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We Have Been Through This Before
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› What are the key lessons 
learned from site closure 
of other contaminants?

› I’ll share my experiences based on:
› 3 tiers of site closure complexity

› Key considerations during PFAS investigation and 
remediation to support decision making



General Types of Site Closure
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Closure Type  Description

1 “No Risk”
 No unacceptable risk identified 
 during the investigation phase

2 “Simple” 
Remediation

 “Low” complexity remediation 
 (e.g., tank removal, soil excavation, etc.) 

3 “Complex” 
Remediation

 Potentially decades of remediation 
 activities required to achieve closure



“No Risk” Site Closure Example
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› Former Site CG508 at Travis AFB, CA

› Petroleum-only Contamination (POCO) 
site based on detection of TPH-MRO in 
groundwater

› No soil source could be identified and 
no BTEX was detected

› Chromatogram pattern not consistent 
with motor oil but instead resembled 
sewage or manure (referencing 
Dr. Francine Kelly-Hooper’s work)

Restoration Program Manager’s Meeting Minutes 21 January 2015



Blaming the Wrong “Source”?
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› TPH was not the result of an “oil spill”, but instead multiple lines of 
evidence demonstrated this was a “non-site” and the site was closed

› A sewer line leak had occurred near the TPH-MRO detections

› Decreased alkalinity and disinfection by-products observed in GW

› Might we find similar scenarios at some PFAS sites where we 
initially blame the wrong “source”?



Applying These Lessons Learned to PFAS
› How do we assess “background” PFAS?
› How can we be confident in determining when

one source ends and another begins?
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What Constitutes “Background”
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› First, we need to define “background”
versus low-level point-source(s)
of PFAS contamination

› Background PFAS cannot be tied 
to any specific source, and is
representative of “regional” 
PFAS releases

› Low-level point source(s) include 
many potential land uses tied to 
a specific use/release of PFAS

“Soup” of Potentially 
Similar PFAS Patterns at Low 

PPT Concentrations 

AFFF Mist 
Suppressants

Landfill Leachate

Biosolids

Coatings
Textiles

Septic TanksPersonal Care Products Electronics
Paper

Medical

Automotive
PrintingLubricants



Literature Review of Potential PFAS “Sources”
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› Precipitation
› Coatings and Adhesives
› Paper and Packaging Products
› Textiles and Carpets
› Cleaning Agents and Waxes
› Personal Care Products & 

Cosmetics
› Septage and Wastewater
› Pesticides and Herbicides
› Dry Cleaning
› Transportation Industry
› Metal Plating and Machining

› Plastics and Rubbers
› Printing, Etching, and Photography
› Concrete Manufacturing
› Energy Sector
› Medical Sector
› Electronics
› Building and Construction Industry
› Explosives, Propellants, and 

Ammunition
› Mining, Oil & Gas
› Landfills
› AFFF
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Modified from Glüge et al. 2020 and Gaines 2023 – this list is not intended to be all-inclusive or applicable in some cases



What Might PFAS Background Look Like?
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› Samples from 450 private wells 
>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.”



Groundwater Background near Septic Sources
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Matrix

Groundwater

Reference
Reported Concentration (ppt – ng/L)

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

n = 40 locations

Detection 
Frequency0.1 1.0 10 100 1,000 10,000 100,000

FOSA 15%65<0.14

PFOS 3,130<0.13 20%
PFHpS 5%202<0.17

PFHxS 134<0.14 35%
PFPeS 8%11.3<0.13

PFBS 14.5<0.22 35%
PFPrS 5%4.52<0.24

PFBA 411<0.32 53%
PFPeA 28%1,390<0.14

PFHxA 1,990<0.19 23%
PFHpA 23%2,730<0.14

PFOA 11,300<0.10 53%
PFNA 13%492<0.14

PFDA 54<0.15 8%
PFUnA 3%0.26<0.20

6:2 FTS 3%35<0.25

Sum of PFAS 75%21,839<0.10

0.20
0.26
0.21
0.31
0.16
0.39
0.28
0.90
0.30
0.32
0.26
0.75
0.24
0.19
0.20
0.28
4.1

Geometric
Mean (ppt)

Detected 
Compound

Geomean calculated using MDL value for non-detects

= USEPA MCL
Exceedances in Red Font



Global Groundwater Background Study
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Matrix

Groundwater

Reference
Reported Concentration (ppt – ng/L)

Johnson et al. (2022) 
(Global Study)

Range = 95% CI (min) to Max
n = 5,990 locations*

*No known PFAS sources

FOSA

Detection # 
and Frequency0.1 1.0 10 100 1,000 10,000 100,000

154 (2%)

1431.9

PFDS 71 (1%)
PFNS 0 (0%)

561.0

PFHpS
20,00048

67 (1%)
PFHxS 732 (12%)

NRPFPeS

6.90.36

0 (0%)
PFBS 668 (11%)
PFBA 90.31.2 478 (8%)

PFPeA 720 (12%)2901.0

PFHxA 2991.1 755 (13%)
PFHpA 774 (13%)611.0

PFOA 1,800 1,051 (18%)
PFNA 677 (11%)6201.6

PFDA 340.09 670 (11%)
PFUnA 304 (5%)280.21

PFDoA 13.70.12 308 (5%)
PFTrDA 115 (2%)5.90.14

PFTeDA 9.20.07 291 (5%)
4:2 FTS 30 (1%)0.38

6:2 FTS 1181.2 223 (4%)
8:2 FTS 30 (1%)1.1

PFOS 1,043 (17%)

