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Disclaimer

This seminar is intended to be informational and does not indicate endorsement of a particular 
product(s) or technology by the Department of Defense or NAVFAC EXWC, nor should the 
presentation be construed as reflecting the official policy or position of any of those agencies. 
Mention of specific product names, vendors, or sources of information, trademarks, or 
manufacturers is for informational purposes only and does not constitute an endorsement or 
recommendation by the Department of Defense or NAVFAC EXWC. Although every attempt is 
made to provide reliable and accurate information, there is no warranty or representation as to 
the accuracy, adequacy, efficiency, or applicability of any product or technology discussed or 
mentioned during the seminar, including the suitability of any product or technology for a 
particular purpose. 

Information in this presentation is current as of 28 March 2025.

EXWC: Engineering and Expeditionary Warfare Center 
NAVFAC: Naval Facilities Engineering Systems Command
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EDUCATION
• Master of Science, Hydrogeology, 2002, University of Nevada, Reno
• Bachelor of Science, Geology, 1999, University of California, Santa Barbara

PROFESSIONAL EXPERIENCE
• ~25 years in the environmental remediation industry
• Has evaluated 70+ PFAS sites around the world
• Organizing Committee Member: PFAS Environmental Professionals Working Group

RECENT PUBLICATIONS
• Gamlin, J., Newell, C., Holton, C., Kulkarni, P., Skaggs, J., Adamson, D., Blotevogel, J., 

Higgins, C. 2024. “Data Evaluation Framework for Refining PFAS Conceptual Site 
Models.” Groundwater Monitoring & Remediation.

• Gamlin, J., Caird, R., Sachdeva, N., Miao, Y., Hutchison, C., Mahendra, S., De Long, S. 
2024. “Developing a microbial community structure index (MCSI) as an approach to 
evaluate and optimize bioremediation performance.” Biodegradation.

• Gamlin, J., Javed, H., Newell, C., Stockwell, E., Caird, R., Scalia, J., Navarro, D., Awad, J. 
2024. “Bridging the Technology Gap for Cost-Effective and Sustainable Treatment of Per-
and Polyfluoroalkyl Substances in Surface Water and Stormwater.” Remediation Journal.

Speaker Introduction

CHG: Certified Hydrogeologist 
PG: Professional Geologist
PFAS: per- and polyfluoroalkyl substances
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Presentation Overview

• Part 1: Introduction to the PFAS Analyte List
• Part 2: PFAS Forensics: Fate and Transport Considerations
• Part 3: PFAS Background Definitions
• Part 4: Key Considerations for Assessing Background PFAS

• Lunch Break
• Part 5: Putting it All Together: Source Areas vs. Background
• Part 6: PFAS Background at Navy Installations 
• Wrap-Up 
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PFAS Have a Lot of Acronyms…

• The next few slides will present 
a lot of acronyms…

• Don’t worry, this is just for reference, and 
you do not need to memorize

• We will break the PFAS acronyms 
into smaller “buckets” to make 
this easier to understand

(Image from Microsoft Office)
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Introduction to the PFAS Analyte List

• General Acronym Definitions 
• We will focus on the EPA Method 1633 analyte list, since it is inclusive of 

PFAS in other DoD analyte lists
• PFAAs: Perfluoroalkyl acids (perfluorinated)

• PFSAs: Perfluoroalkyl sulfonic acids (e.g., perfluorooctane sulfonic acid - PFOS)
• PFCAs: Perfluoroalkyl carboxylic acids (e.g., perfluorooctanoic acid - PFOA)

• Precursors: PFAS that turn into other PFAS (polyfluorinated)
• ECF: Electrochemical fluorination-based precursors
• FT: Fluorotelomerization-based precursors

• PFEAs: Per- and polyfluoroalkyl ether acids (“replacements”)

DoD: Department of Defense
EPA: United States Environmental Protection Agency
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EPA Method 1633 Analyte List

ECF 
Precursors
• N-EtFOSE
• N-MeFOSE
• N-EtFOSAA
• N-MeFOSAA
• N-EtFOSA
• N-MeFOSA
• FOSA

PFSAs
• PFDoDS
• PFDS
• PFNS
• PFOS
• PFHpS
• PFHxS
• PFPeS
• PFBS

PFCAs
• PFTeDA
• PFTrDA
• PFDoA
• PFUnA
• PFDA
• PFNA
• PFOA
• PFHpA
• PFHxA
• PFPeA
• PFBA

FT 
Precursors
• 8:2 FTS
• 6:2 FTS
• 4:2 FTS
• 7:3 FTCA
• 5:3 FTCA
• 3:3 FTCA

PFEAs
• 11Cl-PF3OUdS
• 9Cl-PF3ONS
• HFPO-DA
• PFMBA
• PFMPA
• ADONA
• NFDHA
• PFEESA

ECF 
Precursors PFSAs PFCAs FT 

Precursors PFEAs
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Generalized PFAS “Buckets” Part 1

Introduction to PFAS Analyte List

PFAAsPFAAs

PFSAs PFCAs

ECF
Precursors
(multiple classes)

ECF Precursors
• N-EtFOSE
• N-MeFOSE
• N-EtFOSAA
• N-MeFOSAA
• N-EtFOSA
• N-MeFOSA
• FOSA

PFSAs
• PFDoDS
• PFDS
• PFNS
• PFOS
• PFHpS
• PFHxS
• PFPeS
• PFBS

PFCAs
• PFTeDA
• PFTrDA
• PFDoA
• PFUnA
• PFDA
• PFNA
• PFOA
• PFHpA
• PFHxA
• PFPeA
• PFBA



Contextualizing PFAS Detections: Background and Forensics 9

Generalized PFAS “Buckets” Part 2

Introduction to PFAS Analyte List

PFAAs

PFCAs
PFEAs

FT
Precursors

(multiple classes)

