s lawsuit against AFFF manufacturers, distributors and marketers 

for damaging natural resources, the complaint identifies about twelve 
locations of concern

▪ New Hampshire has banned the use of AFFF in the State

▪ Survey responses have identified a large inventory of AFFF remaining in 
municipalities throughout the State

▪ Pursuant to state law (NH-RSA-154, enacted in September 2019), NHDES is 
developing a takeback program for AFFF, to commence by July 1, 2021

▪ However, DES’s report on the survey responses acknowledged that “there 
are emerging challenges regarding safe disposal of AFFF that prevent NHDES 
from accurately estimating disposal costs and implementing a takeback 
program within the timeframe established by law”
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Major Source of PFAS In FireFighting Foam

▪ Thus, DES proposed the legislature extend the deadline to July 2023 to 
“allow for time necessary for EPA and others to complete much needed 
ongoing research and studies” into PFAS disposal and treatment 
technologies

▪ However, as discussed below, thus far EPA has not moved the ball forward

▪ The National Defense Authorization Act (NDAA) for Fiscal Year 2020 (Pub. L. 
No. 116-92 § 322), the annual Congressional spending bill for the 
Department of Defense (DOD), required that DOD develop a PFAS-free 
firefighting foam to replace AFFF by October 2024.  In the meantime, the 
military’s use of firefighting foams containing PFAS is limited to emergencies, 
and prohibited for use in training exercises immediately

© Sullivan & Worcester LLP14 3/9/2021



Major Source of PFAS In FireFighting Foam
▪ The military also has stockpiled a huge inventory of AFFF, which it must 

begin to phase-out

▪ The DOD has attempted to dispose of AFFF by incineration, which has 
sparked controversy and lawsuits stemming from worries about the health 
effects of residual PFAS air emissions in contaminating soil and water 
sources

▪ The NDAA for Fiscal Year 2020 requires the Secretary of Defense to ensure 
that PFAS are incinerated at adequate temperatures to break down the 
chemical compounds

© Sullivan & Worcester LLP15 3/9/2021



Major Source of PFAS In FireFighting Foam
▪ There is concern, though, that due to the strength of the carbon-fluorine 

bonds in PFAS, these chemicals may not be completely destroyed by 
methods of incineration designed for other forms of hazardous waste

▪ In fact, DOD ran into a problem when the company with whom it contracted 
in East Liverpool, Ohio to incinerate 800,000 gallons of AFFF failed to meet 
the requisite temperatures to eradicate the PFAS, and emissions from the 
incinerator stacks became airborne in a surrounding minority residential 
neighborhood and schoolyard
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Major Source of PFAS In FireFighting Foam
▪ In a lawsuit coordinated by the environmental organization EarthJustice, it is 

alleged that DOD’s approval of the incineration of millions of gallons of AFFF 
violates the NDAA of 2020 and the National Environment Policy Act (NEPA), 
in the absence of conducting required environmental reviews and 
compliance with environmental regulations

▪ In December 2020, EPA issued for public comment an Interim Guidance on 
PFAS Destruction and Disposal, required by the NDAA for Fiscal Year 2020

▪ The guidance provides the current state of the science on techniques and 
treatments that may be used to destroy or dispose of PFAS and PFAS-
containing materials from non-consumer products, including AFFF

© Sullivan & Worcester LLP17 3/9/2021



Major Source of PFAS In FireFighting Foam
▪ A review of the guidance reflects the agency’s uncertainty regarding the 

appropriate methods to dispose of PFAS compounds

▪ The guidance discusses two possible destruction methods, hazardous waste 
combustors and other thermal treatment, which EPA deems subject to even 
greater uncertainty than the recommended disposal approaches: “Thermal 
treatments also come with uncertain risks: the possibilities of both 
incomplete destruction of PFAS and release of non-PFAS pollution”
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Major Source of PFAS In FireFighting Foam
▪ The recommended disposal methods are underground injection wells and 

landfills

› With underground injection wells, risks of PFAS migrating into the environment vary 
depending on physical and chemical properties of each specific PFAS compound, the other 
substances with which it is potentially mixed, and the geographic properties of the injection 
zone.

