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In-depth investigation of PFASoccurrence in environmental samples combining LC-VIP HESFTIMS-QTOF MSwith PASEF

anduntargeted 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,

restricted within EU Ao
(water DIRECTIVE (EU) 2020/2184) £5

— emerging PFAS
IH; l:

C/' Comprehensive HRMS-based screening for the identification of the PEAS
fingerprint in the environmental compartments.

Analytical challenges @ o

C Lack of reference standards, molecular databases or spectral libraries A

C Low concentration levels of PFASIn environmental matrices
C Isomeric/isobaric co-eluting PFASand matrix interferences
C MS/MS spectra inefficiency in complex matrices
C complex MS/MS spectra through DIAmodes
C lack of experimental DDAMS/MS spectra

\ Methods

generic sample preparation protocols

\j\ Simultaneous extraction of PFAS fromdifferent sub-classes
(different physicochemical properties)

RPLCT VIP HESI{) T TIMS T QTOFIMS

TargetScreener 4D

acquisition modes:
V bbCID
V PASEF

MetaboScape 2024b Met

© 2024 Bruker

(<O

Results
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Feature extraction
T-ReX4D algorithm

\9“@ Matrix

09000

Complexity
>10,000 features

\J

need for efficient

/untargeted workflows

50 Thorough evaluation of the findings
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N Annotation Source & Mame Molecular Formula m/zmeas. FRT[min] CCS{AY)  AQ  * | Am/z [mDa] M5/MS score mSigma  ACCS [3]
- - 1 MORMAMN PRORISKPFAS = Cyclohexanaminium p...  CgHF+7032 46296311 9.20 164.5 -0.060 973.8 1.0 -2.8
FI Ite rI n .I: th n n t t d 2 NORMAM PRORISKPFAS | 3,3,44.5,5,6,66-Nonafl...  CgHFyz03 41296631 9,00 155.6 -0.071 967.7 2.9 2.7
g O e a O a e 3 NORMAN PRORISKPFAS | Sodium 3,3,4,4,5566,7,... CgHsFi3055 42696814 9.06 167.9 0,113 924.6 16.8 19
4 MNORMAM PRORISKPFAS | Sodium perflucrodecan...  CigHF1202 512.95991 10.51 173.6 -0.124 957.7 155 -2.1
CO m pO U n dS 5 | NORMAM PRORISKPFAS | Perflucroundecanoic a..  CqiHFz10z2 562.95648 11.11 182.4 -0.138 9421 10.3 -1.5
& MNORMAM PRORISKPFAS | TH1H-Perflucropropyl .. = CgHsFsOz 20301383 1.67 133.6 0,050 214.0 6.9 1.1
¥ NORMAN PRORISKPFAS | Pipendinium perfluoro... = CgHF:7035 498.93026 9.78 167.9 0.006 614.2 2.6 -2.5
- - 8 MNORMAM PRORISKPFAS | Perfluorooctanesulfona.,., = CgHzFi7MNOS5 457,94563 11.05 169.3 -0.059 8691 159 -1.9
U nvel I I ng Of PFAS Su bCIasseSVVIth 9 NORMAM PRORISKPFAS | Perfluorooctanesulfonate  CgHF:7035 498.92986 10.08 167.8 -0.362 617.1 50 -2.6
. . . . 10 NORMAMN PRORISKPFAS | Silane, trimethyl{trideca..  CgHgF435i 391.01M7 1.79 170.6 -0.146 727 248 -0.7
Ch araCte rIStI C frag m e ntatl O n p rOfI I e 11 NORMAM PRORISKPFAS | Silane, trimethyl{tnideca.. CgHgF35i 391.01912 1.20 170.8 -0.242 270 284 -0.6
1 1 12 NORMAMN PRORISKPRAS | (4-Cyclohexylphenyl){d.. = CzaHzss 34416081 %M 183.5 -0.327 78.0 471 0.7
(CharaCte"Stlc fragmentS) 13 | NORMAM PRORISKPFAS | Cyclopentene, 1,3,344,... CsHFy 192.88940 5.03 117.5 0.003 1000.0 72 3.2
14 NORMAM PRORISKPFAS | H-substituted Perfluoro..,  CizHzFz20z 594.96273 10,39 171.2 -0.009 1000.0 10,0 -10.5
15  MNORMAN PRORISKPFAS | 1,1,1,2.2.3,3,445,5Und... CgHFq4 268.98312 7.07 123.8 0.181 1000.0 7.8 9.1
‘ot M S S Q L 16 NORMAM PRORISKPEAS, Perfluorocheptancic aci., | CyHF430;2 362.96%65 an 146.2 0,031 953.8 4.9 -3.9
e.g.. The MS/MS spectra of PFCAs
containing the following fragment ions: . o
118.987, 168.987 and 218.986 for C2F5,
C3F7-, and CAF9-respectively. Y A .
rVoowum/z !
I _
t VRt fitting !
'V Isotopic profile fitting :
a -
Evaluationof the proposed annotations 1 ¥ MS/MS spectrum matching |
' V. %uCCS ;

from the suspect screening workflow

—

Mame Maolecular For..  AQ = MS/M5 | Am/fz[mDa]  mSigma M5/M5score  ACCS5[%]  Structure
C:cluhexanaminium perfluo...  CoHF370, g “| L -0.060 11.0 973.8 2.8 DDQ
Perflucrebutylsulphonamide CaHzFgMNO25 i 0.202 43 4908.8 -4.1 DE
Perfluorooctanesulfonamide.. | CeHoFNO25 @ G |l -0.059 159 860.1 19 o9

Name Molecular For... #Frag IntCov. [...

