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Presentation Basis

MARCH 2026 VOLUME 17, NUMBER 3
WASTEADVANTAGE.COM

* Presentation Expands Upon Work wAGAZIN
Presented in Waste Advantage, w&ﬁ!ﬁm‘!g’gﬂﬁkge
~ebruary 2026, pp. 74

 “Case Study of a Groundwater
PFAS Forensic Source
Differentiation Technique”

* Need to Understand Impact of
Background PFAS to Sites

* Provide Defensible Data To — \
Quantify Background PFAS COLLECTION SYSTEMS RSFicron =i

Smart Landfi
Addressi ng the Crisis
of Limited Airspace

E%El
PLUS: LEASING/FINANCING | TRANSFER STATIONS | FOOD WASTE MANAGEMENT =
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Overview
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e Review of Forensic Science
* General PFAS Chemistry
* Project Site Overview

* Sampling Results
* Forensic Assessment
e Conclusions

Source: Stock Image

2026 Federation of New York Solid Waste Conference




l What is Forensics?

* Application of Science and the

Scientific Method to Determine:
1.

2.
3.
4

2026 Federation of New York Solid Waste Conference

What Happened
How it Happened
Why it Happened
When it Happened

.
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* Tools

1.

Chemistry
—Analytical Data
—lIsotope/Isomer Chemistry

Historical Records
—Who, What, Where, Why and How

Aerial Photographs

Statistics
— Pattern Analysis

Computer Modeling
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PFAS Forensics What Tools Do We Have?

Source: Stock Image

History

Statistical Analysis
Fate and Transport
Chemistry

Pattern Recognition

ok -
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History

1964 2002

Legacy PFOS AFFF 2016
Legacy C8 AFFF
1973 Modern C6 AFFF

2006 2026
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Electrochemical Fluorination (ECF) 1960’s-2000’s Fluorotelomerization After 2000

Branched and Linear Isomers Even and Odd PFAS Linear Isomers Mostly Even PFAS
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Statistical Analysis
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Fate And Transport

Source

Major Sources of PFAS

# Fire Training Areas
(see Fire Training Areas CSM)
» Industrial / Air Emissions

(see Industrial Sites CSM)

f Intermediate 1
Transformation
Products with

Varying Stability |

Terminal Products . T
(e.., PFAAS) " Old Distal  Significant
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Recent 7Zone None
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Chemistry - TOP Analysis

* 1,000’s of PFAS not
identified in 1633

* Account for PFAS
Precursors

* Precursors are Oxidized
to Terminal PFAS

* Unique Terminal
Mixtures are Formed

6:2 FTS Pathway
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e " Major Sources of PFAS
# Fire Training Areas
(see Fire Training Areas CSM)
» Industrial / Air Emissions
. (see Industrial Sites CSM)
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Depending on PFAS
Source
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l Chemistry - PFAS Distributions

PFAS Distribution In Sediment Sample A

1. Uses 20 PFAS (2PFAS)
2. Each PFAS Divided by

2PFAS to get % in

Sa m p le PFDS 10:00% PFOSA
3. Produces Ratios of PFAS %

in a Sample PFTeDA 0.00% PFBA
4. Data Evaluated Using

Radar Plots

5. Similar PFAS Sources
Result in Similar Plots

PFUNA PFHpA

PFDA PFOA
PFNA
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AFFF PFAS Distributions

C6 AFFF and Oxydized AFFF PFAS Distribution
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PFOS AFFF and Oxydized AFFF PFAS

C8 AFFF and Oxydized AFFF PFAS Distribution .
Distribution

e C6 AFFF Oxidized — e C6 AFFF e C8 AFFF e C8 AFFF-Oxidized

e PFQS AFFF e PFOS AFFF-Oxidized

8:2FTS 8:2FTS 8:2FTS
PFBS 70.00% 6:2FTS PFBS 35.00% 6:2FTS PFBS 60.00% 6:2FTS
PFHxS 60.00% NMeFOSAA PFHxS 30.00% NMeFOSAA PFHxS 50.00% NMeFOSAA
50.00% 25.00%
PFOS NEtFOSAA PFOS NEtFOSAA PFOS 40.00% NEtFOSAA
40.00% 20.00%
30.00%
30.00% 15.00%
PFDS 20.00% PFOSA PFDS 10.00% PFOSA PFDS PFOSA
10.00% 5.00%