PFEAs
• 11Cl-PF3OUdS
• 9Cl-PF3ONS
• HFPO-DA
• PFMBA
• PFMPA
• ADONA
• NFDHA
• PFEESA

PFCAs
• PFTeDA
• PFTrDA
• PFDoA
• PFUnA
• PFDA
• PFNA
• PFOA
• PFHpA
• PFHxA
• PFPeA
• PFBA

FT Precursors
• 8:2 FTS
• 6:2 FTS
• 4:2 FTS
• 7:3 FTCA
• 5:3 FTCA
• 3:3 FTCA
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Generalized PFAS “Buckets” Combined

Introduction to PFAS Analyte List

Short-chain 
Replacement 
Compounds

PFAAs

PFSAs PFCAs

FT-based Manufacturing

ECF-based Manufacturing

PFEAs

ECF
Precursors
(multiple classes)

FT
Precursors

(multiple classes)
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PFAS Family Tree (EPA Method 1633)

Introduction to PFAS Analyte List

Note: Dark grey 
cells are 
approximate 
representations 
of other PFAS 
not analyzed by 
EPA Method 
1633
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Presentation Overview

• Part 1: Introduction to the PFAS Analyte List
• Part 2: PFAS Forensics: Fate and Transport Considerations
• Part 3: PFAS Background Definitions
• Part 4: Key Considerations for Assessing Background PFAS

• Lunch Break
• Part 5: Putting it All Together: Source Areas vs. Background
• Part 6: PFAS Background at Navy Installations 
• Wrap-Up 
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Objective

PFAS Forensics: Fate and Transport Considerations

(Image from Microsoft Office)

• Explain how PFAS fate and 
transport mechanisms can 
affect PFAS patterns over 
time/distance
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Basics of PFAS Environmental Behavior

Long-Chain 
PFAS (C8)

Mid-Chain 
PFAS (C6)

Short-Chain 
PFAS (C4)

Tinker toys represent 
complexity of PFAS 
along route of migration

› Environmental factors cause 
long-chain PFAS to “stick” 
closer to source areas

› This causes PFAS patterns to 
change along routes of migration

PFAS Release Area

Soil

Groundwater Flow
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Precursor Transformation to PFOS

PFAS Forensics: Fate and Transport Considerations
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Precursor Transformation to PFOA

PFAS Forensics: Fate and Transport Considerations

Other 8:2 
Precursors 8:2 FTS 7:3 FTCA PFOA
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Other 8:2 
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7 Carbon Tail + 
1 Carbon of Head 

“C8”

Branched and Linear Isomers

PFAS Forensics: Fate and Transport Considerations
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Precursor Transformation Overview

PFAS Forensics: Fate and Transport Considerations

C6 Sulfonamides
(not in EPA Method 
1633)
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based on literature
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PFAS Forensics: Fate and Transport Considerations
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C6 Sulfonamides
(not in EPA Method 
1633)
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Retention Considerations

• Retention can be caused by sorption, air/water partitioning, or 
other factors

PFAS Forensics: Fate and Transport Considerations

SOM: soil organic material (Mei et al. 2021)

• Example of sorption
• PFAS sorb to organic 

carbon on soils (more 
carbons = generally 
more sorption)
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Other Retention Considerations

P

P
P

P

P

P
P

P

P

PFAS “Salting Out”

Saline Groundwater

Tidal Range

Ocean or EstuaryMixing 
Zones

If a freshwater PFAS plume enters a mixing 
zone, it can trigger the salting out process 
that retains PFAS in aquifer matrix 

Aquifer Matrix

Brackish Water in 
Mixing Zone

PFAS

For more information, see Final Report for SERDP Project ER22-3275 and Newell et al. 2022
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PFAS Patterns

(Image from Microsoft Office)

KEY 
POINT Retention and precursor 

transformation affect 
PFAS patterns along 
routes of migration.
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Presentation Overview

• Part 1: Introduction to the PFAS Analyte List
• Part 2: PFAS Forensics: Fate and Transport Considerations
• Part 3: PFAS Background Definitions
• Part 4: Key Considerations for Assessing Background PFAS

• Lunch Break
• Part 5: Putting it All Together: Source Areas vs. Background
• Part 6: PFAS Background at Navy Installations 
• Wrap-Up 
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Knowledge Pre-Check: Questions 1–3

• Does the EPA definition of Background apply to PFAS?

• Does the 2004 Navy Policy on Background apply to PFAS?

• Will Background PFAS be a component of remedial decision-making 
at DoD facilities?

A) Yes  B) No

A) Yes  B) No

A) Yes  B) No
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DoD Memorandum on Background PFAS

PFAS Background Definitions

MCL: maximum contaminant level

• PFAS background assessments will be a component 
of remedial decision-making at DoD facilities

• September 3, 2024, memo on prioritization of DoD 
Cleanup Actions to implement PFAS MCLs

(DoD 2024)
(DoD 2024)
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EPA Definition of Background

CERCLA: Comprehensive Environmental Response, Compensation, and Liability Act
OSWER: Office of Solid Waste and Emergency Response

(EPA 2002)

(EPA 2002)
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Definitions of Background PFAS

• Anthropogenic PFAS not related to the CERCLA site in question 
are defined as Background under OSWER 9285.6-07P

