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Presentation Basis
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• Presentation Expands Upon Work 
Presented in Waste Advantage, 
February 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
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Overview

• Review of Forensic Science

• General PFAS Chemistry

• Project Site Overview

• Sampling Results

• Forensic Assessment

• Conclusions
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What is Forensics?

• Application of Science and the 
Scientific Method to Determine:

1. What Happened

2. How it Happened

3. Why it Happened

4. When it Happened

• Tools
1. Chemistry

—Analytical Data

— Isotope/Isomer Chemistry

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

3. Aerial Photographs

4. Statistics
—Pattern Analysis

5. Computer Modeling
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PFAS Forensics What Tools Do We Have?
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1. History

2. Statistical Analysis

3. Fate and Transport

4. Chemistry

5. Pattern Recognition

Source: Stock Image
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History
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Electrochemical Fluorination (ECF) 1960’s-2000’s
Fluorotelomerization After 2000

From: PubChem

Even and Odd PFAS Linear Isomers Mostly Even PFAS

PFOA Branched Isomers

Legacy PFOS AFFF
Legacy C8 AFFF

Modern C6 AFFF

1964

1973

2002
2016

2006 2026

Branched and Linear Isomers

PFOA Linear Isomer
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Statistical Analysis
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Fate And Transport
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From: ITRC, 2026
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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 
Depending on PFAS 
Source
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6:2 FTS  Pathway

Mendez et al. 2022

Terminal
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Chemistry - PFAS Distributions

1. Uses 20 PFAS (ΣPFAS)

2. Each PFAS Divided by 
ΣPFAS to get % in 
Sample

3. Produces Ratios of PFAS 
in a Sample

4. Data Evaluated Using 
Radar Plots

5. Similar PFAS Sources 
Result in Similar Plots
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AFFF PFAS Distributions
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PFAS Distribution Example
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Chemistry/History – Chromatogram Evaluation
Legacy PFOS AFFF

Legacy C8 AFFF

Modern C6 AFFF

PFOA PFNA PFHxS PFOS

Branched
Linear
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Project Site
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AFFF AST

AFFF Piping

Containment Berms
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Shallow Groundwater Flow
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Deep Groundwater Flow



2026 Federation of New York Solid Waste Conference

Tidal Study
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MW-18 MW-19 MW-20 MW-21 MW-10D MW-18D MW-20D MW-21D

MW-12 MW-03 MW-01 MW-13 MW-02
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Results Above GWQS 
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PFOA
PFNA

GWQS
PFOA = 0.014 ug/L
PFNA = 0.014 ug/L
PFOS = 0.013 ug/L
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Background
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Shallow vs Deep PFAS Distributions
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Shallow vs. Deep Chromatograms

21

MW-21DMW-21MW-18 MW-18DMW-10DMW-10 MW-20 MW-20D
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Principal Component Analysis
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• Group 1: 
▪ Background Wells
▪ 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

F1 F2 F3

Variability (%) 23.036 17.085 10.627

Group 1

Group 2

Group 3

Group 4

Group 5

Group 5
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PCA Results
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Group 1
Group 2
Group 3
Group 4
Group 5

= Group 1 with Groundwater PFAS Above the GWQS
= Group 4 with Groundwater PFAS Below the GWQS
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PCA PFAS Distributions
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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 1 is 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
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Thank You!
Questions?

Stephen Maxwell

stephen.maxwell@tetratech.com
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