› Even greater uncertainties are acknowledged concerning migration from landfills, including 
the unknown “potential for PFAS to migrate . . . without adequate controls,” and the lack of 
“detailed information on the amounts and concentrations of PFAS and precursor compounds 
in wastes that are landfilled.”

▪ Thus, the guidance recommends “interim storage . . . until research reduces 
the uncertainties association with other options”
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AFFF Contamination at Military Bases
▪ The military’s use of AFFF for many years has contaminated groundwater 

and potable water sources on and near numerous bases across the United 
States with PFAS

▪ The NDAA for Fiscal 2020 requires the military to remediate PFAS 
contamination at federal facilities, including by entering into cooperative 
agreements with communities surrounding military bases where the bases’ 
activities are believed to be the source of PFAS contaminated drinking water 
sources. The law also imposes a requirement on impacted public water 
systems to monitor for all forms of PFAS for which the EPA has approved a 
sampling method
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AFFF Contamination at Military Bases
▪ As of April 2020, there were upward of 600 military bases nationwide where 

PFAS either has been discovered or is suspected of having been released. 
According to Maureen Sullivan, Deputy Assistant Secretary of Defense for 
Environment, the Department will need more than $3 billion to clean-up 
these sites, and the surrounding areas, where PFAS was used. However, the 
2020 NDAA provided only $350 million total for PFAS cleanup across the 
country, of which $60 million already is earmarked to remediate AFFF 
contamination at decommissioned military bases

▪ Not surprisingly, the DOD itself has expressed doubts about the viability of 
its PFAS cleanup efforts; a Pentagon report in March 2020 predicted that 
removing PFAS from the water supply near military bases might take 
decades
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AFFF Contamination at Military Bases
▪ As a matter of priority, Ms. Sullivan, the Pentagon’s spokesperson, has stated 

that DOD will act more quickly in cases of drinking water sources with PFAS 
concentrations greater than EPA’s 70 ppt lifetime health advisory for PFOS 
and PFOA
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Litigation Seeking Relief from Damages Caused by 
Use of AFFF at Military Bases
▪ Over the past several years, many lawsuits have been filed by states, 

individuals and others, including municipalities and water utilities, seeking 
relief from harm or damage caused by the use, release, and migration of 
AFFF at or from military bases

▪ Depending on the plaintiff, these cases have sought to compel the cleanup 
of PFAS contamination in drinking water and from other environmental 
media, payment for natural resource damages and lost property value, 
replacement of contaminated water supplies and reimbursement of costs 
incurred to cleanup and protect potable water systems, and medical 
monitoring and other health-related remedies. 
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Litigation Seeking Relief from Damages Caused by 
Use of AFFF at Military Bases
▪ They have been difficult to pursue against the military due to limits on 

available causes of action. In cases brought under state laws or regulations, 
DOD has sought dismissal of claims against it, arguing that it is protected 
from liability by federal sovereign immunity or challenging the validity of 
those laws

▪ Where states have found a federal-based regulatory hook, such as permit-
issuing authority granted by EPA, they have had some limited success 
pursuing enforcement actions directly against a military base for failure to 
obtain, renew, or comply with the terms of a required permit
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Litigation Seeking Relief from Damages Caused by 
Use of AFFF at Military Bases
▪ The difficulty of pursuing claims against the military has been exacerbated 

by the absence of a determination by either Congress by statute or the EPA 
by rulemaking that PFAS compounds are “hazardous substances” under 
CERCLA, or by EPA promulgating federal MCLs for various PFAS compounds 
under the Safe Drinking Water Act

▪ In light of these difficulties, states, local governments, water supply 
companies, and individuals have turned to manufacturers, distributors and 
others in the AFFF supply chain to pursue their claims. Depending on the 
fact, these cases typically are pursued under common law theories such as 
negligence, trespass, failure to warn of a dangerous product, trespass, and 
sale of defective products
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Litigation Seeking Relief from Damages Caused by 
Use of AFFF at Military Bases
▪ The complaints against the chemical companies often assert that they 

made, distributed and sold firefighting foam containing PFOA and PFOS with 
knowledge that these chemicals were harmful to human health and the 
environment, but hid information about the risks of the products from the 
public, the government, and other users of their products.

