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About Grant Carey, Ph.D.

Grant Carey, Ph.D.
Porewater Solutions

• President of Porewater Solutions

• Over 30 years experience investigating and 
remediating impacted sites

• PFAS visualization and modeling

• Seven SERDP-ESTCP projects (PFAS 
remediation)

• Adjunct Research Professor – Carleton U.

• Adjunct Professor – U. of Toronto
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Porewater Solutions Involvement In SERDP-ESTCP PFAS Projects

1. SERDP ER21-3959

2. SERDP ER21-1070

3. ESTCP ER20-5182

4. ESTCP ER24-8200

6. ESTCP ER25-8483

5. ESTCP ER25-8624

7. ESTCP ER25-8875 Evaluation of an Injected Surface Modified Clay Permeable Adsorptive Barrier for PFAS 
Sequestration

An Investigation of Factors Affecting In Situ PFAS Immobilization by Activated Carbon

Hydraulic, Chemical, and Microbiological Effects on the Performance of In Situ Activated 
Carbon Sorptive Barriers for PFAS Remediation at Coastal Sites

Validation of Colloidal Activated Carbon for Preventing the Migration of PFAS in Groundwater

Two PFAS Remediation Models for Understanding and Managing PFAS in the Saturated Zone

Demonstrating the SERDP-ESTCP e-Learning Platform for Enhancing Technology Transition

Colloidal Activated Carbon for In Situ PFAS Remediation at Coastal Sites: Field Assessment 
and Modeling of Long-Term Efficacy

Copyright 2025 Porewater Solutions 1-4
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ESTCP ER25-8483: PFAS e-Learning Development

1-5

In-Situ Remediation Model (ISR Model)
• Originally developed in 1998 as       

BioRedox-MT3DMS

• Field and research projects since 2017

• PFAS-related functionality
 PFAS adsorption to CAC
 Kinetic sorption
 Competitive adsorption
 CAC aging
 Colloid transport
 Branched decay chains

South Dakota Air Force Base

Navy Coastal Site
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a) CAC downgradient boundary
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Modeling Barrier PerformanceIn progress

Carey et al. (2023)

Carey et al. (2024)
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Visual PFASTM for Mapping PFAS Inter-Relationships

Copyright 2025 Porewater Solutions

www.VisualPFAS.com

1-7

NGWA PFAS Forensic Methods White Paper

National Ground Water Association
PFAS Forensic Methods White Paper (Draft)

Heat Maps Box and Whisker Plots

Radial Diagram & Stacked Bar Maps

Correlation Matrices PCA AnalysisCluster Analysis

Copyright 2025 Porewater Solutions 1-8
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Administration
• Questions and discussion are always encouraged!

• Course Resources

• Reference papers and presentations

• Guidance documents and reports

• Certificates of Attendance

• Coffee

• Bathroom breaks

Copyright 2025 Porewater Solutions 1-9

Porewater Solutions Team at RemTEC Summit

Kiera Rooney Sabrina Moga Mia Rebeiro-Tunstall

Copyright 2025 Porewater Solutions 1-10
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What Are PFAS?

ITRC (2018) 2-2

>10,000

some

2-3

PFAS Challenges

• Used in many products since the 1950s

• Widespread in soil, water, air, and human blood

• PFAS engineered to resist degradation

• Bioaccumulate in fish, wildlife, and humans

• Some PFAS are toxic at low concentrations

1-6

“Forever Chemicals”

2-4
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PFOS Molecule (C8, and 8-Carbon tail)

1
2

3
4

5
6

7
8

8-Chain
Tail

PFOS

C8: Total number of Carbon atoms in the molecule

2-11a

Sulfonate
Head
(SO3

-)

2-5

PFAS Overview: Sulfonates (PFSAs)

Long-chain Sulfonates
• Stronger adsorption
• Higher bioaccumulation

PFOS (C8)

PFHxS (C6)

PFBS (C4)

2-122-6



10/11/2025

4

PFOA and PFOS Compoarison

Carboxylate
Head

Sulfonate
Head

PFOA (C8) PFOS (C8)