PFTeDA 0.00% PFBA  PFTeDA 0.00 PFBA PFTeDA PFBA
PFTrDA PFPeA PFTrDA PFPeA PFTrDA PFPeA
PFDoDA PFHxA PFDoDA PFHxA PFDoDA PFHXA
PFUNA PFHpA PFUNA PFHpA PFUnA PFHpA
PFDA PFOA PFDA PFOA
PFNA PFNA
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PFAS Distribution Example

<,
/Olt/ \9\
4STE A550C

Temp Well 24 Sample SB-24.0.5-1.0 Temp Well 24 Soil Samples
v SB-242.0-2.5
I Brown Vv $B-249.5-10.0 TS
PFBS 25.00% 6:2FTS Dense Clay PFBS 80.00% 6:2FTS
PFHXS 20.00% NMeFOSAA PFHXS 70.00% NMeFOSAA
60.00%
PFOS 15.00% NEtFOSAA PFOS 50.00% NEtFOSAA
40.00%
10.00%

PFDS PFOSA PEDS 30.00% PEOSA

5.00% 20.00%

10.00%
PFTeDA 0.00% PFBA PETeDA PFBA

PFTIDA PFPeA
PFTrDA PFPeA
PFDOA PFHXA
PFDOA PFHXA
PFUNA PFHpA
PFUNA PFHpA
PFDA PFOA
PFNA PFDA PFOA
Gray Clay PFNA
with roots ZPFAS
1.0-1.5’=0.04402 mg/kg

9.5-10.0 = 0.00222 mg/kg
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Chemistry/History - Chromatogram Evaluation

Legacy PFOS AFFF
PFOA PFNA s o PEHXS
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Branched

k / Linear :

Legacy C8 AFFF

\\\\\\

Modern C6 AFFF
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Project Site
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Shallow Groundwater Flow
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Deep Groundwater Flow
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Tidal Study
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Results Above GWQS

o

©
{'1'5":}‘ %E-':FT

GWQS
PFOA =0.014 ug/L
PFNA=0.014 ug/L
PFOS =0.013 ug/L

0 85 170 ®
SCALE IN FEET
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PFOS

PFDS

PFTeDA

PFTrDA

PFDoDA

Background

Background PFAS Distribution

e MW-24(10.0)

8:2FTS

PFBS 90.00%
80.00%
70.00%
60.00%

PFHXS

50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

PFUNA

PFDA

PFNA

= MW-24D(30.0)

= MW-01(9.0)

6:2FTS
NMeFOSAA
NEtFOSAA
PFOSA
PFBA
PFPeA
PFHXA
PFHPA
PFOA
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MW-01

* RT=7.

247 min.

Name=PFOA

S/N=

7+ Final Conc.=1.8959 pg/L
88

27.

x10%

* RT=8.809 min
NamesxPFOS

Final Conc
S/N

.=0.1169

=21.66

x10° ] RT=7.247 min.
| Name+PFOA
2 Final Conc.=5.3352 pg/L
1.757 S/N=709.78
1.5
1.257
-
0.757
0.5
0.257
o
I | I I T [
66 68 7 7.2 74 76
x10% | RT=7.741 min.
0.9+ Name=PFNA
. Final Conc.50.2435 pg/L
0.87 S/N=543.79
0.7
0.6
0.5
0.4
0.3
0.2
0.1
1 I I T I
72 74 76 7.8 8
x10° * RT=8.396 min.
b Name=PFQOS
Final Conc.=0.2013 pc
1 S/N=09.98
0.87
0.6
0.47
0.2
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x10%] % RT=7.459 min.
. Name=PFOA
1.4-{ Final Conc.=P.2814 pg;
1o S/N=2139.87
1
0.8 PFOA
0.6
0.4
0.2
0
T T
7 7.5
x103 | * RT=7.596 min.
S
1nal Lonc.suU, (
0.87 S/N=149.95 H
061 PFNA
0.4
0.2
T T
7 7274 76 7.8
2 .
x10° | * RT=8.205 min.
Name+PFOS
34 Final Conc.50.3425 |
S/N=}9.91
#% PFOS
2_
1.5
2
0.5 —+—