▪ Since December 2018, over 850 AFFF-related cases from around the country 
have been consolidated by the Judicial Panel on Multidistrict Litigation into 
Aqueous Film-Forming Foams (AFFF) Products Liability Litigation, MDL No. 
2873, in the District of South Carolina from state or other federal courts
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Litigation Seeking Relief from Damages Caused by 
Use of AFFF at Military Bases
▪ On January 7, 2021, after three years, the first settlement of a case in the 

AFFF MDL was announced. Tyko Fire Products agreed to pay $17.5 million to 
300 Wisconsin homeowners whose private wells were contaminated by 
PFAS migrating from a nearby fire technology center at which Tyko’s 
predecessor designed and tested its AFFF product. Of the proposed 
settlement amount, $15 million will be allocated for property damage 
claims, and $2.5 million will be paid to plaintiffs diagnosed with certain 
diseases, including testicular and kidney cancer. Prior to reaching the 
settlement, Tyco had been providing bottled water to impacted residents; 
under the settlement terms, the company also will fund a new municipal 
water line for the plaintiffs
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Litigation Seeking Relief from Damages Caused by 
Use of AFFF at Military Bases
▪ Another major development occurred in the MDL, in January 2021, which 

may favorably impact the State of New Hampshire’s natural resource 
damage claims against DuPont de Nemours Inc. and its spinoff company, 
Chemours, Co., pending in both the MDL and a state court 
proceeding. Together with Corteva Inc., formerly a DuPont seed company, 
the companies announced they had reached a cost-sharing agreement to 
address their legacy PFAS liability. 
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Litigation Seeking Relief from Damages Caused by 
Use of AFFF at Military Bases
▪ These companies are defendants in a number of the AFFF MDL cases in 

South Carolina., including the natural resource damage case brought by the 
state of New Hampshire, that was transferred from state court to the AFFF 
MDL, another multistate AFFF litigation in Ohio, and many state court 
proceedings involving PFAS compounds (but not AFFF), including another 
natural resource damage case brought by New Hampshire. In both of its 
cases, the State asserted allegations of fraudulent transfer of assets against 
Dupont/Chemours involving the 2015 spinoff, and against Dow/Dupont and 
Corteva involving a subsequent merger transaction.
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Litigation Seeking Relief from Damages Caused by 
Use of AFFF at Military Bases
▪ Under the internal settlement of legacy liabilities, Dupont and Corteva 

together will assume half the costs and Chemours will assume the other 
half. The costs either will be limited to a 20-year term or capped at $4 
billion. The companies also have agreed to a mechanism for funding future 
PFAS claims; each group will contribute $500 million to an escrow account 
over an eight-year period. If the balance is under $700 million by December 
31, 2028, each group will make a one-time replenishment payment to the 
escrow account
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Litigation Seeking Relief from Damages Caused by 
Use of AFFF at Military Bases
▪ In both of its pending natural resource damage cases, New Hampshire cites 

its parens patriae interest in the state’s natural resources and the harm 
suffered by its residents as the basis for standing. The State alleges that its 
natural resources were damaged due to widespread contamination from the 
release of the “Manufacturer Defendants’” PFAS compounds, and that 
exposure to those compounds is associated with several negative health 
outcomes in both humans and animals 
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Litigation Seeking Relief from Damages Caused by 
Use of AFFF at Military Bases
▪ Damages sought include the costs of groundwater cleanup, provision of 

potable drinking water where water supplies have been contaminated, and 
various forms of health-related testing for potentially-impacted citizens. 
Payments for damages to the value of the State’s diminished natural 
resources also are being claimed. Further, the State seeks recover of 
payments made from the Drinking Water and Groundwater Trust Fund for 
costs associated with PFAS contamination of the referenced water resources