• The term “Background” does apply to PFAS
• Background PFAS can potentially be from nonpoint source(s) 

and/or point source(s)
• Nonpoint sources may include precipitation, urban runoff, runoff from 

agricultural land with biosolids application, etc.
• The greatest concentrations may or may not be closest to background 

PFAS sources; therefore, site-specific conditions should always be 
considered
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2004 Navy Policy on Background

• Key Points
• Site chemical levels should be compared 

to background levels (this applies to PFAS)
• Site-related COPCs are carried through to the 

baseline risk assessment
• Non-site-related COPCs should be compared 

to risk-based screening benchmarks and 
discussed in the risk characterization 
section

• Site cleanup remedial goals are not set 
below background levels

COPC(s): chemical(s) of potential concern

(Navy 2004)
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NAVFAC Background Guidance Documents

Human Health 
Risk Assessment

NAVFAC Resources on Human Health Risk Assessment 
Navy human health risk assessment policies and guidance including background

Background 
Chemicals

Navy Policy on the Use of Background Chemical Levels (January 2004)
Clarifies the Navy’s position on consideration of background chemical levels

Soil Background
NAVFAC Guidance for Environmental Background Analysis Volume I: Soil (April 2002)
Provides instructions for characterizing background conditions at sites where past uses of the property 
have resulted in actual or suspected chemical releases to soil

Sediment 
Background

NAVFAC Guidance for Environmental Background Analysis: Volume II Sediment (April 2003)
Provides instructions for the characterization of background conditions at sediment sites where past 
uses of the property may have resulted in chemical releases

Groundwater 
Background

NAVFAC Guidance for Environmental Background Analysis Volume III: Groundwater (April 2004)
Provides instructions for characterizing groundwater background conditions and comparing datasets for 
impacted groundwater based on statistical methods and geochemical relationships

Indoor Air 
Background

NAVFAC Guidance for Environmental Background Analysis Volume IV: Vapor Intrusion Pathway 
(April 2011)
Reviews methodologies for assessing potential background sources to indoor air as a part of the 
assessment of the vapor intrusion pathway

https://exwc.navfac.navy.mil/Products-and-Services/Environmental-Security/NAVFAC-Environmental-Restoration-and-BRAC/Program-Support/Risk-Assessment/Human-Health-Risk-Assessment/
https://exwc.navfac.navy.mil/Portals/88/Documents/EXWC/Restoration/er_pdfs/gpr/navy-ev-pol-bkgrd-20040130.pdf?ver=B4qxCh35nuYg-4JJxNjACw%3d%3d&timestamp=1651084860975
https://exwc.navfac.navy.mil/Portals/88/Documents/EXWC/Restoration/er_pdfs/gpr/navfacesc-ev-ug-2049-env-bkgrd-soil-200204.pdf?ver=by4Q-kVm0nMt93y3Da57IA%3d%3d&timestamp=1651084912538
https://exwc.navfac.navy.mil/Portals/88/Documents/EXWC/Restoration/er_pdfs/gpr/navfacesc-ev-ug-2054-env-bkgrd-seds-200304.pdf?ver=DfHf98bhZmLpVae5_f2kyg%3d%3d&timestamp=1651084934408
https://exwc.navfac.navy.mil/Portals/88/Documents/EXWC/Restoration/er_pdfs/gpr/navfacesc-ev-ug-2059-env-bkgrd-gw-200404.pdf?ver=n7jiJ3tFRfw9Z11ccWkHXA%3d%3d&timestamp=1651084957250
https://exwc.navfac.navy.mil/Portals/88/Documents/EXWC/Restoration/er_pdfs/gpr/navfac-ev-ug-2091-env-bkgrd-vi-201104if.pdf?ver=ZNmQRHoCesE_81nZCEtoWw%3d%3d&timestamp=1651084981656
https://exwc.navfac.navy.mil/Portals/88/Documents/EXWC/Restoration/er_pdfs/gpr/navfac-ev-ug-2091-env-bkgrd-vi-201104if.pdf?ver=ZNmQRHoCesE_81nZCEtoWw%3d%3d&timestamp=1651084981656
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Background PFAS: Guidance and Research

• Guidance specific to conducting PFAS background studies has yet 
to be developed

• ESTCP Project ER25-8813 aims to develop a framework for 
evaluating background PFAS

• Joint effort by GSI, CDM Smith, and Colorado School of Mines 
(Dave Adamson is the Principal Investigator)

• Project expected to begin soon

ESTCP: Environmental Security Technology 
Certification Program 
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ESTCP Project ER25-8813

PFAS Background Definitions

Key Question – How do we better identify 
the likely background sources of PFAS? 

Study aims to develop PFAS 
Background Framework

Key Elements of Framework for 
Evaluating Background PFAS
• How to develop PFAS-specific 

hypothesis testing and data 
quality objectives for the site

• Identifying potential regional and 
nonpoint source contributors to 
background PFAS

• Tiered approach for media-
specific sampling and analysis 
plans, where higher tiers are 
associated with higher levels
of effort

• Approaches for evaluating
data to distinguish
background sources and 
document contributions
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Poll Questions 1–3 (Answers)

• Does the EPA definition of Background apply to PFAS?

• Does the 2004 Navy Policy on Background apply to PFAS?

• Will Background PFAS be a component of remedial decision-making 
at DoD facilities?