7-Chain
Tail

8-Chain
Tail

Carboxylate
(PFCA)

Sulfonate
(PFSA)

CO2
- SO3

-

2-13b2-7

PFAA Naming Convention

Long-chain: More toxic

Short-chain: Less toxic

No. 
Carbons
In Chain Term Sulfonate Carbonate

9 nona PFNS PFNA
8 octa PFOS PFOA
7 hepta PFHpS PFHpA
6 hexa PFHxS PFHxA
5 penta PFPeS PFPeA
4 buta PFBS PFBA

Total No.
Carbon

PFSAs PFCAs
Sulfonates Carboxylates

PFAAs

2-142-8
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EPA Method 1633 (40 Analytes)
PFAAs

Sulfonates Carboxylates ECF-Based FT-Based

Precursors PFEAs

Replacements

PFBA (C4)
PFPeA (C5)
PFHxA  (C6)
PFHpA  (C7)
PFOA  (C8)
PFNA  (C9)
PFDA  (C10)
PFUnA  (C11)
PFDoA  (C12)
PFTrDA  (C13)
PFTA  (C14)

PFBS  (C4)
PFPeS (C5)
PFHxS  (C6)
PFHpS  (C7)
PFOS  (C8)
PFNS (C9)
PFDS (C10)
PFDoS (C12)

NEtFOSA (C10)
NMeFOSA (C9)

PFOSA (C8)
NEtFOSAA  (C12)

NMeFOSAA  (C11)
NEtFOSE (C12)

NMeFOSE (C11)

3:3 FTCA (C6)
5:3 FTCA (C8)

7:3 FTCA (C10)
4:2 FTS (C6)
6:2 FTS (C8)

8:2 FTS (C10)

11Cl-PF3OUdS  (C10)
9Cl-PF3ONS  (C8)

ADONA  (C7)
HFPO-DA  (C6)

NFDHA (C5)
PFEESA (C4)
PFMBA (C5)
PFMPA (C4)

Biodegrade to:
PFOS

Biodegrade to:
C4 to C8

Carboxylates

2-17b2-9

PFAS Adsorption
Section 2.2

2-10
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PFAS Industrial Releases

Reference: ITRC, 2024

https://pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_fate_and_transport__3_16_18.pdf

PFAS adsorb to:
• Natural organic matter (NOM)
• Air-water interfaces
• NAPL-water interfaces

Silt/Clay

PFAS diffusion into silt/clay may be 
a substantial secondary source 

below the water table. 

2-11

PFAS Adsorption to Natural Organic Matter

Porosity,  :    0.4 m3/m3

Soil dry bulk density, b :      1.6 g/mL
foc :             0.1%

ܴ = 1 +
௢௖ܭ ௢݂௖r௕

q

Chemical
Koc

(mL/g)
R

(dimensionless)
PFHxS 132 1.5
PFOS 919 4.7
PFOA 118 1.5

R = Retardation coefficient (dimensionless)
Koc = organic carbon partitioning coefficient (L/kg)
foc = fraction of organic carbon content (g/g)
b = dry bulk density (kg/L)
 = porosity (m3/m3)

Kd = Koc x foc

2-12
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Empirical Approach to Sorption Coefficient Estimation

GW Grab
Sample (C)

Soil
Sample (S) ௢௖ܭ =

ܵ
௢݂௖  ܥ

ௗܭ = ௢௖ܭ ௢݂௖ =
ܵ
ܥ

Collocated soil and groundwater grab samples

2-13

Site-Specific Koc: South Dakota AFB
Carey et al. (2019-SI) median Koc

W
el

l s
cr

ee
nC=100

C=10

C=1
Soil sample depth

Be careful about collecting representative
groundwater and soil samples for Kd estimates.
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Precursor Transformations
Section 2.3

2-15

Example of Precursor Transformation Pathways
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Sulfonate Precursors PFAAs Carboxylate Precursors

PFOS EPA Method 1633 analyte

Biotransformation pathway to PFAA end product(s)