▪ Dupont and Chemours are defendants in both of the State’s cases; 3M is a 
defendant in only the State’s PFAS case in state court. 
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Perspectives in Soil 
Remediation

A presentation by Wood.2

•Agenda
- The PFAS Perspective

- Drivers for soil remediation

- Current soil remediation technologies

• Field-implemented technologies

• Limited application technologies

- Disposal and Incineration

- Wrap up

“PFAS are severely complicated by 

their mobility, persistence, 

toxicological uncertainties, and 

technical obstacles to remediation, 

under the backdrop of stringent 

regulatory and policy developments”

2019 PFAS Experts Symposium

Remediation 29:4



Poll Question

A presentation by Wood.3

• Have you implemented a soil remediation 

for PFAS

- No, not yet

- Yes, by excavation and disposal

- Yes, by excavation and incineration

- Yes, by on-site stabilization

- Yes, by soil washing

- Yes, by thermal treatment

- Yes, by other technology

Select one or more answers



PFAS Perspective

A presentation by Wood.4

• Early goings for emerging contaminant 

class

• Focus has been elsewhere

•Regulatory drivers are muddled

•Gaps in our understanding of risk, tox., 

F&T, 

•Gaps in our understanding of sources

• Limited proven technologies

•Concern and confusion over disposal 

and destruction



Information Gaps for Soil Remediation

• Data density & resolution, source 

architecture

• Leaching characteristics

• Retention zones & interfaces

• Receptors and risk

• Remediation goals 

• Proven remediation technologies



Guidance and 
Screening Levels for 
Soil (mg/kg)
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Figure by W. DiGuiseppi, Jacobs - used with 

permission. Data current as of November 2020

35

That’s 0.17 ppb 

for soil leaching

While I am using materials 

produced by ITRC, today’s 

presentation is not an 

official ITRC training course, 

and this training course has 

not been reviewed or 

approved by ITRC.



Treatment 
Technologies

Field Implemented Limited Application Developing

demonstrated under full-scale 
conditions at multiple sites by 

multiple practitioners and 
multiple applications well 

documented in peer-reviewed 
literature

implemented on a limited 
number of sites, by a limited 
number of practitioners, and 

may not have been 
documented in peer-reviewed 

literature 

researched at the laboratory 
or bench scale, but these 

technologies have not been 
field demonstrated 

Current Soil Remediation Technologies

PFAS-1, Section 12.1 Treatment Technologies Overview

While I am using materials 
produced by ITRC, today’s 
presentation is not an official 
ITRC training course, and this 
training course has not been 
reviewed or approved by ITRC.



Soil Remedial Technologies

▪ Excavation with offsite disposal in a 
permitted landfill, where allowed 
◆ Some landfills no longer will accept PFAS soils

◆ Do not assume this is straightforward

▪ Excavation with offsite incineration
◆ Must be >1,100oC for PFAS

◆ Destruction assumed but not well documented

◆ US EPA, US DOD and other research programs 
looking closely at destruction

▪ Capping
◆ To reduce leaching from vadose zone soil
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Soil Remediation Technology

▪ Stabilization/Immobilization via sorption

▪ Combination of powder-based reagents 
with high surface area and various 
binding methods:
◆ For example:  powdered activated carbon, 

aluminum hydroxide, kaolin clay

◆ Added from 1-5% by weight to soil

◆ Fully commercial & demonstrated in Australia

◆ Extensive testing, research and demonstration in 
Europe

▪ Implementation in situ with large 
diameter augers possible

Images courtesy of Ziltek™ and AquaBlok Ltd.
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Soil Washing

