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Adverse effects

• Are, or degrade to, persistent chemicals

• Are transported to remote areas

„Forever Chemicals”

• Occurrence in raw and 

drinking water

• Challenging to remove from 

water

• Accumulation in the edible 

portion of the plant

Short-chain

• Occurrence in blood and 

breast milk

• Bioaccumulation

• Toxic for reproduction, 

suspected carcinogenity

Long-chain

Perfluoroalkyl carboxylic 

acids (PFCAs)

CnF2n+1COOH

n < 7: short-chain

n ≥ 7: long-chain

Perfluoroalkane 

sulfonic acids (PFSAs)

CnF2n+1SO3H

n < 6: short-chain

n ≥ 6: long-chain

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



PFAS ‘dark matter‘

Industrial transition
Starting point

Use of replacements

Regulatory measures and industry initiatives

Geographical shift

Salts of PFOA

Ether-based PFAS

Western Europe, 

USA, Japan

Wang et al., 2014, Env. Int. 70, 62-75.

China, India, 

Poland, Russia



Growing inventories and different definitions

2015 2016 2017 2018 2019 2020 2021

PFASTRIER

KEMI

US EPA 

PFAS MASTER v1

NISTPFAS

Suspect List v1

PubChem

PFAS Tree 

2022

468 PFAS

1344 PFAS

8488 PFAS

> 7 million

“OECD PFAS“

4948 PFAS

2011

Number of organofluorine 

pharmaceuticals included under 

different definitions of PFAS1er

1 https://cen.acs.org/environment/persistent-pollutants/fluorinated-drugs-PFAS/102/i26 , based on Hammel et al., 2022, iScience, DOI: 10.1016/j.isci.2022.104020



Limitations of target analysis
Regrettable substitution

• Regulation resulted in decrease of PFAS concentrations

PFOA

HFPO-DA

Substitution
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US EPA PFOA Stewardship Program

Analytical standard for HFPO-DA

Chemical park Dordrecht: 

Emission permit of 

HFPO-DA reduced by 

factor 40
[RIVM, 2019]
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[Ahrens, 2009] [Zhao, 2015] [Heydebr., 2015] [Joerss, 2019] [Schaaf, 2020] [Walter, 2025]
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PFOA

Other PFAS

Regrettable substitution
Transport to the Arctic and Antarctic

Concentration [pg/L]

• 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] 

ΣPFAS

1100 pg/L

HFPO-DA
PFOA

Other PFAS

Dome C



Characterizing PFAS pollution at the source
PFAS analytical toolbox

? Suspect screening

Non-target analysis

Sum parameters

Target analysis

What is the concentration of a specific analyte?

• Number and type of target analytes?

• Chromatographic technique?

• Method detection and quantification limits?

EOF: How much extractable organic fluorine does 

the sample contain?

Which additional PFAS does the sample contain?

Total oxidizable precursor (TOP) assay: What is 

the estimated amount of PFAS precursors in the 

sample that can be oxidized to targeted PFAS?



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

Dual-method strategy or expanded LC-

MS/MS method

Challenge: Volatile PFAS

Liquid chromatography has to be 

complemented by gas chromatography

Szabo et al., 2024, Anal. Chem.,

DOI: 10.1021/acs.analchem.3c05705

Dong et al., 2023, Anal. Chem.,

DOI: 10.1021/acs.analchem.2c02436



Target analysis: Source-specific scope
Dependent on PFAS origin

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

Known emission source

The target PFAS list can 

be tailored to include 

source-specific and 

diagnostic PFAS



Sum parameters: How to measure „PFAS Total“?

• Drinking Water Directive: “PFAS Total“ 500 ng/L

• Limitations of EOF: low TFA recoveries, inorganic fluorine 

Larsson et al., 2026, ESPI,

DOI: 10.1039/D6EM00065G

He et al., 2024, ES&T Letters,

DOI: 10.1021/acs.estlett.4c00774



Suspect screening and non-target analysis
PFAS-specific evaluation

Bugsel et al., 2024, TrEAC, DOI: 10.1016/j.teac.2023.e00216

MD/C-m/C approach



PFAS analytical toolbox
Summary and conclusion

13

• 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

• Management and regulation of PFAS as a chemical class essential

• Infrastructure and resources



Thank you for your attention!

Hanna Joerss

hanna.joerss@hereon.de

Tel.: +49 4152 87 2353
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