Modified from Gamlin et al. (2024)

PFEAs

2-182-16
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Table of PFAA Parent Precursors

Category Abbreviation Total No. 
Carbon Atoms Aerobic Precursors Anaerobic Precursors

PFBA 4 4:2 FTS, 6:2 FTS, 5:3 FTCA 8:2 FTOH,7:2 sFTOH, 
PFPeA 5 6:2 FTS 8:2 FTOH, 7:2 sFTOH 

PFHxA 6 6:2 FTS, 8:2 FTS, 5:3 FTCA 8:2 FTOH, 7:2 sFTOH, 6:2 FTOH

PFHpA 7 8:2 FTS, 7:3 FTCA 8:2 FTOH, 7:2 sFTOH 
PFOA 8 8:2 FTS 8:2 FTOH, 7:2 sFTOH, 6:2 FTOH
PFNA 9
PFDA 10 10:2 FTCA / FTUCA 
PFUnA 11
PFDoA 12
PFTrDA 13
PFTA 14
PFBS 4 FBSA
PFPeS 5
PFHxS 6 FHxSA, PFHxSAmS, PFHxSAm
PFHpS 7

PFOS 8 PFOSA, NEtFOSA, NEtFOSE, SAmPAP, 
PFOSA, NMeFOSA, NMeFOSAA, NMeFOSE

PFNS 9
PFDS 10

PFDoS 12

PFAA - Carboxylates

PFAA - Sulfonates

2-222-17

Method 1633 Precursors that May Biodegrade to PFAAs

Precursor 
Category Abbreviation 

Total No. 
Carbon 
Atoms

Aerobic Terminal PFAAs Anaerobic Terminal PFAAs

NEtFOSA 10 PFOS

NMeFOSA 9 PFOS
PFOSA 8 PFOS

NEtFOSAA 12 PFOS

NMeFOSAA 11 PFOS

NEtFOSE 12 PFOS

NMeFOSE 11 PFOS
3:3 FTCA 6
5:3 FTCA 8  PFPeA, PFBA
7:3 FTCA 10
4:2 FTS 6 PFBA

6:2 FTS 8 PFHxA, PFPeA, PFBA

8:2 FTS 10 PFOA, PFHpA, PFHxA

FASA

FASAA

FASE

FTCA

FTS

2-232-18
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Summary of Precursor Transformations
• Typically, precursor transformation to regulated PFAS only occurs 

under aerobic conditions

• More limited pathways under anaerobic conditions (FtOHs to PFCAs)

• Investigations should include aerobic/anaerobic zone delineation

• Enhanced remediation technologies like bioremediation or in-situ 
chemical oxidation (ISCO) used for non-PFAS chemicals

• Can change redox conditions in groundwater

• May cause increase in regulated PFAS concentrations

2-242-19

2.5 PFAS Regulations: EPA MCLs and RSLs

2-25b

MCL

RSL

Maximum Chemical Limit
• MCLs are enforceable standards for drinking 

water quality.

Regional Screening Level
• RSLs are non-enforceable, risk-based screening 

levels used to identify chemicals at Superfund 
Sites which may warrant further investigation.

2-20
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MCL

0.39 0.059

2-21

PFAS Regulations: States

Notes: 1. Reference: ITRC PFAS regulations summary (last updated April 2025)
2. Yellow-highlighted PFAS are regulated in 10 or more states.

Category Name
No. states with 

chemical criteria
States

(if <10 w. regs)
Median
(ug/L)

Minimum
(ug/L)

Maximum
(ug/L)

PFBS 16 3.45 0.1 400
PFHxS 21 0.02 0.01 0.7
PFHpS 1 HI 0.038 0.038 0.038
PFOS 28 0.03 0.0007 0.56
PFDS 2 HI, TX 0.164 0.038 0.29