▪ Full-scale system operating in Australia, some US pilot testing

▪ Can be enhanced specifically to keep PFAS in solution longer

▪ PFAS removed from wash water with GAC or IX

▪ Two to three OOMs reduction in total waste mass

▪ Lower throughput for clay-rich soils as compared to sandy soils (10 tons/hour vs 25 
tons/hour)

10

Field 
Demonstrated

Photo courtesy of 

Charles Grimison, Ventia

Used with permission



Thermal Desorption for PFAS in Soil
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▪ Bench scale information

▪ Two ESTCP field scale pilots in 2021

▪ Targeted for unsaturated zone source areas

▪ Suitable for all soil types 

▪ Requires off-gas treatment (e.g., wet 
scrubber, water treatment)

▪ Energy intensive over relatively short 
duration

Initial Total 

PFAS Conc. 

(µg/kg)

% Decrease 

in Total PFAS 

Exposure 

Temperature/ 

Time

Number of 

PFAS 

Analyzed

200 26 250°C 8 days 29

151
40

99.4

300°C 4 days

350°C 2 days
29

290

89.3-99.8

97.3->99.9*

99.8->99.9*

400°C 60 mins

550°C 50 mins

700°C 80 mins

29

* >99.9% decreases are based on the limited 
analytical suite performed and based on decreases 
below the Limits of Detection

Data courtesy of William DiGuiseppi, Jacobs

Developing

Sweet spot



Sediment Case Study –

Stabilization and off-site disposal

A presentation by Wood.12

• Landfill source, impacted riverine sediments

• Target – reduce leaching to 70 ppt 

PFOS+PFOA, dispose at Subtitle D landfill

• Treatability testing with varying doses of an 

amendment and cement

• Amendment is a cellulosic bio-mass product 

derived from organic materials

• Trials evaluated 5%, 10% and 20% addition of 

amendment by volume.

• Samples allowed to cure for 72-hours after 

mixing and then submitted for TCLP analysis.



Sediment Case Study – Target not met

A presentation by Wood.13

• 1.5x to 5x reduction in average 

leachable concentrations achieved

• 70 ppt Subtitle D landfill acceptance 

criteria was not attained for heavily 

impacted sediment

• Sediment with in-situ PFOS< 2 ug/kg 

disposed of at local Subtitle D landfill 

• Sediment with in-situ PFOS > 2 ug/kg 

disposed of at Subtitle C landfill as 

non-hazardous waste 0 200 400 600 800 1000 1200 1400

20% Mix

10% Mix

5% Mix

Baseline

Average Concentration (ng/L)

TCLP Results

PFOA

PFOS



Disposal and Incineration – Careful what you Dig
(and burn)

A presentation by Wood.14

• There are misconceptions about 

disposal regulations

• Landfill leachate can be problematic

• Less secure landfills are accepting

PFAS waste, because they can

• Recordkeeping varies, and along with 

it, generator liability and risk

• Incineration is an expensive alternative 

to disposal, and

• Incineration may not reduce liability

• Faced with uncertainty, waste is piling

up



Best Management in the face of Uncertainty

A presentation by Wood.15

• Choose a trusted partner

• Select outlet based on nature of waste

- Segregate to reduce cost

• Consider secure, closed-loop landfills

• Pre-processing to stabilize waste

• Certificates of Disposal

• Understand incinerator operating conditions and

controls

• Certificates of Destruction

• Remote sites may offer advantages

Risk Tolerance will determine options and cost



Perspectives in PFAS Soil Remediation – Hopeful

A presentation by Wood.16

• We have navigated emerging contaminants before, 

and won

• Our understanding of PFAS will evolve quickly in

the coming years

• The regulatory landscape will take shape

• Risk communication and risk management will 

arise

• Upcoming remedial investigations will shed light 

on sources, F&T 

• Remediation technologies do exist, and more are

coming

• Stakeholder engagement will lead to informed 

decision making

Image from theglasshammer.com
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