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History of PFAS and where we are today
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“fluorinated substances that contain at least one fully fluorinated methyl or methylene carbon 

atom (without any H/Cl/Br/I atom attached to it), i.e. with a few noted exceptions, any chemical 

with at least a perfluorinated methyl group (–CF3) or a perfluorinated methylene group (–CF2–)” 

Organization for Economic Co-operation and Development (OECD)

PFAS

Current

National League of Cities

AP News



PFAS transport through the environment
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Source of PFAS in the United States

4 Image obtained from the Environmental Working Group (https://www.ewg.org/interactive-maps/2021_suspected_industrial_discharges_of_pfas/map/) on May 29, 2024.

Limit = 4 ppt of 

PFOA and PFOS



PFAS contamination of drinking water in the United States

5 Image obtained from the Environmental Working Group (https://www.ewg.org/interactive-maps/pfas_contamination/map/) on May 29, 2024.

Limit = 4 ppt of 

PFOA and PFOS

https://www.ewg.org/interactive-maps/pfas_contamination/map/


Workflows for Targeted and Non-targeted Analysis
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Thousands of possible PFAS compounds present in the environment
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Thermo Scientific  Vanquish 

UHPLC + TSQ Plus Series Triple 

Quadrupole Mass Spectrometer

Workflows for Targeted and Non-targeted Analysis
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Thousands of possible PFAS compounds present in the environment

Sample 

collection
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Workflow 

strategies

Thermo Scientific  

AutoTrace 280 PFAS

Automated SPE

Thermo Scientific  

EXTREVA ASE

Accelerated Solvent Extractor

TraceFinder
• Targeted quantification

• Targeted Screening

Objective

Demonstrate the comprehensive workflow for PFAS in drinking 

water samples with a fully automated novel extraction technique 

followed by targeted quantitation and non-targeted analysis.

Thermo Scientific  

TriPlus RSH SMART

Automated DLLME
Thermo Scientific  Vanquish 

UHPLC + Orbitrap Exploris 240 

Mass Spectrometer

Chromeleon  CDS
• Targeted quantification

Compound Discoverer
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Mass Frontier
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Key method conditions for NTA LC-Orbitrap Workflow
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Automate DLLME with the Thermo 

Scientific  TriPlus RSH SMART

• Samples were obtained from multiple 

drinking water sources, including tap 

water and drinking water from the 

area of Villebon, France.

• Prior to DLLME samples were spiked 

with 56 PFAS compounds at two 

different levels: 1 and 75 ng/L

Thermo Scientific  

Vanquish Flex UHPLC

Thermo Scientific  

Orbitrap Exploris  240

• Delay Column: Thermo Scientific  

Hypersil Gold C18

• Analytical column: Thermo Scientific  

Acclaim  120 C18 column

• Flow rate: 0.4 mL/min

• Heated electrospray ionization (HESI)

• Negative mode

• Combination of Full Scan (MS1) and 

data-dependent MS2 (ddMS2)

• Mass resolution:

• Full Scan = 240,000

• ddMS2 Scan = 30,000

• Stepped HCD fragmentation at 10, 25, 55% 

(normalized collision energy)



Dispersive Liquid-Liquid Microextraction (DLLME) for PFAS
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Injection from extract layer at 

the bottom of the vial

Water containing 

dispersion and 

extraction solvent



Targeted quantification results
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Figure of merit for 56 target PFAS compounds

• The mean accuracy and precision of the workflow was evaluated for both spike levels (1 and 75 

ng/L) in both bottled and tap water from 6 injections over 3 days.

• Majority of target PFAS compounds exhibited spike recoveries within 70–130% and precision 

(coefficient of variation, CV) within 20%.

Spike Recoveries Spike Precision



Targeted quantification results

11

Figure of merit for 56 target PFAS compounds

• Limit of quantification (LOQ) values were obtained based on the concentration level for which 

both reproducibility (<30%) and accuracy (70-130%) criteria were met on 6 injections over 3 days in 

neat solution.

• Majority of target PFAS compounds (~80%) exhibited LOQs of ≤0.5 ng/L, with the remaining ~20% 

exhibiting LOQs within the range of 1–5 ng/L.

LOQs for Target PFAS Compounds

20 25 6 5LOQ

Number of compounds

0.1 ppt 0.5 ppt 1 ppt 5 ppt



Non-targeted analysis (NTA) of PFAS: The Wild West
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Lots of great ideas and ambitions…….but no rules to follow

Goal of PFAS 

NTA workflows

Detect unknown PFAS compounds and annotate them as confidently as 

possible using multiple layers of mass spectrometry evidence

Picture obtained from LinkedIn (2024)



Increasing confidence in identifying PFAS compounds
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Harnessing the Power of High Resolution Accurate Mass and MSn Analysis

See additional details on confidence levels in identifying small molecules in Schymanski et al. Environ. Sci. Technol. 2014, 48, 2097–2098. 

Increasing Confidence in Compound Identification
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Workflow for non-targeted PFAS analysis
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Compound Discoverer  version 3.3 SP3

Each detected compound with a MS2 

spectrum is searched against the 

mzCloudTM HRAM spectral database

Annotations and metadata from all 

resources used in the workflow are 

imported to each of the detected 

compounds

Determines and visualizes the 

similarity between various compounds 

across your samples

Determine possible empirical formulas 

with monoisotopic masses similar to the 

measured mass in the Full Scan spectrum

Each detected compound is 

searched against the 

ChemSpider chemical database

Compares MS2 fragments of detected 

compounds to the FluoroMatchTM fragment 

library (InnovativeOmics) and PFAS fine 

structure fragment library

Compares detected compounds to the 

EPA PFAS Structure List, NIST Suspect 

List of PFAS

Each detected compound with a MS2 

spectrum is searched against the in-silico 

generated PFAS spectral library1 from Duke 

University and 2023 NIST MS/MS library

Calculates the mass defect (including 

Kendrick) for each detected compound.

