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Brauchen wir LC-HRMS-Screening fur PFAS-kontaminierte
Standorte? —

Maoglichkeiten und Grenzen am Beispiel von 3 Standorten

Christian Zwiener
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* PFAS or their TPs are persistent et
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 New analytical approaches for
PFAS and TPs

 Nontarget screening by HRMS
- data prioritization

Unknown - identification
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Liquid chromatography (Agilent 1260 Infinity System) IR K G o)
Gas chromatography (Agilent 7890B) * Electrospray-ionization (ESI)

High-resolution mass spectrometry « Atmos. press. chem. ionization (APCI)

6550 iFunnel Q-TOF (Agilent Technologies) « DDA or DIA of MS/MS for a defined mass
range (e.g. 100-1000 Da)




Nontarget Screening
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MD/C — m/C approach
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»Typical® molecule:

C:27H43N()2
413.3294 Da
m/C = 15 |

PFAS:

CHF,:O,
413.9737Da |
m/C = 52! )

Kaufmann et al. (2022) J. AOAC Int. 105: 1280-1287.
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MD/C — m/C approach URIVERSILAT
0.020
»Typical® molecule: 0.015 A
5743 - 345 features
Co7HasNO, 0.010 ~ . AFo
413.3294 Da Data reduction = 95%
m/C =15 | @) 0.005 A 200
—— Q
E 0000 7 g 300 -
PFAS: 3 200
_0005 7 100 -
C8HF1502 ° .
413.97/37 Da | —0.010 - 20 40 60
m/C = 52! _— m/C
—-0.015

Analytical and Bioanalytical Chemistry
https://doi.org/10.1007/500216-023-04601-1

PAPER IN FOREFRONT

Efficient PFAS prioritization in non-target HRMS data: systematic
evaluation of the novel MD/C-m/C approach

Jonathan Zweigle' - Boris Bugsel - Christian Zwiener'®
Kaufmann et al. (2022) J. AOAC Int. 105: 1280-1287. 7
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Zweigle et al. Anal. Bioanal. Chem. (2024) 416: 349 - 362 8
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1) Paper samples (FTMAPs & FTSAS) Iﬂf B NPT
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Bugsel et al. ABC 414 (2022) 1217-25 T R i
i 23
0. OH Q. OH L[ F sa
P O'P‘O HO 0 H :
FTMAP X X _8=0
Ow o= HO — P13
S S —_— =S8 R — —_— F [ | 5 :i:
F|?<F_/ g( F;(F_/ 0% X F™ E ")
F F —_— | Pa
F F F F . @ :
Rastatt + Mannheim  j Mannheim! | H H H |
> 1000 ha g I |]H H ﬂ Tissgees REEE
Paper sludge R ™ N e -.-JI IIZIH Hﬂ:ﬂﬂ n 1L ] Hnm

8
L A 1
N _— II--_____II Il_. Il_llll

Bugsel & Zwiener ABC 412 (2020) 4797-4805; Zweigle et al. ABC 416 (2024) 349-362 9
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di-U-ether-PFSAs

U-SF5-PFSAs H,-PFSAs
H-PFSAs Other  bECAS E@!Iﬂunp‘lﬁnllﬂl-
U-ether-PFSAs / / BNce &Iechn ﬂuu
’ 4 2 pubs.acs.org/est

] = Cs Co Ca10
Brilon-Scharfenberg CI-PFOS &\ > PFSAs
~10 ha Ether-PFSAs \ PFAS-Contaminated Soil Site in Germany: Nontarget Screening
Waste? 1% @ =" before and after Direct TOP Assay by Kendrick Mass Defect and
/,E \ “ \ .
U-PFSAs \ FII‘IdPFAS
Jonathan Zwei; le.‘,‘I Boris Bu sel,‘I Klaus Rohler, Alexander Arthur Haluska, and Christian Zwiener®
\ C 8 &
E 0 0 / P1F1é1;s Cite This: https:/doi.org/10.1021/acs.est.2c07969 I: IRead Online
= F
_(I)I F F\:F (n?F = o‘('s?,FoFF
40 O—S—EH—’S‘—F O-S{ X F " gfﬁn {—Bm
o F"F O FF
SF.-PFSAs

