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In-depth investigation of PFAS occurrence in environmental samples combining LC-VIP HESI-TIMS-QTOF MS with PASEF

and untargeted data processing.
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Introduction
> 9,000 Per- and Polyfluoroalkyl Substances (PFAS) including

transformation products and metabolites

conventional PFAS

PFCAS (n=4-13), PFSAS (n=4-13), ADONA,

GenX . e
restricted within EU

(water DIRECTIVE (EU) 2020/2184)

- emerging PFAS
M; l:

Comprehensive HRMS-based screening for the identification of the PFAS
fingerprint in the environmental compartments.

Analytical challenges @ O

Q Lack of reference standards, molecular databases or spectral libraries
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O Low concentration levels of PFAS in environmental matrices
Q Isomeric/isobaric co-eluting PFAS and matrix interferences
O MS/MS spectra inefficiency in complex matrices
O complex MS/MS spectra through DIA modes
Q lack of experimental DDA MS/MS spectra

Methods

generic sample preparation protocols

Simultaneous extraction of PFAS from different sub-classes
(different physicochemical properties)

RPLC — VIP HESI (-) — TIMS — QTOF MS

TargetScreener 4D

acquisition modes:
v' bbCID
v' PASEF

Met

MetaboScape 2024b
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Results

Feature extraction
T-ReX 4D algorithm

Filtering of the annotated

compounds

Unveiling of PFAS subclasses with
characteristic fragmentation profile

(characteristic fragments)

MMassQl }

e.g.. The MS/MS spectra of PFCAs
containing the following fragment ions:
118.987, 168.987 and 218.986 for C2F5,

C3F7, and C4F9 respectively.

Evaluation of the proposed annotations
from the suspect screening workflow

LC-TIMS— HRMS data
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N Annotation Source & Mame Molecular Formula m/zmeas. FRT[min] CCS{AY) AQ Az [mDa] M5/MS score mSigma  ACCS [3]
1 MORMAMN PRORISKPFAS = Cyclohexanaminium p...  CgHF+7032 462.96311 9.20 164.5 -0.060 973.8 1.0 -2.8
2 MNORMAN PRORISKPFAS | 3,3,4,4.5,5,6,6,6-Nonafl... = CgHF3:0; 412.96631 9.00 155.6 -0.071 967.7 8.9 -27
3 MNORMAMN PRORISKPFAS | Sodium 3,3,4,4,5,5,6,6,7,... CgHcFy3035 426.96814 .06 167.9 0113 924.6 16.8 19
4 MNORMAM PRORISKPFAS | Sodium perfluorodecan... CioHF1502 51295991 10.51 173.6 -0.124 957.7 15.5 -2.1
5 MNORMAMN PRORISKPFAS  Perfluoroundecanocic a... | CyiHFz:03 562.95648 11.11 182.4 -0.139 9421 10.3 -1.5
] MNORMAM PRORISKPFAS | TH1H-Perflucropropyl .. = CgHsFsOz 203.01338 1.67 133.6 0.050 214.0 6.9 1.1
T MORMAM PRORISKPFAS | Piperidinium perfluore...  CgHF47035% 498.93026 9.78 167.9 0.006 614.2 2.6 -2.5
8 MNORMAMN PRORISKPFAS | Perfluorooctanesulfona.. | CgHzFi7MN025 497.94568 11.05 169.3 -0.059 269.1 15.9 -1.9
MNORMAMN PRORISKPFAS | Perfluorooctanesulfonate  CgHF37035 498.92986 10.06 167.8 -0.362 617.1 5.0 -26
10 NORMAMN PRORISKPFAS | Silane, trimethyl{trideca..  CgHgF435i 391.01917 1.79 170.6 -0.146 727 24.8 -0.7
11 NORMAN PRORISKPFAS | Silane, trimethyl{trideca... CgHgFq35i 391.01912 1.20 170.8 -0.242 27.0 284 -0.6
12 NORMAMN PRORISKPRAS | (4-Cyclohexylphenyl){d.. = CzaHzss 344.16081 31 183.5 -0.327 7.0 471 0.7
13 NORMAMN PRORISKPFAS = Cyclopentene, 1,3,344,... CHF; 192.98940 5.03 117.5 0.003 1000.0 7.2 -3.2
14 MORMAM PRORISKPFAS = H-substituted Perfluoro...  CyzHzFz20: 504.96278 10.39 17.2 -0.009 1000.0 10.0 -10.5
15  NORMAM PRORISKPFAS  1,1.1,2.2.3,3,4455-Und... CgHFq4 268.98312 T.07 123.8 0.181 1000.0 7.8 -9.1
16 NORMAM PRORISKPEAS, Perfluorocheptancic aci., | CyHF430;2 362.960965 an 146.8 0.031 953.8 45 -39
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' v Isotopic profile fitting !

