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PFAS: A Global Issue

Fluorocarbons with possible health impact and environmental dispersal

Variable length fluorocarbon tail

PFAS are used in many consumer products and have slow environmental degradation, so 
they can disperse widely and bioaccumulate. They might have negative health effects.
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Large number of compounds 
(thousands) with different head 
groups, chain lengths, and 
branching make targeted 
detection difficult.

The possible PFAS are not all 
known in advance. In targeted 
analysis, rerun of the sample is 
required to measure additional 
targets.
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Can detect unknowns
Accurate mass gives confidence
Expand target list without reruns
DDA/DIA for MS2 spectra

Target list known in advance
Excellent selectivity and sensitivity
Rapid
Easy data processing

Targeted Non-targeted
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Can detect unknowns
Accurate mass gives confidence
Expand target list without reruns
DDA/DIA for MS2 spectra

Data processing requires specialist
Generally higher detection limits

Target list known in advance
Excellent selectivity and sensitivity
Rapid
Easy data processing

Rerun sample to expand target list
Cannot detect unknowns

Targeted Non-targeted
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NIST recruited labs for non-targeted interlaboratory 
study of PFAS in three unknown samples

Sample A: analytical standards for 
PFAS

Sample B: mixture of two different 
AFFF commercial formulations 
diluted in methanol

Sample C: a methanolic extract of an 
AFFF-impacted soil

Blind study samples

NIST Internal Report 8544 Per- and Polyfluoroalkyl Substances –Non-Targeted Analysis Interlaboratory Study Final Report, Benjamin J. Place et al. 2024 (https://doi.org/10.6028/NIST.IR.8544)
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Method Conditions for Extended 

gradient for non-target PFAS

Modified from standard 1633 
method, lengthened for capturing 

full range of suspects

DDA for MS2 spectrum 

comparison

ESI/DUIS
Interface TOF

Reflectron

Collision Cell
Quadrupole

Qarray/Multipoles
Detector

LCMS-9050
QToF MS
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Scan range based on the suspect list. About 95% of suspects are between 200 and 
1000 m/z.

Positive and Negative ESI runs
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NIST Library Matches FluoroMatch MatchesNIST Suspect List Matches

Three different, complementary workflows used, results combined and quality 

controlled
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NIST Library Matches FluoroMatch MatchesNIST Suspect List Matches

Merged List      

Three different, complementary workflows used, results combined and quality 

controlled
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NIST Library Matches FluoroMatch MatchesNIST Suspect List Matches

Merged List      

Final Detected List

Peak quality check

Isotope pattern check etc.

Three different, complementary workflows used, results combined and quality 

controlled
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⚫ Shimadzu’s commercial 
software for 
quantitative and 
qualitative analysis by 
QToF. 

⚫ Features library 
searching, elucidation of 
compound structure 
and sample 
composition.
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We converted the NIST library from the original form (SQLite DB) into Insight-

readable form (.mlb)

Detected peaks with MS2 (DDA) spectra were searched against the library

SQLite DB

NIST PFAS library conversion

.mlb

Conversion criteria

NIST Library Matches
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Insight Explore using 

Analyze function for 

peak picking, matched 

against NIST suspect list

M+

M+H

M-H

NIST Suspect List Matches
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Targets 

from NIST 

Suspect 

List

Peaks 

detected 

using 

Insight 

Analyze

MS1 matches

m/z error < 5

Search these against MS2 

DB from NIST to match a 

few targets

Also search against known 
common product ions and 
neutral loss using custom 
written C++ program

Matched to NIST 

MS2 library

NIST Suspect List Matches
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• Negative mode DDA 

files were uploaded to 

FluoroMatch software. 

• Internal library and 

Kendrick plots were 

used for identification. 

• Results were visualized 

and further analyzed in 

Power BI. 

FluoroMatch Matches
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Outlier/out of trend

Each target was evaluated 

based on recommended 

scoring criteria. Identified 

matches were screened 

for outliers and false 

positives using Insight 

Explore.

FluoroMatch Matches
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Key Detection by
LIB NIST MS2 Library
FM FluoroMatch
MH POS/NEG NIST Suspect List mz

Features in the merged list were 

checked for peak quality, isotope 

score etc. to make the final list of 

detected features

NIST Library Matches FluoroMatch MatchesNIST Suspect List Matches

Merged List      

Final Detected List

Peak quality check

Isotope pattern check etc.
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Each match was qualified for 

isotope pattern, peak shape, 

RT in expected range etc.
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(x100,000)
1:362.9623-362.9769(-)

Isotope scoring, example PFHpA, C7HF13O2

Blue: Theoretical spectrum

Black: Observed Spectrum

Matches with poor peak or pattern 

quality were rejected. Peaks found in 

blanks were also rejected.
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Multi platform match
NIST Library Match 
Suspect List Match

FluoroMatch

Iso Score >20

PPM error <5

FlouroNatch Score >C+

Number of Matching Neutral loss >1
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Sample Pos Neg Total
A 9 40 49
B 44 57 101
C 29 105 134

Number of detected features
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Sample A – PFAS standards

NIST Internal Report 8544 Per- and Polyfluoroalkyl Substances –Non-Targeted Analysis Interlaboratory Study Final Report, Benjamin J. Place et al. 2024 
(https://doi.org/10.6028/NIST.IR.8544)
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Sample A – PFAS standards

NIST Internal Report 8544 Per- and Polyfluoroalkyl Substances –Non-Targeted Analysis Interlaboratory Study Final Report, Benjamin J. Place et al. 2024 
(https://doi.org/10.6028/NIST.IR.8544)
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NIST Internal Report 8544 Per- and Polyfluoroalkyl Substances –Non-Targeted Analysis Interlaboratory Study Final Report, Benjamin J. Place et al. 2024 

(https://doi.org/10.6028/NIST.IR.8544)

Sample B – AFFF extract
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NIST Internal Report 8544 Per- and Polyfluoroalkyl Substances –Non-Targeted Analysis Interlaboratory Study Final Report, Benjamin J. Place et al. 2024 

(https://doi.org/10.6028/NIST.IR.8544)

Sample B – AFFF extract
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NIST Internal Report 8544 Per- and Polyfluoroalkyl Substances –Non-Targeted Analysis Interlaboratory Study Final Report, Benjamin J. Place et al. 2024 

(https://doi.org/10.6028/NIST.IR.8544)

Sample C – Soil extract
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NIST Internal Report 8544 Per- and Polyfluoroalkyl Substances –Non-Targeted Analysis Interlaboratory Study Final Report, Benjamin J. Place et al. 2024 

(https://doi.org/10.6028/NIST.IR.8544)

Sample C – Soil extract
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⚫ Our laboratory [DIM003] was the only one which successfully reported 
100% of the analytes in all three tables. 

⚫ Our three-pronged approach gave comprehensive identifications without 
excess false positives.

Sample Positive Match Negative Match Total
A 9 40 49
B 44 57 101
C 29 105 134

NIST Internal Report 8544 Per- and Polyfluoroalkyl Substances –Non-Targeted Analysis Interlaboratory Study Final Report, Benjamin J. Place et al. 2024 
(https://doi.org/10.6028/NIST.IR.8544)
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• We developed a non-target screening method for PFAS

• Participated in the NIST interlaboratory study

• Method uses three complementary approaches

• Merging of matches and quality checking

• Assignment of identification confidence level

• Favorable results in interlaboratory study

NIST Library Matches FluoroMatch MatchesNIST Suspect List Matches

Merged List      

Final Detected List
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For any questions, contact:
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rmmarfilvega@shimadzu.com

Om Shrestha
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