A) Yes  B) No

A) Yes  B) No

A) Yes  B) No
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Break
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Presentation Overview

• Part 1: Introduction to the PFAS Analyte List
• Part 2: PFAS Forensics: Fate and Transport Considerations
• Part 3: PFAS Background Definitions
• Part 4: Key Considerations for Assessing Background PFAS

• Lunch Break
• Part 5: Putting it All Together: Source Areas vs. Background
• Part 6: PFAS Background at Navy Installations 
• Wrap-Up 
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Objective

• We will review peer-reviewed 
research articles that provide 
insights regarding the potential 
presence/sources 
of background PFAS

Key Considerations for Assessing Background PFAS

(Image from Microsoft Office)
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Knowledge Pre-Check: Questions 4–6

• Can PFAS in precipitation exceed EPA MCLs?

• What sources of PFAS may contribute to background?

• Will every PFAS background assessment rely on the same approach? 

A) Yes  B) No

A) Septic Tanks      B) Biosolids   C) Precipitation     D) All of the above

A) Yes  B) No
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What Does the Scientific Literature Say?

• Can PFAS in precipitation 
exceed the EPA MCLs?

• What are some potential 
sources of background PFAS?

• What background concentration 
ranges might be observed?

Key Considerations for Assessing Background PFAS

(Image from Microsoft Office)
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PFAS in Precipitation

Key Considerations for Assessing Background PFAS

• Precipitation can 
be a source of 
background PFAS
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Example Summary of PFAS in Precipitation

Key Considerations for Assessing Background PFAS

HFPO-DA: hexafluoropropylene oxide 
dimer acid
ND: nondetect

ng/L: nanograms per liter
PFOA: perfluorooctanoic acid
PFOS: perfluoroctanesulfonic acid

PFHxS: perfluorohexanesulfonic acid
PFNA: perfluorononanoic acid

Data from: 
Pike et al. (2021)

EPA MCL: 
PFOS, PFOA = 4 ng/L
PFHxS, PFNA, HFPO-DA = 10 ng/L
Red Font = Precipitation Exceeds MCL

Reported Concentration (ng/L)

PFOS

0.01 0.1 1 100 1,000 10,000

190.5

PFOA 301

PFNA 100.4

PFBS <0.019

HFPO-DA 30.5

PFOS 500.4

PFOA 31

PFNA 1.30.5

PFHxS
PFBS

HFPO-DA 30.4

PFHxS <0.017

Urban
Wooster, OH 

(10)
Urban Site

Rural
Jackson Hole, WY

 (3)
Rural Site

Location
(# of Samples)

Detected 
Compound

<0.019
<0.017

104
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PFAS in Precipitation

(Image from Microsoft Office)

KEY 
POINT PFAS in precipitation 

may exceed MCLs. 
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Background PFAS in Soil

Key Considerations for Assessing Background PFAS

• Soil can be 
affected by 
background PFAS
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Summary of Select Soil Background Studies

Key Considerations for Assessing Background PFAS

ng/kg: nanogram(s) per kilogram            RSL: regional screening level

EPA November 2024 Residential Soil RSL: PFOA = 19 ng/kg, PFOS = 630 ng/kg
Red Font = Background Exceeds RSL

PFOS United States 
(5 locations)PFOA

PFOA

PFOS (urban) Maine
PFOS (non-urban)

PFOA

Vermont

Range of Max C’s for 
PFOS & PFOA

Threshold
95% Upper Tolerance 

Limit with 95% Coverage
UTL90-95#

Range 
>40% detection 

frequency at 66 locations

Brusseau et al. 
(2020)

PFOS
PFOA

DoD Study Threshold (Max)
Threshold (Min)

PFOA
Brousseau et al. 

(2020)

PFOS

Anderson and Modiri
(2024)

Sanborn, Head & 
Assoc.
(2022)

Zhu et al.
(2022)

PFOS Tierra Del 
Fuego, & 

Antarctica (1), 
Nepal (1)

500
126,000

33,000

1,500

6
9,000

5,000

3,036
551#

2,180

13,800
1,900

5,400

3,100

100

100
300

Range of Max C’s for 
PFOS & PFOA

Location
Range or 

Threshold Value
Detected 

CompoundReference
Reported Concentration (ng/kg)

1.0 10 100 1,000 10,000 100,000 1,000,000
19 630
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PFAS in Soil

(Image from Microsoft Office)

KEY 
POINT Background PFAS in soil 

may exceed RSLs.
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Background PFAS in Groundwater

Key Considerations for Assessing Background PFAS

• Groundwater can 
be affected by 
background PFAS
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Global Groundwater Background Study

Key Considerations for Assessing Background PFAS
CI: Confidence Interval

EPA MCL: 
PFOS, PFOA = 4 ng/L 
PFHxS, PFNA = 10 ng/L
Red Font = Background Exceeds MCL

Reference
Johnson et al. (2022) 

(Global Study)
Range = 95% CI (min) to 

max
n = 5,990 locations*

*No known PFAS sources

FOSA

0.1 1.0 100 1,000 10,000 100,000

1431.9

PFDS
PFNS

561.0

PFHpS
20,00048

PFHxS
NRPFPeS

6.90.36

PFBS
PFBA 90.31.2

PFPeA 2901.0

PFHxA 2991.1

PFHpA 611.0

PFOA 1,800

PFNA 6201.6

PFDA 340.09

PFUnA 280.21

PFDoA 13.70.12

PFTrDA 5.90.14

PFTeDA 9.20.07

4:2 FTS 0.38

6:2 FTS 1181.2

8:2 FTS 1.1

PFOS

Detected 
Compound

951.0

NR

100.36

5

104
Reported Concentration (ng/L)
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PFAS in Groundwater

(Image from Microsoft Office)

KEY 
POINT Background PFAS in 

groundwater may 
exceed MCLs.
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Example of Background PFAS Source

Key Considerations for Assessing Background PFAS

• Septic systems can 
be a source of 
background PFAS
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Example of PFAS from Septic Tanks

• Samples from 450 private wells 
more than 3 miles from 
Wisconsin DNR sites with 
actionable PFAS concentrations

• “Those samples above the 
referenced PFAS levels tend to 
be associated with developed 
land and human waste 
indicators (artificial sweeteners 
and pharmaceuticals), which can 
be released to groundwater via 
septic tanks.”