Includes in-silico 

generated MS2 

library of >50,000 

PFAS compounds

Also includes Duke Research PFAS 

Database of >50,000 PFAS compounds

Addition calculations, including number 

of fluorines in the annotated empirical 

formula, m/C, md/C, etc.

See additional details on the in-silico generated PFAS spectral library in Getzinger et al. Anal. Chem. 2021, 93, 2820–2827.



Initial results – All annotated compounds
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Starting out with ~4,000 detected and annotated compounds, but how many PFAS?

We need to narrow this list 

down to only PFAS, and then 

determine the confidence levels 

of each annotation

Thousands more



Data reduction approach
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Moving towards a finalized list of compounds annotated with Level 1 confidence

See additional details on confidence levels in identifying PFAS compounds in Charbonnet et al. Environ. Sci. Technol. Lett. 2022, 9, 473–481.

Mass List with Retention Times

Annotation Confidence Level

Annotation Criteria 5 4 3 2 1

Measured mass ±2 ppm of at 

least one PFAS Mass List ✓ ✓ ✓ ✓ ✓

Standard mass defect is

between -0.11–0.12 ✓ ✓ ✓ ✓

Isotopic pattern match ✓ ✓ ✓ ✓

≥1 MS2 fragment with match to 

FluoroMatch database and/or 

>50% similarity match to in-silico 

PFAS spectral libraries

✓

>50% similarity match to

mzCloudTM or 2023 NIST MS/MS 

spectral libraries
✓ ✓

Retention time match

to Reference Standard ✓

with Retention Times

in-silico library

2023 NIST MS/MS

Includes in-silico generated MS2 library 

of >50,000 PFAS compounds



Annotation of PFAS in DLLME extracts of spiked water samples
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Evaluating the detection and annotation efficiency of 56 spiked PFAS compounds
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Finalized list of annotated PFAS compounds
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Tagging feature to mark each 

identified compound with their 

annotation confidence level

Easy-to-evaluate source 

contributions to each final 

compound annotation
Percentage of fragments within 

the FluoroMatch database that 

match to fragments within the 

measures MS2 spectrum



Overlaid Extracted Ion Chromatograms of annotated PFAS
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Efficient detection and annotation from unspiked to 75 ppt

Spiked at 

75 ppt

Spiked at 

1 ppt

Unspiked



Confidently annotating unknown PFAS compounds
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Bringing together multiple resources to annotate at Level 2 confidence

Matching acquired MS2 spectrum to the

2023 NIST MS/MS HRAM Library

Matching acquired MS2 spectrum to the 

Thermo Scientific mzCloudTM Library

Measured spectrum

mzCloudTM spectrum

Measured spectrum

NIST spectrum



Confidently annotating unknown PFAS compounds
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Bringing together multiple resources to annotate at Level 3 confidence

Matching acquired MS2 spectrum to the

FluoroMatch PFAS fragment database

Matching acquired MS2 spectrum to the Duke 

University in-silico generated PFAS library

Measured spectrum

in-silico spectrum

Measured spectrum



Diving deeper in the interpretation of MS2 spectra
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Utilizing the SledgeHammer tool in Mass Frontier to better understand MS2 fragmentation

Leverages >54,000 

fragmentation schemes that 

cover mechanisms published 

in major journals
Generates list of predicted 

fragments from polyglycerol

For each predicted 

fragment a full reaction 

mechanism is provided



Evaluating overall PFAS composition across samples
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Built-in plotting tools to visually investigate difference in PFAS composition

Orthogonal MS1 plot*Differential analysis plot
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*Orthogonal MS1 plots were developed by Kaufman et al. 2022, 105 (5), Journal of AOAC International

Spiked (1 ppt) vs. Unspiked Spiked (75 ppt) vs. Unspiked



Why PFAS by GCMS ?
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• Added value to LCMS

• Complementary results, alternative for LC difficult compounds

• Cross confirmation of results

• Target quantitation, screening, and non-targeted (unexpected) analyses all available

• High throughput

• System always ready- EI, PCI modes and easy change between them

• Obtain Solvent Quality information in mobile phase or sample prep

Targeted

Quantitation

Expected  

Scope 

Unknowns

Profiling

Unexpected  

Targeted

Screening

Suspected  



Tools added for GC-Orbitrap NTA analysis- CD version 3.4
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• Dedicated GC-Orbitrap PFAS workflow template

• Updated PFAS compound database

• Adding more chemicals to GC Orbitrap Contaminants library  

• CSC and collaborator labs completing full methodology



Some recent publications PFAS using GC-HRMS 
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Conclusions

27 richard.cochran@thermofisher.com

▪ Automated dispersive liquid-liquid microextraction (DLLME) is a promising technique to extract and 

concentrate PFAS from drinking water samples. The resulting extract from a single sample preparation 

can then be measured by both quantitative targeted and non-targeted analysis in separate runs, as well 

as further exploration by GC-Orbitrap analysis.

▪ Quantitative targeted analysis showed good accuracies at low (1 ng/L) and high (75 ng/L) spiking level, as 

well as reproducibility (<30%, n=7) over several days. The use of internal standards for selected PFAS 

classes can additionally improve obtained results in terms of accuracy.

▪ The non-targeted analysis workflow in Compound Discoverer 3.3 SP3 provides a comprehensive package 

enabling confident annotation of unknown PFAS compounds through the use of multiple spectral libraries, 

fragmentation databases and as well as understanding differences in PFAS composition across samples.

▪ CD version 3.4 will greatly expand the workflow capabilities for NTA using GC-Orbitrap
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