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PFAS: Evolution of the Science

Reporting Limits
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Source – PubChem Classification Browser (nih.gov)
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Buck et al. defines 
PFAS as highly 

fluorinated aliphatic
~200 PFAS

OECD estimates 
~4730 PFAS

EPA CompTox 
Dashboard

 ~12,000 PFAS

OECD revised 
definition establishes 
~6M ‘Compounds’
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U.S. EPA Provisional 
DW Health Advisory: 

PFOA - 400 ppt 
PFOS - 200 ppt

U.S. EPA Final 
DW Health 
Advisory: 

PFOA/PFOS
70 ppt

Various U.S. States: 
PFOA/PFOS 

5-20 ppt in DW

U.S. EPA Interim 
DW Health Advisory: 

PFOA - 4 ppq
PFOS - 20 ppq

U.S. EPA Proposed 
MCL for DW: 
PFOA - 4 ppt
PFOS – 4 ppt

HI = PFNA, PFHxS, 
PFBS, & HFPO-DA

NPW & Solids in EPA 
Method 1633: 
Aq: 1-100 ppt

Solids: 0.16-10 ppb

MCL for DW
PFOA - 4 ppt
PFOS – 4 ppt
PFHxS -10 ppt
PFNA- 10 ppt

HFPO-DA – 10 ppt
HI (PFHxS, PFNA, 

HFPO-DA, PFBS) -1
 

January 20242009 2019  -  2020 2021   -   2022201820162011 March 2023 2024

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
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EPA Method 533
25 PFAS

EPA Method 537.1 
18 PFAS 

3

PFAS 
Methods

https://www.epa.gov/water-research/pfas-analytical-methods-development-and-sampling-research

Drinking Water 

EPA Method 1633
40 PFAS

Non-Potable Water, Solid, & 
Tissue

EPA Method 1621
Adsorbable Organic Fluorine (AOF) by CIC

Screening

ASTM Methods D8421 (Aqueous) & 
D7968 (Solids)

External Calibration by LC-MS/MS 

EPA Method 8327 (Aqueous)
External Calibration by LC-MS/MS 

• TOP Assay
• EOF
• Branched/Linear
• Non-Targeted Analysis & 

Suspect Screening

OTM 45- Air Emissions
50 PFAS

Air

Modified TO-13A/10A/17 – Ambient Air 

OTM 50- Air Emissions
30 PFAS 
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Targeted Methods
How much Compound X do I have?

PFBA

PFPeA

PFHxA

PFOA
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e
Time

Chromatogram
- Select compounds 
- Specific matrix 
- Analytical Standards 
- Quantitative
- Closed Analysis 



Copyright © 2023 Eurofins 

Why explore non-targeted analysis?
- TSCA inventory >86,000 

chemicals in commerce 
(2019)

- Today there are >219 million 
entries in the CAS registry

- Current standard methods 
include a very limited 
number of chemicals

We will only find, what 
we are looking for!

95-99% unidentified

1-5% identified 
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Non-Targeted & Suspect Screening
What is in my sample?

PFBA

PFPeA

PFHxA

PFOA

Ab
un

da
nc

e
Time

Chromatogram

- High Resolution Mass 
Spectrometry

- User Defined 
Compound Lists

- No Standards required
- Semi-Quantitative
- Open Ended Analysis 

AmPr-
FOSA
AmPr-

FHxSA-PrA

TAmPr-
FPeSA
AmPr-
FBSA
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Wild West of Non-Targeted 
Analysis

Agenda: 
-High Resolution 
Mass Spectrometry

-Reporting Details
-Applications

Image generated with AI 
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Why do we need 
High Resolution 
Mass Spectrometry?

• Mass Accuracy
• Resolution
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HRMS can reveal molecular formulas 
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HRMS can reveal molecular formulas 

• 1633 Ion: 499 m/z
• Exact Mass:  498.9302 m/z

PFOS = C8HF17O3S

Exact Mass Abundance Exact Mass Abundance

Carbon 12 98.91% 13.0034 1.09%
Hydrogen 1.0078 99.99 2.0141 0.01%
Fluorine 18.9984 100% -- --
Oxygen 15.9949 99.76 17.9992 0.2%
Sulfur 31.9721 95.02 33.9679 4.22%
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Mass Accuracy (ppm) is the agreement between the measured 
mass and the exact mass  

Exact mass Observed mass

498.9302 498.9308

PFOS
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Resolution is the ability to distinguish 2 peaks with similar m/z

Low Resolution High Resolution

ØAs resolution increases:  Greater separation of peaks with similar m/z 
ØAs mass accuracy increases:  observed mass  exact mass
ØHigher confidence in compound identification
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How much Resolution do we need?
PFOS vs. TDCA

PFOS TDCA 
(1633 Bile Acid)

Difference

Structure

Molecular 
Formula

C8HF17O3S C26H45NO6S

Average 
Mass 

499.1 498.7 0.4

Exact Mass 
(Monoisotopic Mass)

498.9302 498.2895 0.6407
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How much Resolution do we have? 60k (QToF) – 240k (Orbitrap)
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How much Resolution & Mass Accuracy do we need?
PFOS vs. TDCA

PFOS TDCA Difference
Exact Mass 498.9302 498.2895 0.6407
Mass Error 1284.148 ppm 
Resolution ~700

PFOS TDCA
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Data Uses & 
Reporting 
Details
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Data Uses – Client Driven 

Target Analysis 
“Known Knowns”

Suspect Screening
“Known Unknowns”

Non-Targeted Screening
“Unknown Unknowns” 

Retrospective analysis

Know what to look for Suspect list of compounds 
to look for

No compounds to look for Reanalyze data using new 
knowledge to discover 
previous contamination

Analytical standards
Quantitative 

No standards
Semi-Quantitative or 
Qualitative only 

No standards No standards

Is Compound X in my 
sample? How much?

Which compounds from the 
list are in the sample? 

What is in my sample?
How do these two samples 
compare statistically?

What was in my sample?
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Non-Targeted Analysis & Suspect Screening 

Proteomics in Genomeland, DOI: (10.1126/science.291.5507.1221) 

Regulatory

Investigation

PFASPFAS
PlastizersPlastizers

PPCPPPCP
Phthalates
Phthalates

BFRBFR
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Data Quality Assessments

Confidence
Schymanski 
Confidence 

Levels

Detail 
evidence of 

identification

Stds, 
Libraries, 

Lists

Quantitation RLs are data 
dependent

Quantitative 
with 

standards
Semiquant 

for NTA

Transparence
BP4NTA 

Study 
Reporting 

Tool
Each report Details
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Communicating Confidence – 
Schymanski Confidence Scale

dx.doi.org/10.1021/es5002105 | Environ. Sci. Technol. 2014, 48, 2097 −2098
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Communicating Transparency
BP4NTA – Study Reporting Tool

https://nontargetedanalysis.org/
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Non-Targeted Analysis (NTA) by LC-HRMS (in development) 

Target 
(Known-Knowns)

AND
Non-Targeted 

(Known-Unknowns)
(Unknown-Unknowns)

• Applications:
• Site investigation, research 

projects, suspected 
contamination, AFFF 
characterization, forensics, 
source tracking, non-
regulatory work

• Results:
• Client Driven: Qualitative or 

semi-quantitation results
•  BP4NTA & ITRC CECsPFASPFAS

PlastizersPlastizers
PPCPPPCP

Phthalates
Phthalates

BFRBFR
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