6:2 FTS 1 HI 1.5 1.5 1.5
8:2 FTS 1 CO 0.07 0.07 0.07
PFOSA 3 CO, HI, TX 0.07 0.046 0.29

NMeFOSAA 1 CO 0.07 0.07 0.07
NEtFOSAA 1 CO 0.07 0.07 0.07

 HFPO-DA (Gen-X) 11 0.01 0.01 0.37
8:2 Cl-PFESA 1 CT 0.005 0.005 0.005

PFBA 7 CT, HI, ME, MN, 
NC, TX, WA

8 1.8 24

 PFPeA 2 HI, TX 6.75 1.5 12

 PFHxA 8
CT, HI, ME, MI, 

MN, NC, TX, WA
6 0.2 400

PFHpA 5 HI, MA, RI, TX, VT 0.02 0.02 0.56
PFOA 28 0.02 0.000001 0.29
PFNA 19 0.013 0.006 0.29
PFDA 4 HI, MA, RI, TX 0.02 0.0077 0.37

PFUnA 2 HI, TX 0.1545 0.019 0.29
PFDoA 2 HI, TX 0.158 0.026 0.29
PFTrDA 2 HI, TX 0.158 0.026 0.29

PFTA 2 HI, TX 0.275 0.26 0.29

Sulfonate

Precursor

PFEA

Carboxylate

Summary of State Drinking Water/Groundwater Regulated PFAS

2-27

Which two chemicals have the 
highest number of states where 
they are regulated?

Q:

a) PFOS and PFHxS
b) PFOA and PFNA
c) PFOS and PFNA
d) PFOS and PFOA

2-22
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AFFF Product Composition

1. Electrochemical Fluorination (ECF)
2. Fluorotelomerization (FT)

3-4

ER-2128

2-23

Historical AFFF Manufacturing Processes
1. Electrochemical Fluorination (ECF)

• Feedstock: PFOS, and sulfonate precursors of 
that mainly degrade to PFOS, PFHxS, PFBS

• PFOA is 1% of PFOS (since 1989)

• Only 3M used the ECF process

• All 3M AFFF products are ECF-based

2. Fluorotelomerization (FT)
• Feedstock: Fluorotelomers

• All other manufacturers: FT-based AFFF

3-42-24
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History of AFFF Products on Qualified Products List

ESTCP ER-201574 FAQs Re AFFF Use
3-3b2-25

AFFF Composition: ECF-Based PFAAs (3M) 

Sulfonates (3)

Carboxylates (5)

Note: Data from Table 2 in ER-2128 Final Report

3-7a2-26
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AFFF Composition: ECF-Based PFAAs (3M) 

C8

C7

C6

C5

C4

C8

C6

C4

Note: Data from Table 2 in ER-2128 Final Report

3-7b2-27

AFFF Composition: ECF-Based PFAAs (3M) 
Long-chain

Short-chain

Note: Data from Table 2 in ER-2128 Final Report

3-7c2-28
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AFFF Composition: ECF-Based PFAAs (3M) 

1989 1993-2001

Note: Data from Table 2 in ER-2128 Final Report 3-7d

ECF-Based AFFF Trends
• Predominantly PFOS 

• PFOS is 5-10x higher than PFHxS

• PFOA is about 1% of PFOS

• Carboxylates negligible since at 
least 1989

2-29

AFFF Composition: ECF-Based Precursors

1989

1993-2001

ECF-Based AFFF Trends
• Precursors increased by order of 

magnitude in early 1990s

• C6 precursors dominate (may 
transform to PFHxS)

Note: Data from Table 2 in ER-2128 Final Report
3-8c2-30
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AFFF Composition: FT-Based

FT-Based Composition Findings

• Detected FT-based precursors only

• Carboxylates, Sulfonates not detected

• Precursors for long- and short-chain 
carboxylates

• Fluorotelomer sulfonates (e.g., 6:2 FtS and 
8:2 FtS) were low

• n:2 FtS are intermediate byproducts

SERDP ER-2128

3-102-31

Impacts from AFFF Products
ITRC AFFF Fact Sheet (2024)

Legacy FT
(Late 1970s-2016)

Modern FT

High FtS
High PFCAs (PFBA  PFOA)