DNR: Department of Natural Resources (Silver et al. 2023)
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PFAS in Groundwater near Septic Sources

Key Considerations for Assessing Background PFAS

EPA MCL: 
PFOS, PFOA = 4 ng/L 
PFHxS, PFNA = 10 ng/L
Red Font = Background Exceeds MCL

Reference
Reported Concentration (ng/L)

Silver et al. (2023) 
(Wisconsin Septic Sites)

n = 40 locations

0.1 1.0 100 1,000 10,000 100,000

FOSA 65<0.14

PFOS 3,130<0.13

PFHpS 202<0.17

PFHxS 134<0.14

PFPeS 11.3<0.13

PFBS 14.5<0.22

PFPrS 4.52<0.24

PFBA 411<0.32

PFPeA 1,390<0.14

PFHxA 1,990<0.19

PFHpA 2,730<0.14

PFOA 11,300<0.10

PFNA 492<0.14

PFDA 54<0.15

PFUnA 0.26<0.20

6:2 FTS 35<0.25

Detected 
Compound 104
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PFAS From Septic Sources

(Image from Microsoft Office)

KEY 
POINT Septic sources can 

contribute to background.
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Poll Questions 4–6 (Answers)

• Can PFAS in precipitation exceed EPA MCLs?

• What sources of PFAS may contribute to background?

• Will every PFAS background assessment rely on the same approach? 

A) Yes B) No

A) Septic Tanks      B) Biosolids   C) Precipitation     D) All of the above

A) Yes  B) No
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Objective

• We will review key factors for 
assessing background PFAS

Key Considerations for Assessing Background PFAS

(Image from Microsoft Office)
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Knowledge Pre-Check: Questions 7–9

• Adjacent land use should be considered when evaluating background 
PFAS?

• Non-PFAS markers may help identify background PFAS?

• Site-specific factors should be considered when selecting the 
Background Reference Area(s)? 

A) Yes  B) No

A) Yes  B) No

A) Yes  B) No
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Adjacent Land Use

Increased Potential for Background PFAS
• Adjacent land use with known or 

suspected PFAS use 
• For example, biosolids application, septic 

tanks, AFFF use, wastewater treatment, 
landfills, metal plating, etc.

(Image from Microsoft Office)

Information presented is not all inclusive and 
site-specific factors should be assessed.

AFFF: Aqueous Film Forming Foam
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Local and Regional Transport Mechanisms 

Increased Potential for Background PFAS
• Potential PFAS migration pathways from 

precipitation, air deposition, upstream 
surface water, and/or upgradient 
groundwater

Information presented is not all inclusive and 
site-specific factors should be assessed.

(Image from Microsoft Office)
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Vadose Zone Retention

Increased Potential for Background PFAS
• Increased soil retention increases 

likelihood of background soil PFAS and 
potentially decreases likelihood of 
background PFAS for groundwater and 
surface water

• PFAS soil retention increases with organic 
carbon, NAPL, multivalent cations, salinity, 
decreased saturation, etc.

NAPL: nonaqueous phase liquid  

Information presented is not all inclusive and 
site-specific factors should be assessed.

(Image from Microsoft Office)
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Surface Water/Groundwater Connectivity

Increased Potential for Background PFAS
• Long-range surface water transport through 

PFAS-susceptible environments (e.g., 
biosolids areas, urban/suburban runoff)

• Discharge to groundwater via a losing 
stream or via artificial recharge to 
groundwater

• Enhanced migration due to pumping wells
• Potential retention and/or dispersion within 

floodplains and wetlands

Information presented is not all inclusive and 
site-specific factors should be assessed.

(Image from Microsoft Office)
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Natural Hazard-Related Trends

Increased Potential for Background PFAS
• Flooding and/or rising water tables may 

mobilize PFAS from point or nonpoint 
sources

• Prolonged drought and blowing dust 
(e.g., from biosolids areas) could potentially 
mobilize PFAS

Information presented is not all inclusive and 
site-specific factors should be assessed.

(Image from Microsoft Office)
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USGS Studies Predicting PFAS in Groundwater

• USGS correlated non-PFAS chemical markers to the occurrence of 
PFAS (McMahon et al. 2022 and Tokranov et al. 2024)

• Chemical markers may be helpful for assessing PFAS background
• Higher concentrations of tritium (“age”), chloride, sulfate, DOC, Mn, and Fe
• Higher percentage of urban land use within 500 meters of the wells
• Higher VOC and pharmaceutical detection frequencies
• Estimated nitrogen loading from septic systems
• Higher average annual natural groundwater recharge
• Decreased depth to water

DOC: dissolved organic carbon
Fe: iron
Mn: manganese

USGS: United States Geological Survey
VOC: volatile organic compound
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Poll Questions 7–9 (Answers)

• Adjacent land use should be considered when evaluating background 
PFAS?

• Non-PFAS markers may help identify background PFAS?

• Site-specific factors should be considered when selecting the 
Background Reference Area(s)? 