T I
78 8

T
8.2 841




MW-10(13.0)
8:2FTS
PERS0% 6:2FTS
PFOS 15.00% NEtFOSAA
PFDS 10.00% PFOSA
5.00%

PFTeDA 0.00% PFBA
PFTrDA PFPeA
PFDoDA PFHXA

PFUNA PFHpA
PFDA PFOA
PFNA
MW-10D(35.0)
8:2FTS
PSBS0% 6:2FTS
PFHxS NMeFOSAA
60.00%
PFOS NEtFOSAA
40.00%

PFDS 20(00% PFOSA
PFTeDA 0.00% PFBA
PFTrDA PFPeA
PFDoDA PFHXA
PFUNA PFHpA
PFDA PFOA
PFNA

~g

MW-18(8.5) MW-20(9.0)
8:2FTS 8:2FTS
PBBS0% 6:2FTS PERS0% 6:2FTS
PFHXS 50.00% NMeFOSAA PFHxS 30.00% NMeFOSAA
25.00%
PFOS 403026 NEtFOSAA PFOS 50,000 NEtFOSAA
30.00% 15.00%
PFDS 20.00% PFOSA PFDS 10.00% PFOSA
10.00% 5.0
PFTeDA 0.00% PFBA  PFTeDA 0.00% PFBA
PFTrDA PEPeA  PFTIDA PFPeA
PFDODA PFHXA PFDoDA PFHXA
PFUNA PFHpA PFU”APFDA PFOAPFHPA
PFDA PFOA PENA
PFNA
MW-18D(30.0) MW-20D(35.0)
8:2FTS 8:2FTS
PF&S0% 6:2FTS PFBS0% 6:2FTS
PFHXS 60.00% NMeFOSAA PFHXS 60.00% NMeFOSAA
50.00% 50.00%
PFOS" 20.00% NEtFOSAA PFOS" 20.00% NEtFOSAA
30.00% 30.00%
PFDS 20.00% PFOSA PFDS 20.00% PFOSA
10.00% 10.00%
PFTeDA 0.00% PFBA  PFTeDA 0.00% PFBA
PFTrDA PFPeA  PFTIDA PFPeA
PFDoDA PFHXA PFDoDA PFHXA
PFUNA PFHpA PFUNA PFHpA
PFDA PFOA PFDA PFOA
PFNA PFNA
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Shallow vs Deep PFAS Distributions
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MW-21(13.0)
8:2FTS
PEBS0% 6:2FTS
PFHXS NMeFOSAA
30.00%
PFOS NEtFOSAA
20.00%
PFDS 10(600% PFOSA
PFTeDA 0.00% PFBA
PFTrDA PFPeA
PFDoDA PFHXA
PFUNA PFHpA
PFDA PFOA
PFNA
MW-21D(37.0)
8:2FTS
P8@B0% 6:2FTS
PFHXS NMeFOSAA
60.00%
PFOS NEtFOSAA
40.00%

PFDS 2000% PFOSA
PFTeDA 0.00% PFBA
PFTrDA PFPeA
PFDoDA PFHXA
PFUNA PFHpA
PFDA PFOA
PFNA




Final Conc.

Shallow vs. Deep Chromatograms

MW- 10

S/N=

MW-10D

| PFOA ;
Final Conc.=$0.3252 pg/L
2 S/N=3 :!02 84

T T T T 1
68 7 7274767

MW-18

* RT=7.035 min.
Name$PFOA
Final Conc.

5/

.8176 ug/L
169.68 1o

MW-18D

* MRM (413.0 -> 369.0)2q40786.d Sm

_|Final Conc?

x10%]

7_

.

-

4

3

e

N

o
xm“:
1.757
1.5
1.254
o
0.757
0.57
0.257

0~ T

X103+
1.757
1.57
1.257
1-
0.757
0.57
0.257
0

* RT=8.
Name
2- Final Conc.

T T
76 78 8

b
F

N=

* RT=74603 min.

Namg=

o
Phe B~
=

S/N=7758

96 min.
PFOS
Final Co r:

E x10°]  *Rrr=7M59 min.
3 ~NamegyfPFOA
1.67 Final Conc.=43.5936 pa/L
1.4 S/N=7p1.05
1.27
.
0.8
0.67
0.4
0.29
\ T T
7 7.5

IM (463.0 -> 419.0) 2440786.d Smooth Ry

x10%H RT=7.454 min. X
1 Namdeprua
1.4 Final Cf?,frllj:: ';'53.4820 pg/L
1.2
i
0.8
0.6 v
0.41
0.2
o

T T T T T
72 74 76 78 8 82

x102|  * RT=81453 min.

Ne meg=PFOS

?1?2 ug/L 77 Final Conc.$0.8135 pd

61 SIN=45.

I I I I
8 8.2 84 856 8

MW-20

x10° | «RT=7P60 min

Nameg=PFOA

0.87 Final Conc.%1.6865 |

0.7 S/N=142.13
0.6

0.5

0.4

0.3 \

0.2

0.1

T T
68 7 7274 7.