Gen X 30 (1%)0.06

1.0
0.66
NR

0.70
6.0
NR
8.9
5.7
5.0
4.1
6.3
13
3.4

0.42
0.53
0.32
0.27
0.19
0.38
1.8
1.1

46

0.06

Mean 
(ppt)

= USEPA MCL

Detected 
Compound

951.0

NR

100.36

Exceedances in Red Font
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Summary of Select Precipitation Studies
Focused on U.S. Studies (Antarctica provided for reference) 
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Matrix & 
Reference

Precipitation

Reported Concentration (ppt – ng/L)

PFOS

Median 
(ppt)0.01 0.1 1 10 100 1,000 10,000

0.180.29<0.1

PFOA 9.420.26

PFOS 100<0.42

PFOS 0.07

PFOA 300.03

PFOS 0.29<MDL

PFOA 0.89<MDL

PFOS <0.572<0.431

PFOA <0.268<0.202

PFOS
PFOA
PFOS 500.2

PFOA 30.2

PFOS
PFOA
PFOS
PFOA
PFOS
PFOA 0.557

PFOA <0.36

Locations
(# of Samples)

Detected 
Compound

Reference and 
Sample Dates

Kwok et al. (2010)
2006-2008

0.04-0.26

N/A

1

3.4

8
N/A

0.06-0.12
0.13-0.22

N/A

2-20

N/A

1.79
0.27

0.6-2

= USEPA MCL

0.25
<0.01

0.13-0.33
N/A
N/A

0.0055
0.2195

Shimizu et al (2021)
2018-2019

Pike et al. (2021)
2019

Pfotenhauer et al. (2022)
2020

Olney et al. (2023)
2021

Kwok et al. (2010)
2006-2008

Pike et al. (2021)
2019

Pfotenhauer et al. (2022)
2020

Olney et al. (2023)
2021

Casas et al. (2021)
2017-2018

Albany, NY
(6)

Wilmington, NC
(24)

Willoughby, OH
(11)

Wisconsin (3 sites)
(25)

MA (17 sites)
(32)

Slingerlands, NY
(6)

OH (2 sites), WY (1 site)
(18)

Wisconsin (5 sites)
(63)

MA (8 sites)
(17)

Antarctica
(20)

4.6

12

0.64

3.3

<MDL

<MDL
1.41
1.75

<0.437 <0.523
<0.204 <0.245

0.310.0003
0.02

0.001
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Exceedances in 
Red Font
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Matrix

Soil PFOS

Location
United States 
(5 locations)PFOA

Sum of PFAS

PFOA
PFNA

PFOS (urban) Maine
PFOS (non-urban)

PFOA

Vermont

Range of Max C’s for 
PFOS & PFOA;

Detection Range for Sum 

Threshold

Range

Range or 
Threshold Value?

Detected 
CompoundReference

Brousseau et al. 
(2020)

Summary of Select Soil Background Studies
Focused on U.S. Studies (remote locations provided for reference)

      Protection of MCLs
      Residential Soil

PFOS
PFOS

PFNA
U.S. DoD 

Study
Threshold (Max)
Threshold (Min)

PFOA
Sum of PFAS

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

Reported Concentration (ppt – ng/kg)
1.0 10 100 1,000 10,000 100,000 1,000,000

126,000

33,000

135,000<200

1,500

5,800

6

9,000

5,000
30

  PFOS
• 30.5
• 630

  PFOA
• 60.8
• 19

  PFNA
• 25
• 19,000

5,000

3,036

551

1,930

2,180

13,800

1,900

5,400

USEPA SSLs (May 2024)

Cancer or HQ = 0.1 (ppt – ng/kg)

Exceedances in 
Red Font

3,100

100

100

300
<100

Range of Max C’s for 
PFOS & PFOA;

Detection Range for Sum 



PFAS Data Evaluation Framework
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› PFAS Framework based on 
multiple lines of evidence

› Look for Gamlin et al. (2024) 
DOI:10.1111/gwmr.12666
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Environmental PFAS “Buckets” 
by Manufacturing Process and Chemical Class

Short-chain 
Replacement 
Compounds

PFAAs

PFSAs PFCAs

Fluorotelomerization (FT)-based Manufacturing

Electrochemical Fluorination (ECF)-based Manufacturing

PFEAs

ECF
Precursors
(multiple classes)

FT
Precursors

(multiple classes)
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PFAS Family Tree – Based on Silver et al. (2023) Analyte List

PFAS Class (Condensed)

Note: Dark grey cells are approximate representations of other PFAS compounds not analyzed.
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Example of
3M LightWater Pattern

“C6” AFFF Pattern
“Heavy” FT-based 
AFFF Pattern

PFAS Family Tree Graphs
Examples of AFFF patterns within environmental water samples



PFAS Background Patterns versus
PFAS Patterns Downgradient of AFFF Release Sites
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If PFAS background patterns can resemble downgradient AFFF plumes, 
PFAS patterns alone may not be sufficient to identify/separate differing sources.

PFAS Pattern 
  from AFFF Site

Background PFAS Pattern
  from Silver et al. 2023



Key Considerations for PFAS Sites
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› Understanding PFAS sources at low PPT 
levels requires multiple lines of evidence

› We need better tools to communicate 
complex topics with stakeholders
› PFAS Data Evaluation Framework paper 

DOI:10.1111/gwmr.12666



JDGamlin@gsienv.com