' v/ MS/MS spectrum matching |

()
v %ACCS |

Prioritization

v statistical differences/trends of sub-groups (e.g. volcano plot, PCA)
v" structural similarity (e.g. KMD plot)

Kendrick Mass Defect (KMD) plot
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\ 2-(Triflusromethoxy]ethyl trifluoroy

MName
16:2-FTEOQS;27,27,28,28,29,25,30,30,3
2-((3,3,4,4,5,5,6,6,7,7,8,89,9,10,10,10
M-hydroxyethyl dimethylammonio|
perfluorobutane sulfate; perflucroby
perfluoropentane sulfate;perflucrog
perflucrohexane sulfate
perfluorcheptane sulfate
perfluorooctane sulfate
perflucrononane sulfate
perfluorodecane sulfate
1H,1H,8H,8H-Perfluoro-3,6-dioxaod
Perfluoro-3,6-dioxaoctane-1,8-dioig
3,3-Bis{triflucromethyl)-2-propencij
3-(Perfluoroisopropyl}-2-propenoic|
4AH-Perfluorcbutanoic acid
2,2-Difluoroethyl triflate
Pentaflucropropanocic anhydride
3H,3H-Perfluoro-2 4-hexanedione

Molecular Formula
C34Hz7F3:0g
CizHgFi702
CygHz4F12Mz0852
CyHF5045
CcHF11045
CsHF13045
C7HF15045
CgHF7045
CgHF45045
CygHF24045
CeHsFs04
CeHzFsOs
CcHzFs0;2
CeHaF702
C4HFs05
CaHaFs035
CaF1002
CegHzFe02

CaHaFg045
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Blank Subtraction

~430 features

procedural blank

PFAS

chemical space

—————
InChl

InChl=15/C34H3TF330%9/c35-19(36,”
InChl=15/C12HIF1702/c13-5(14,1-
InChl=15/C16H23F13N20652/c1-31
InChl=15/C4HF9045/c5-1(6,3(3,10)1
InChl=15/C5HF11045/c6-1(7,2(8,9)
InChl=15/CEHF13045/c7-1(8,3(11,1;
InChl=15/C7THF15045/c8-1(9,2(10,1
InChl=15/C8HF1T045/c8-1(10,3(13,
InChl=15/COHF19045/c10-1(11,2(12
InChl=15/C10HF21045/c11-1(12,3(1
InChl=15/CEHEFS04/cT-3(8,1-15)17
InChl=15/CEH2FS06/c7-3(8,1(15)16
InChl=15/C5H2F602/ c6-4(7,8)2(1-3)
InChl=15/C6H3FT02/c7-4(5(8,9) 10,€
InChl=15/C4H2F602/c5-1(6)3(7,8)4
InChl=15/C3H3F5035/c4-2(5)1-11-1
InChl=15/C6F1003/c7-3(8,5(11,12)1
InChl=15/CEH2FS02/cT-4(8,6(12,13;

InChl=15/C4H4F6045/c5-3(6,7)13-1
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Evaluation of the predicted CCS value
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CCS prediction e
in-silico MS/MS spectrum

Annotation

Using extensive suspect lists
(e.g. NIST suspect list of possible PFAS,
containing 4,967 compounds)

Suspect List of Possible Per- and Polyfluoroalkyl Substances (PFAS)

Contact: Benjamin Place.. » N H
I ifier: doi: 10.18434/mds2-2387
Ver:

n:1.7 .. » Revise d. 2023-01-05

National Institute of
Standards and Technology
AS Suspect List has been aggregated from public sources and users,
nd other properties have not been validated

literature, patent literature, and public we les. Therefore, the quality and accuracy of the compound names, stru
itute of Standards & Technology does not endorse or provide any assessment of confidence with the information provided
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Data Access

@ These data are public.

Files @@ Click on the file/row in the table below to view more details.

Conclusions

v LC-TIMS-HRMS is a powerful analytical platform for the confident identification of
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analytical evidence

CCS-Predict Pro
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PFAS in complex environmental matrices.

v' Wide-scope suspect screening provides high confidence annotations in an
efficient way, using KMD filtering, big suspect lists and in-silico prediction tools.

v' Prioritization, statistical and in-silico prediction tools are included in the
MetaboScape software, which facilitate the confident identification of PFAS.

v In the 4D HRMS data, acquired using PASEF, high MS/MS coverage can be
achieved and, therefore, the identification of suspected structures is facilitated.
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