RT=7.7p3 min.
NamegPFNA

Final C c.=0,2714 pg/ 1.757

JL

x10° |
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I T T 1
74 76 78 8

10> rT=gkBB3 min.

- Namel=PFOS

4-{ Final Cgnc.¥0.6673 p
SIN=106.46

o
(s)]

|

] T I I T
8 82 84 8.6

x10°+
1.2

0.8
0.6
0.4
0.2

1.57
1.257
1
0.757]
0.57]
0.257]
o

MW-20D

be10%]

0.87
0.67
0.47
0.2

=7047 min.
NamefPFOA
Final Conc.
S/N=437.74

MW-21

.2431 pg/L
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MW-21D

* RT=7.p47 min.
Final CName Pl:i?l‘gs /
inal Conc.=¥1 pa/L
S;‘N-_Y93 68

x10%

357

x103

x103

0.87
0.67

0.4

*RT=8
Final Corjc

76 78 8
Namel-PFOS

35.24

09 min.
1507 p

7.5

min.

NA
383 pg/L
103
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Principal Component Analysis
F1 F2 F3 ° Group l:

Variability (%) 23.036 17.085 10.627
= Background Wells
(NN e = Deep Wells

= PFOA Dominated

* Group 2:

= Mixture of Background And
Central Wells

= PFBA, PFPeA and PFOA Dominated

* Group 3:
= Low Concentration Wells
* Group 4:
= Shallow Vegetated Area
* PFPeA Dominated

* Group 5:
= Scattered Data
= Not Correlated
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PCA Results
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@ =Group 1 with Groundwater PFAS Above the GWQS
O =Group 4 with Groundwater PFAS Below the GWQS




PCA PFAS Distributions
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Group 1 PFAS Distributions Group 2 PFAS Distribution Group 4 PFAS Distributions

s M\W-06(11.0) e MW-07(10.0) o MW-08(11.0) e MW-10D(35.0
( ) ( ) ( ) ( ) e VW-01(9.0) e MW-02(12.0) e M\W-03(12.0) e M\W-05(12.0) MW-12(12.0) MW-18(8.5) MW-21(13.0)
e \|W-16D (30.0) emmmmme M\N/-17(13.0) e MW/-18D(30.0) e MWW-20D(35.0) MW-10(13.0) MW-11(13.0) MW-14(12.0) MW-20(9.0)

8:2FTS
e MW-21D(37.0) e MW-22(10.0) e MW-24(10.0)  emmmmm MW-24D(30.0) GIFTS DEBS 60.00% I
8:2FTS PFBS50.00% 6:2FTS
PFBS0.00% 6:2FTS PEHXS 45.00% NMeFOSAA PFHXS 50.00% NMeFOSAA
80.00% 40.00%
PFHXS NMeFOSAA . 40.00%
70.00% BEOS 35,00% NEFOSAA PFOS NEtFOSAA
0 30.00%
PFOS 60.00% NEtFOSAA o 30.00%
50.00% 25.00%
40.00% 20.00% PFDS 20.00% PFOSA
PFDS PFOSA )
PFDS 30.00% PFOSA 15.00%
20.00% 10.00% 10.Q0%
10.00% 5.0 )
PFTeDA 0.00% PFBA PFTeDA 0.00% PFBA PFTeDA 0.00% PFBA
PFTrDA PFPeA PFTrDA PFPeA  PFTIDA PFPeA
PFDoDA PFHXA
PFDoDA PFHXA PEDODA BEHA
PFURA PFHpA PFUNA PFHpA
PFDA PFOA PEDA . PFUNA PFHpA
PFNA PENA PFDA PFOA

PFNA
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I Conclusions

* PFAS from Multiple Sources are Migrating Onto the Site w/ PFOA and PFNA >
the GWQS

= Concentrations of PFAS > GWQS in Background Wells
= PCA Data Poorly Clusters

» Chromatograms are Random

» Distributions From the PCA Groups are Disimilar

* PFAS in the Deep and Shallow Groundwater Are Not Related

* Deep Groundwater is More Highly Impacted Than the Shallow Groundwater
= Deep PFAS are Attributed to Background, Further Deep Work is Not Needed

* Randomness of the PFAS Provides Evidence Against an On-Site AFFF Source
» Group 1is the largest most similar group and includes all of the background samples

* Groundwater Not Impacted Near the AFFF Infrastructure
* Method Can be Modified for Other Source Materials

2026 Federation of New York Solid Waste Conference




Thank You!

Questions?

Stephen Maxwell
stephen.maxwell@tetratech.com
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