A) Yes  B) No

A) Yes  B) No

A) Yes  B) No
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Presentation Overview

• Part 1: Introduction to the PFAS Analyte List
• Part 2: PFAS Forensics: Fate and Transport Considerations
• Part 3: PFAS Background Definitions
• Part 4: Key Considerations for Assessing Background PFAS

• Lunch Break
• Part 5: Putting it All Together: Source Areas vs. Background
• Part 6: NAVFAC PFAS Background Case Study
• Wrap-Up 
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Lunch Break
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Welcome Back

(Image from Microsoft Office)



Contextualizing PFAS Detections: Background and Forensics 64

Presentation Overview

• Part 1: Introduction to the PFAS Analyte List
• Part 2: PFAS Forensics: Fate and Transport Considerations
• Part 3: PFAS Background Definitions
• Part 4: Key Considerations for Assessing Background PFAS

• Lunch Break
• Part 5: Putting it All Together: Source Areas vs. Background
• Part 6: PFAS Background at Navy Installations 
• Wrap-Up 
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Objectives

• Explain how to identify PFAS data patterns that can be used to 
identify source areas

• Explain how PFAS fate and transport mechanisms can affect 
PFAS patterns over time/distance

• An example will be presented of how to  
• Identify PFAS source areas
• Consider whether background PFAS may be contributing to observed 

PFAS concentrations
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Knowledge Pre-Check: Questions 10–12

• Is AFFF the only source of PFAS?

• PFAS patterns in soil will be identical to PFAS patterns in groundwater?

• Retention and precursor transformation will affect PFAS patterns? 

A) Yes  B) No

A) Yes  B) No

A) Yes  B) No
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Source Area Identification vs. Background

• It is important to understand patterns associated with PFAS 
source areas versus those from background PFAS

• Is the observed PFAS from a site release or from background?
• What PFAS-specific trends are expected to be observed as PFAS migrates 

through environmental media?
• What PFAS patterns may be useful to identify when an additional 

PFAS source is present?

KEY 
POINT General principles of source area identification for other chemicals 

can apply to PFAS—we just need to know what to look for. 
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What are Potential Sources of PFAS?

• It is important to be aware of all 
potential sources of PFAS when 
conducting investigation and 
remediation activities

• Potential for background PFAS 
sources may exist near DoD facilities

• Literature indicates there are numerous 
potential PFAS sources that could 
contribute to background

• Adjacent land use and other factors should 
be considered during the site-specific 
sampling design prior to assessing 
Background PFAS

Source Areas vs. Background

(Gaines 2022)
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Literature Review of Potential PFAS “Sources”

• Metal Plating and Machining

• Landfills

• Septage and Wastewater
• Personal Care Products and Cosmetics

• Paper and Packaging Products

• Textiles and Carpets

• Pesticides and Herbicides

• Dry Cleaning

• Coatings and Adhesives

• Cleaning Agents and Waxes

• Transportation Industry

• Plastics and Rubbers

• Printing, Etching, and Photography

• Medical Sector

• Electronics and Energy Sector

• Building and Construction Industry

• Mining, Oil, and Gas

Source Areas vs. Background

Modified from Glüge et al. (2020) and Gaines (2022) – this list is not   
intended to be all inclusive and may not be applicable in some cases

• AFFF
Priority

Common Sources

Other Sources



Contextualizing PFAS Detections: Background and Forensics 70

Lessons Learned from Chlorinated Solvents

• Imagine a TCE source area where 
PCE is subsequently detected 
downgradient of the primary TCE 
source area

• We know the transformation pathway 
follows this logic: 
PCE → TCE → DCE → vinyl chloride

• Based on expected chemical patterns, the 
downgradient PCE area is likely a separate 
source (assuming no preferential 
pathways, etc.)

Source Areas vs. Background

DCE: dichloroethylene (e.g., cis-1,2-DCE)
PCE: tetrachloroethylene 
TCE: trichloroethylene

PFO
S

PFOA 
(no 

PFOS)
PCE

TCE

Additional Source Area

Primary Source Area

DCE
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ECF-based vs. FT-based AFFF Source Areas

• Some PFAS-containing products 
have chemical patterns that can 
be used in a similar way

• For example, ECF-based products 
(with PFOS) can have different PFAS 
signatures compared to FT-based 
products (with identifiable compounds 
such as 6:2 FTS)

• We will explore this in more detail in 
subsequent slides

Source Areas vs. Background

PFO
S

PFOA 
(no 

PFOS)
6:2 FTS

PFOS

Additional Source Area

Primary Source Area
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Precursor Transformation and Retention

Source Areas vs. Background

Greater 
Retention

Less 
Retention

18
17
16
15
14  PFTeDA
13  PFTrDA
12 N-EtFOSE  N-EtFOSAA PFDoDS  PFDoA 10:2 FTS
11 N-MeFOSE N-MeFOSAA  PFUnA
10 N-EtFOSA PFDS  PFDA 7:3 FTCA 8:2 FTS 11Cl-PF3OUdS

9 N-MeFOSA PFNS  PFNA
8 FOSA PFOS  PFOA 5:3 FTCA 6:2 FTS 9Cl-PF3ONS

7 PFHpS  PFHpA ADONA
6 PFHxS  PFHxA 3:3 FTCA 4:2 FTS HFPO-DA
5 PFPeS  PFPeA NFDHA PFMBA
4 PFBS  PFBA PFEESA PFMPA
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Spatial Distribution of PFAS

(Adamson et al. 2020)

• Precursors & long-chain PFAAs tend to stay closer to source area

• Short-chain PFAAs tend to migrate farther from the source area

• PFCAs tend to migrate farther than PFSAs of similar chain length

Up/Side Gradient Zone (kg) Source Zone (kg)
Near Downgradient 

Plume (kg)

Far Downgradient 
Plume (kg)