1| 1,1,2.2,3,3,4,4,4-Nonafluorobutane-1-sulfonimidic a... CaH2FgNO2S 3 97.468
2 | Perfluorobutylsulphonamide C4HaFgNO;S 3 97.468
3| N,N,1,1,2,2,4,4 4-nonafluorobutane-1-sulfonamide CaHzFgNOS 1 1.211

O

[C25]- 63.962 -0.4 163.210
[HZNO25-H]-H- 77.965 [2H] -0.4 12846473
[C4Fa]- 218.928 -20 129.967

lon Farmula m/z meas. A mfz [mDa) Int. IntCow. [%]

1.2
95.3
1.0

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

PFAS
chemical space

Blank Subtraction

~430 features

procedural blank

repeating unit: CF,
~1,850 features
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Mame Molecular Formula InChl Meutral Ma... RT [min] add CC5
16:2-FTEOSE:27,27,28,28,29,29,30,30,3 [C34H27F3205 InChl=15/C34H37F330%/c35-19(36," 1216.19106 0.00 add CC5
2-((3,3,4.45,5,6,6,7.7.8,8991010,109 §C1zHzF3702 InChl=15/C12HSF1702/c13-5(14,1-2 508.03311 0.00 add CC5
M-hydroxyethyl dimethylammoniof |CigHz4F12MNz085; InChl=15/C16H23F13M20652/c1-31 651.08682 0.00 add CCS
perfluorobutane sulfate;perflucrobd §JC4HF045 InChl=15/CAHF3045/c3-1(6,3(9,10)1 31594518 0.00 add CC5
perflucropentane sulfateperflucrog JCsHF11045 InChl=15/C3HF11045/cb-1(7,2(8,9)¢ 365.941499 0.00 add CCS
perflucrohexane sulfate CeHF43045 InChl=15/CeHF13045/c7-1(8,3(11,1. 415.938820 0.00 add CC5
perflucroheptane sulfate C7HF15045 InChl=15/CTHF153045/c8-1(9.2(10,1 465.93560 0.00 add CC5
perfluorooctane sulfate CgHF17045 InChl=15/CBHF17045/c8-1(10,3(13, 515.93241 0.00 add CC5
perflucrononane sulfate CgHF45045 InChl=15/CO9HF19045/c10-1(11,2(12 565.92921 0 W d CCS
perfluorodecane sulfate CygHF24045 INChl=15/CTI0HF21045/c11-1(12,3(1 615.92602 0% ad CCS
1H,1H,8H,8H-Perflucro-3,6-dioxaoq |CsHeFzO04 InChl=15/CeHEF204/cT-3(8,1-1517 204.01383 0.00 add CCS
Perfluoro-3,6-dioxacctane-1,8-dioig JCsHzFz0s InChl=15/CeH2F206/c7-3(8,1(13)16 321.97236 0.00 add CC5
3,3-Bis{trifluoromethyl)-2-propencif §CsHzF:0; InChl=15/C5H2Fe02/ct-4(7,8)2(1-3i 207.99590 0.00 add CC5
3-(Perfluoroisopropyl)-2-propenoic) §CeHaF70; InChl=15/CoH3FTO2/c7-4(5(8,9)10,¢ 240.00213 0.00 add CC5
4H-Perfluorobutanoic acid CaHzFe02 InChl=15/CAH2F602/c5-1(6)3(7 &) 19599550 0.00 add CCS
2,2-Diflucroethyl triflate CaHaFc035 InChl=15/C3H3F3035/c4-2(3)1-11-1 213.9723 0.00 add CCS
Pentaflucropropanocic anhydride CgFi002 InChl=15/CoF1003/c7-3(8,5(11,1211 309.96878 0.00 add CCS
3H,3H-Perfluoro-2,4-hexanedione | |CsHzFz02 InChl=15/CeH2F202/cT-4(8,6(12,13] 257.99270 0.00 add CC5
4967 \ 2-(Triflusromethoxy]ethyl trifluorog) §CaHaFg045 InChl=15/C4H4Fe045/c5-3(6,7)13-1 261.97345 0.00 add CC5
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MS/MS spectra annotation

=\

Fate of the parent
compound?

A Retention Time prediction
A CCS predictione
A in-silico MS/MS spectrum
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[M-H]-
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Annotation

Using extensive suspect lists

(e.g.NIST suspect list of possible PFAS,

Suspect List of Possible Per- and Polyfluoroalkyl Substances (PFAS) N H
Contact: Benjamin Place.. »
Identifier: doi 1

j

0.18434/mds2-2387
Version: 1.7 ... »  Revise d. 2023-01-05

Research Topics: Chemistry: Analytical chemistry, Environment: Environmental health

environmental, high-resolution mass spectrometry, perfluoroalkyl substances, polyfluoroalky! substances

Data Access

@ These data are public.

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

identifiers) of possible per- and polyfluoroalkyl substances (PFAS). The data provided in the PFAS Susj
bsites. Therefore, th

iterature, patent literature, ublic 3 and accur. the compe
itute of Standards & Technology does not endorse or provide any assessment of confidence with the information provided

containing 4,967 compounds)

National Institute of
Standards and Technology
pect List has been aggregated from public sources and users
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Conclusions

V LCTIMSHRMS s a powerful analytical platform for the confident identification of

PFASIn complex environmental matrices.
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V Prioritization, statistical

: . 1
analytical evidence

S

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

o 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.

Evaluatlon of the predicted CCS value lon Mobility: Applications |

For Research Use Only. Not for use in diagnostic procedures.
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