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Adverse effects
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- Are, or degrade to, persistent chemicals
- Are transported to remote areas

Perfluoroalkyl carboxylic
Long-chain acids (PFCAs)

- Occurrence in blood and C,F2,COOH
breast milk n < 7: short-chain

. . n = 7: long-chain
« Bioaccumulation :

- Toxic for reproduction,
suspected carcinogenity

Perfluoroalkane
sulfonic acids (PFSAs)

C,F,,+1S05H

n < 6: short-chain
n 2 6: long-chain

"Umweltbundesamt, 2025, URL: https://www.uba.de/n66732de (access: 14.04.2026)

,Forever Chemicals

Short-chain

« Occurrence in raw and
drinking water

- Challenging to remove from
water

« Accumulation in the edible
portion of the plant
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Industrial transition @
Starting point

—> Regulatory measures and industry initiatives

Use of replacements Geographical shift
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Growing inventories and different definitions
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Limitations of target analysis
Regrettable substitution
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- Regulation resulted in decrease of PFAS concentrations



Regrettable substitution
Transport to the Arctic and Antarctic

HFPO-DA
PFOA
Other PFAS

80°N

75°N

- HFPO-DA had reached both Polar Regions before action was taken
[Joerss et al., ES&T, 2020; Xie et al., STOTEN, 2020; Xie and Kallenborn, Curr. Opin. Green Sustain., 2023]
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Characterizing PFAS pollution at the source @
PFAS analytical toolbox

What is the concentration of a specific analyte?
« Number and type of target analytes?

« Chromatographic technique?

« Method detection and quantification limits?

Non-target analysis _

Target analysis

Suspect screening

Which additional PFAS does the sample contain?



Target analysis: Expanded scope and lower MDLs @

In response to new regulations

 Drinking Water Directive: PFAS-20
« Environmental Quality Standards: PFAS-24 + TFA

Challenge: Ultra-short-chain PFAS Challenge: Volatile PFAS
Dual-method strategy or expanded LC- Liquid chromatography has to be
MS/MS method complemented by gas chromatography

Intensity

L 10! [0} 10!
Number of PFAS ¢

Dong et al., 2023, Anal. Chem., Szabo et al., 2024, Anal. Chem.,
DOI: 10.1021/acs.analchem.2c024 36 DOI: 10.1021/acs.analchem.3c05705



Target analysis: Source-specific scope
Dependent on PFAS origin

PFAS Characterization

+ Multivariate Analyses Diagnostic PFASs

Sample Collection
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Joseph et al., 2024, ES&T, DOI: 10.1021/acs.est.3¢c03770

Known emission source
The target PFAS list can
be tailored to include
source-specific and
diagnostic PFAS



Sum parameters: How to measure ,,PFAS Total“? @ —
ereon

* Drinking Water Directive: “PFAS Total“ 500 ng/L
 Limitations of EOF: low TFA recoveries, inorganic fluorine

A Novel Fluorine Mass Balance Method for Improved Characterization and

Quantification of Extractable (Organo)fluorine in Drinking Water

Zongzhe He, Merle Plassmann, lan T. Cousins®*, and Jonathan P Benskin® He et a/_’ 2024, ES&T Letters,
DOI: 10.1021/acs.estlett.4c00774
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Approaches and limitations of using extractable M) Check for updates
organofluorine - combustion ion chromatography to

Solid phase assess PFAS Total in drinking water

extraction

A

Pontus Larsson, 4 Enmiao Jiao, +4bC Anna Kirrman, 3 patrick van Hees ,?@ Patrik Karlsson? and Leo W. Y. Yeung

Larsson et al., 2026, ESPI,

‘ - DOI: 10.1039/D6EM00065G
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Suspect screening and non-target analysis

PFAS-specific evaluation

MS'

(Full scan)

MS2
(DDA, DIA)

(a) Aendrick mass defect
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Req: accurate mass, RT (optional)

Pro: increases confidence, related
substances are grouped

Con: works only if HS are present,
limited in trace analysis approaches

(d) Diagnostic fragments
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m/z
Req: Ms/MS data

Pro: high confidence, identification
information is gained

Con: limited to known diagnostic fragments

(b) MD/C-m/C approach

MD/C

m/C

Req: accurate mass, robust C number
estimation (C = l,/1,,/0.011145)

Pro: no HS needed, good for trace
analysis when MS/MS cannot be achieved
Con: limited when C abundance is to

low or detector saturation occurs, certain
F-content necessary

(e) fragment differences

i)
£[ |  acF,
di
L e ||
m/z

Req: Ms/Ms data

Pro: powerful for NTS approaches, can
detect unknown fragments

Con: fragments have to be identified

Mass aefect filtering
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(c

PFAS

Frequency

MD

Req: accurate mass

Pro: no HS needed, good for prioritization
if PFAS with high F-content are of interest

Con: limited for low F-content PFAS, can
be wrong when MD exceeds +0.5 Da

) Fragment ion flagging
CFs.
£
3
O
RT

Req: sufficient fragmentation of PFAS of interest
Pro: good prioritization

Con: limited by sample complexity, limited to
PFAS that form sufficient fragments

Bugsel et al., 2024, TrEAC, DOI: 10.1016/j.teac.2023.e00216
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MD/C-m/C approach
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PFAS analytical toolbox @ h&Faon
Summary and conclusion

- Based on conventional target analysis, environmental occurrence and human
exposure is underestimated

- Complementary analytical approaches are needed for a comprehensive
picture, dependent on

« Question
- Source of pollution

- Infrastructure and resources

- Management and regulation of PFAS as a chemical class essential

Scientific Basis for Managing PFAS as a Chemical Class
HVIHUHME".I.HI. Carol F. Kwiatkowski,* David (). Andrews, Linda 5. Bimbaum, Thomas A. Bruton, Jamie C. DeWitt,
Detlef R. U. Knappe, Maricel V. Maffini, Mark F. Miller, Katherine E. Pelch, Anna Reade, Anna Soehl,

mm&rﬁﬂlmm LETTEHS Xenia Trier, Marta Venier, Charlotte C. Wagner, Zhanyun Wang, and Arlene Blum
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Thank you for your attention!

Hanna Joerss
hanna.joerss@hereon.de
Tel.: +49 4152 87 2353
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