Total PFAS 
Mass 56 kg

Total PFAS 
Mass 49 kg

Total PFAS 
Mass 76 kg

Total PFAS 
Mass 41 kg

Total PFAS 
Mass 3.6 kg/yr

Total PFAS 
Mass 1.0 kg/yr

Total PFAS 
Mass 0.048 kg/yr



Contextualizing PFAS Detections: Background and Forensics 74Source Areas vs. Background

Soil vs. Groundwater PFAS Patterns

• Observed soil PFAS patterns are often different than underlying 
groundwater patterns from same source area

• Longer-chain PFAS and precursors (i.e., PFAS with higher carbon 
numbers) tend to be preferentially retained in soil compared to 
groundwater, which may lead to different soil vs. groundwater patterns

• PFAS patterns should be evaluated using multiple lines of evidence with 
consideration for expected compound-specific fate and
transport effects

KEY 
POINT PFAS patterns being different in soil versus groundwater 

does not exclude the PFAS being from the same source. 
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PFAS Forensics Considerations

• The ratios and metrics described in the subsequent slides are 
based on potentially relevant PFAS fate and transport 
mechanisms, as described in Gamlin et al. (2024)

• This approach may aid in identifying potential PFAS source 
areas and is based on the standard EPA Method 1633 analyte lists

• Some PFAS used in this approach may not have toxicity values, 
and the ratios and metrics presented do not represent a 
quantification of risk
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6:2 FTS

PFOS

PFAS Forensics Considerations

Example 1: Understanding PFAS Classes
• Certain PFAS can be used to identify different 

AFFF products released within a mixed AFFF 
groundwater plume

• In this example, the upgradient plume is 
dominated by PFOS from an ECF AFFF 
source zone

• Assuming no preferential pathways, the 
downgradient detection of 6:2 FTS (not from 
ECF AFFF) in groundwater may indicate a 
separate AFFF release area (this should be 
confirmed with other lines of evidence)

Source Areas vs. Background
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PFAS Forensics Considerations

Example 2: Understanding PFAS Ratios
• The ratio of PFOS/PFHxS typically decreases 

along a flow path, as PFOS and its precursors are 
preferentially retained compared to PFHxS and its 
precursors (see Gamlin et al. 2024)

• In this example, the PFOS/PFHxS ratio decreases 
from 4 to 2 to 1, and then farther downgradient it 
increases to 3

• Assuming no preferential pathways, the 
downgradient increase in the PFOS/PFHxS ratio 
may indicate a separate downgradient source 
area (this should be confirmed with other lines of 
evidence, such as overall concentrations, etc.)

Source Areas vs. Background

PFO
S

PFOA 
(no 

PFOS)

PFOS/PFHxS = 4

PFOS/PFHxS = 2

PFOS/PFHxS = 3

PFOS/PFHxS = 1
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1,000

PFAS Forensics Considerations

Example 3: Understanding Sum of PFAS
• Does not indicate risk, just a tool for helping to 

identify source areas
• The sum of PFAS may be useful for identifying 

additional source areas (assuming equivalent 
analyte lists are used)

• In this example, the upgradient portion of the 
plume decreases from 1,000 ng/L to
200 ng/L, before increasing to 800 ng/L

• Assuming no preferential pathways, the 
increase to 800 ng/L may indicate a separate 
source area (this should be confirmed with 
other lines of evidence)

Source Areas vs. Background

200
800

50
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30%

PFAS Forensics Considerations

Example 4: Understanding PFAS Metrics
• The percent of PFAAs with 6 or less carbons, 

and their precursors (%≤C6) will generally 
increase along a flow path due to the 
preferential retention of longer-chain PFAS

• In this example, the %≤C6 in the upgradient 
portion of the plume increases from 30% to 
50%, before decreasing to 35%

• Assuming no preferential pathways, the 
decrease to 35% may indicate a separate 
source area (this should be confirmed with 
other lines of evidence)

Source Areas vs. Background

50%
35%

60%



Contextualizing PFAS Detections: Background and Forensics 80Source Areas vs. Background

Poll Questions 10–12 (Answers)

• Is AFFF the only source of PFAS?

• PFAS patterns in soil will be identical to PFAS patterns in groundwater?

• Retention and precursor transformation will affect PFAS patterns? 

A) Yes  B) No

A) Yes  B) No

A) Yes B) No
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Hypothetical PFAS Background Assessment

• Next, we will use what we have 
learned and walk through a 
simplified, hypothetical example 
of PFAS patterns that may be 
present near a former fire 
training area (FFTA)

Source Areas vs. Background

FFTA

Site Boundary

Offsite 
Area

N
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Hypothetical PFAS Background Assessment

• Site Setting
• Groundwater flow is to the south in a 

shallow, unconfined aquifer with 
stable water levels

• No preferential pathways have been 
identified

• Monitoring wells have been installed 
upgradient, downgradient and cross-
gradient to the FFTA

• The offsite area is a mix of 
commercial and industrial land use

Source Areas vs. Background

Groundwater 
Flow

Monitoring 
Wells

N
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Hypothetical PFAS Background Assessment

PFOA and 6:2 FTS detected 
upgradient?

Source Areas vs. Background

Concentrations in ng/L

G
ro

un
dw

at
er

 F
lo

w

N

ND ND 40 4

PFOS PFHxS PFOA 6:2 FTS

1000 250 50 ND

500 200 20 ND

150 100 10 ND

2 4 10 5

Key =

ND ND PFOS and PFHxS dominant 
with no 6:2 FTS, this indicates 
ECF AFFF may have been 
released

PFOA and 6:2 FTS are higher 
than expected?