* 77% ,new” PFAS on this site
« 70 ,new” PFAS from 10 further PFAS classes
» Perfluorinated PFAS are dominating

- Pentafluorosulfanyl-PFAS (C7-C11)

- PFSA and U-PFSAs (C8-C16)

TOP assay & target analysis captured only < 25%

Zweigle et al. ES&T 57 (2023) 6647-55 10
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Known contaminants: Capstone B, 6:2/8:2 FTS, PFOSA, PFAAs (8 PFCA, 5 PFSA)
Reilingen PFAScreen: 124 PFAS from 42 compound classes
AFFF, 2008

Prioritized peak areas ESI-
(3.86 x 108)

Identified peak
Identified peak Total peak areas
areas areas ESI- PFAS Level 1-3

PFAS Level 4-5 (1.8 x 10°) (1.84 x 108)
(2.22 x 107)

Total peak
areas

ESI+ & ESI-

® (2.89 x 109)

Total peak
areas ESI+
(1.09 x 109)

Prioritized peak
areas

Identified peak ESI+
areas (1.96 x 108) Identified peak
PFAS Level 1-3 areas
(3.25 x 108) PFAS Level 4-5 S-S .
(5.92 x 109) . X
haosrven Ad s PRl Sscemee

L DAL A

cairmrrrae QeauS SU20 -
-

11



EBERHARD KARLS

' ] - ] ] UNIVERSITAT
NTS applications: Contaminate soils ST
Reilingen £ ¢R PFASAmM-PrSA  PFASAm-Pr-DiMeAm
AFFF, 2008 FsClHS-NH O, OH ‘e’"nll/
F|O %3y
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FTBs 13.00 . Q Q. .OH
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New identified PFAS in soil samples n:2/m:2 FTSAm dimer
(n=6/m=6, 8)

* n:2/Im:2 FTSAm-dimer o4o
. . F N F
« Diagnostic MS? fragments S—N-$
. F,C o) o) CF3
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Exact Mass: 345.9590 Chemical Formula: CgHyF1,NO,S" a
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. PN 3x-HF . - pe
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PFAScreen: 124 PFAS detected

only 28 PFAS covered by analytical standards - quantification
96 PFAS - semiquantification

Novel semiguantification approach

- Matrix-matched calibration
- Average calibration curves for
specific functional groups

» Carboxylic acids (20)

» Sulfonic acids (12)

» Sulfonamides (6)

» Cationic/zwitterionic PFAS (5)

Cao et al. JASMS 34 (2023) 939-47

All PFAS Calibration Curves Grouped Calibration Curves Remove Sample Response
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—— Linear Regression
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_ Carboxylic Acids (R*=0.69) __ Sulfonic Acids (R* = 0.82)
@ 6.0 1 Qata . g 6.5 - Qata ‘
g cc —— Linear Regression g 6.0 —— Linear Regression 20 39 PFAS Standards at 7
g L5 calibration levels
c Lol =50 4 Matrix dilutions
Q- 451
S 4.0 3 15 -
8asl - 849 . . AAQ: 1.32x - 2.27x

-1 0 1 0 1 c

log10(Concentration) logio(Concentration) 3

Sulfonamides (R? = 0.60) Cationic PFAS (R2 = 0.77)

@ 6.5 Data @ Data

< —— Linear Regression < 6.01 — Linear Regression >

5 6.0 S

Q @ 5.54

£ 55 £

Q @ 1

% 5o 0 5.0

(@) o ]

8 4s g 45

§4.0 83.,4-0'

- ~05 00 05 10 15 -0.50.0 0.5 1.0
logio(Concentration) logio(Concentration)

10 Differentiation into

lonization classes improves
{ accuracy

Carboxylic Sulfonic Sulfon- Cationic All Anionic
Acids Acids amides PFAS PFAS

X=1.70)(X=1.32)(Xx=227)(Xx=1.78) (X =2.15
(x ) ( )( )( ) ( ) Csemiquant .
Couant | if Csemiquant > Cquant
Absolute accuracy quotient (AAQ) = Cq
quant
Coemiquant’ if Cquant > Csemiquant