Lower PFSAs

Long-chain Short-chain

Product differentiation clues:
• PFSAs vs PFCAs
• Long-chain vs short-chain PFCAs

ECF: Electrochemical Fluorination
FT:   Fluorotelomerization

Soil/GW Impacts:

Legacy ECF
(Late 1960s-2002)

High PFOS, PFHxS
Lower PFCAs (e.g., PFOA)

Soil/GW Impacts:

2-32
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PFAS Concentrations At AFFF vs Aerospace Sites
PFAS Distribution at 96 AFFF-Impacted Sites

Carey et al. (2022)

3-11d2-33

Q1: Which AFFF Products Used At This Site

ECF-Based
Precursors

FT-Based
Precursors

Sulfonates

PFEAs

4 5 6 7 8 9 10 11 12 13 14
Carbon No.

11Cl-PF3OUdS

NMeFOSAA NEtFOSAAPFOSA NMeFOSA NEtFOSA

NMeFOSE NEtFOSE

PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA PFTrA PFTeA

PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS PFDoS

4:2 FtS 6:2 FtS 8:2 FtS

PFEESA NFDHA ADONA 9Cl-PF3ONS

3:3 FTCA 5:3 FTCA

PFMPA PFMBA HFPO-DA

6:3 FTCA

ND ND

ND ND

ND ND ND

ND ND

ND

n/a n/a n/a

n/a n/a n/a n/a

n/a n/a

7.5 0.032

46 47 260 920

116 176

630

7.5 7.5

14

32.3 28.5 47.1 2.67 0.503

18 37

0.007

Non-detect

≤0.03

0.03 to 0.1

0.1 to 1

1 to 10

10 to 100

>100

Concentration (ug/L)

n/a Not available

ND

Utilities\Method 1633 Heat Matrix Template.pptx 2-34
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Q2: What was the Dominant Product Used At This Site

ECF-Based
Precursors

FT-Based
Precursors

Sulfonates

PFEAs

4 5 6 7 8 9 10 11 12 13 14
Carbon No.

11Cl-PF3OUdS

NMeFOSAA NEtFOSAAPFOSA NMeFOSA NEtFOSA

NMeFOSE NEtFOSE

PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA PFTrA PFTeA

PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS PFDoS

4:2 FtS 6:2 FtS 8:2 FtS

PFEESA NFDHA ADONA 9Cl-PF3ONS

3:3 FTCA 5:3 FTCA

PFMPA PFMBA HFPO-DA

6:3 FTCA

ND ND

ND ND

ND ND ND

ND ND

ND

n/a n/a n/a

24 16.1

12.7

6.2 6 0.45 0.14

0.16 0.92

Non-detect

≤0.03

0.03 to 0.1

0.1 to 1

1 to 10

10 to 100

>100

Concentration (ug/L)

n/a Not available

ND

NDND

NDNDNDNDND

NDNDND

NDND

ND ND ND ND ND

2-35

Questions?

Grant R. Carey, Ph.D.
Porewater Solutions

gcarey@porewater.com
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PFAS Site Characterization
GW/Soil Samples
• EPA Method 1633: 40 PFAS analytes

• Precursors and regulated PFAS
• Organic co-occurring chemicals, DOC
• Redox indicators

Copyright 2025 Porewater Solutions 3-3

How Can We Effectively Communicate PFAS Results?

Copyright 2025 Porewater Solutions 3-4
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PFAS Inter-Relationships Are Important to Source Forensics

1. Exceedance & ND locations

2. Short vs long-chain

3. Precursor degradation 

4. Flow path attenuation

5. Site vs background

6. TOP assay results 

7. Time + spatial differentiation

To Evaluate:

Copyright 2025 Porewater Solutions

Radial Diagram Maps Stacked Bar Maps

3-5

PFAS Site Characterization
South Dakota AFB

Section 3.1

Copyright 2025 Porewater Solutions

PFCAs
%

%

%

%

%

%

Remediation Journal (Open Source)

Exceedance
Non-detect

Carey et al (2025)

3-6
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