Color: ECF-based PFAS, ECF- or FT-based PFAS, FT-based PFAS
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Hypothetical PFAS Background Assessment

Source Areas vs. Background

G
ro

un
dw

at
er

 F
lo

w

N

ND ND 40 4

1000 250 50 ND

500 200 20 ND

150 100 10 ND

2 4 10 5

ND ND

4 4 70 12

Downgradient well indicates 
background PFAS should be 
further evaluated to explain 
PFOA and 6:2 FTS detections

PFOS PFHxS PFOA 6:2 FTSKey = Color: ECF-based PFAS, ECF- or FT-based PFAS, FT-based PFAS

Well installed for background 
assessment, indicates 
background PFAS

Concentrations in ng/L



Contextualizing PFAS Detections: Background and Forensics 85Source Areas vs. Background

PFAS Data Evaluation

(Image from Microsoft Office)

KEY 
POINT PFAS often behave in 

predictable ways along 
routes of migration, 
resulting in patterns that 
can be helpful during 
identification of sources 
versus background.
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Break
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Presentation Overview

• Part 1: Introduction to the PFAS Analyte List
• Part 2: PFAS Forensics: Fate and Transport Considerations
• Part 3: PFAS Background Definitions
• Part 4: Key Considerations for Assessing Background PFAS

• Lunch Break
• Part 5: Putting it All Together: Source Areas vs. Background
• Part 6: PFAS Background at Navy Installations 
• Wrap-Up 
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Background Study Reference Area(s)

• No specific guidance for selecting PFAS 
Background Study Reference Areas (yet)

• Scale Considerations
• Will require review of site-specific conditions
• Large Site: Sites with watershed-scale 

considerations may require sampling at greater 
distances away from site

• Small Site: Will focus on selecting representative 
sampling areas outside of the PFAS release area

(Image from Microsoft Office)
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Determining Background Reference Area(s)

• The Background Reference 
Area(s) should have similar 
physical, chemical, geological, 
and biological characteristics of 
the site being investigated, but 
should not be affected by site 
activities (CERCLA reference, but 
Navy uses this term)

• Different areas may be required 
depending on the media affected 
by site activities (e.g., soil vs. 
surface water vs. groundwater)

PFAS Background at Navy Installations

Source 
Area

Site Boundary

N

Prevailing Wind, 
Groundwater and 
Surface Water Flow

Reference 
Area #1

Potential 
Reference 

Area #2

Generic Example: Requires Site-Specific Consideration
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Selecting Background Sampling Locations

• Potential site-specific assessment 
may include

• Precipitation (prevailing wind can vary)
• Upstream/adjacent surface water
• Upgradient/adjacent groundwater
• Potential down/cross-gradient 

groundwater depending on offsite
land use(s)

• Soil (and potentially porewater) 
at appropriate distance(s) from
release area(s)

• Assessment of non-PFAS
markers that may be indicative
of background PFAS

PFAS Background at Navy Installations

Source 
Area

N

Reference 
Area #1

Potential 
Reference 

Area #2

Prevailing Wind, 
Groundwater and 
Surface Water Flow

Generic Example: Requires Site-Specific Consideration
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Statistical Methods

• Due to inherent variability in data, background levels are 
statistical calculations and incorporate uncertainty (which may 
be large)

• Refer to EPA “Role of Background in the CERCLA Cleanup 
Program” (2002), or other required guidance, to determine 
appropriate statistical evaluation of the background data

• In some cases, multiple sampling events may be required
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Selecting Background Sampling Locations

(Image from Microsoft Office)

KEY 
POINT The design of PFAS 

background studies will 
require consideration of 
site-specific factors.

PFAS Background at Navy Installations
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Background Case Study In Progress

PFAS Background at Navy Installations:
Precipitation and Ambient Soils Research

• NAVFAC EXWC
- Nicolette Andrzejczyk, PhD, EXWC PI
- Arun Gavaskar

• WSP
- Usha Vedagiri, PhD, PI
- Michael Fuerte
- Dean Lay
- Joshua Klein
- Sean Gormley
- Konrad Quast
- Lansana Coulibaly

PI: principal investigator
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Presentation Overview

• Part 1: Introduction to the PFAS Analyte List
• Part 2: PFAS Forensics: Fate and Transport Considerations
• Part 3: PFAS Background Definitions
• Part 4: Key Considerations for Assessing Background PFAS

• Lunch Break
• Part 5: Putting it All Together: Source Areas vs. Background
• Part 6: PFAS Background at Navy Installations 
• Wrap-Up 
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Wrap-Up #1 

Background
• Background PFAS assessments 

will be a component of PFAS 
Remedial Investigations

• Background guidance specific to 
PFAS is evolving (stay tuned for 
NAVFAC studies and ESTCP 
project ER25-8813)

Wrap-Up
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Wrap-Up #2 

Background
• Background PFAS concentrations 

can exceed regulatory standards 
in precipitation, soil, surface 
water, and groundwater

• Carefully plan your background 
investigation area based on site-
specific considerations

Wrap-Up

Source 
Area

Site Boundary

N

Prevailing Wind, 
Groundwater and 
Surface Water Flow

Reference 
Area #1

Potential 
Reference 

Area #2
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Forensics
• Identification of PFAS source 

areas should include 
consideration of fate and transport 
effects along routes of migration

• Use multiple lines of evidence to 
confirm source areas have been 
properly identified

Wrap-Up #3 

Wrap-Up

PFO
S

PFOA 
(no 

PFOS)

PFOS/PFHxS = 4

PFOS/PFHxS = 2

PFOS/PFHxS = 3

PFOS/PFHxS = 1
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