Capitain, Schussler et al. ES & T (revision submitted 02/2025) 15



6:2 FTSAm-Pr-B

6:2 FTSO-(2")OHPr-TriMeAm
6:2 FTSy-(2")OHPr-TriMeAm
PFOS

5:1:2 FTB

7:1:2FTB

9:1:2 FTB

6:2 FTSAm

6:2 FTSA

8:2FTSA

6:2 FTSAm-Pr-DiMeAm
7:3FTB

5:3FTB

9:3 FTB

PFHxS
PFOSAmM-Pr-TriMeAm
11:1:2 FTB

PFOA

6:2/6:2 FTSAm dimer

6:2 FTTh-(2')OHPr-TriMeAm
PFPeA

8:2 FTSy-(2")OHPr-TriMeAm
8:2 FTSO-(2")OHPr-TriMeAm
6:2 FTSAm-N-Me-N-PrA

5:3 FTCA

SF5-PFOS

6:2 FTSAm-Pr-MeAm
PFHXSAm

PFOSAmM
PFOSAm-Pr-DiMeAm
SF5-PFNS

6:4 FTB

PFHpS

8:2 FTSy-PrA
PFPeSAm

K-6:2 FTSA

6:2 FTSy-PrA

6:2 FTSAm-PrA

6:2/8:2 FTSAm dimer
PFBA

PFOSAmM-EtA

CI-PFOS

6:2 FTB

8:2 FTSAm-Pr-DiMeAm
PFOSAm-Pr-B

8:4 FTB

K-8:2 FTSA

PFNS
PFHxSAm-Pr-TriMeAm
PFBSAm

6:2 FTSAm-U-Pr-DiMeAm
8:2 FTB

Il Level 1
I Level 283

1073 1072 10-! 1

Concentration (ug/g)
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Reilingen Site — Semiquantification

om
0, 1020/0 mass balance /// 5 NT of 10 most

0om| g s 17 abundant AFFF
Precursors in topsoll

L (nontargets)

15m gNTS ~ EOF
PFAAs dominate in

2m deeper soll

2.5m mmm Quantification

mm Semiquantification
3m w##. EOF

0 1 2 3 4 5 6 7 8
Concentration (ug F/g)

 AFFF concentration doubled after semiquantification (7.86
- 15.19 ug/g

EOF: C. Vogel, P. Leube, BAM, Berlin 16
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Comprehensive PFAS analysis — EOF ~ NTS gl

Correlation between EOF and NTS features

34 samples from soils, sediments, ashes (D, F, LT)
Prioritized NTS features (LC-HRMS)

EOF (GaF molecular absorption, HR-CS-GFMAYS)

Non-target data

Soils/Sediments

0.02 « EOF: <LOQ - 15030 pg/kg dry weight

e 202 — 5390 NTS features, in total 40431
e PFAS at m/C 40 — 60 = > 98% data reduction

0.01

MD/C

CF,-location
(~0.003, 50)

0 20 40 60 80
m/C

17
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Comprehensive PFAS analysis — EOF ~ NTS gl

« Strong correlations between EOF and prioritized features

- number
- sum of peak areas

40 <m/C <60 & -0.01 < MD/C < 0.003

40 <m/C <60 & -0.01 <MD/C < 0.003 R2 = 0.97 | Pearson = 0.98
R? = 0.87 | Pearson = 0.93 1e8
@ (a) 3 (b) » Highly fluorinated compounds
S 150 ., © contribute to EOF
I a : e L. .
g © 2 » Semi-quantification of PFAS in
y— @© .
© x NTS possible
a L
= A
Z
0
0 5000 10000 15000 0 5000 10000 15000
EOF (ug/kg) EOF (ug/kg)

Zweigle, Simon, Meermann, Zwiener (2024) Environ. Sci. Technol. Lett., DOI:10.1021/acs.estlett.4c00442 18



Conclusions

Improved characterization of PFAS contamination

necessary

Nontarget screening using PFAScreen (MS1, MS2)

Semi-quantification

gNTS provides crucial information for further
remediation measures

Well-coordinated and standardized methods needed for

spezific PFAS and sum parameters

Project funding
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