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Introduction

 „Classical“ legacy PFAS: perfluorocarboxylic and -sulfonic acids

 OECD (2021): PFASs are defined as fluorinated substances that contain at 
least one fully fluorinated methyl or methylene carbon atom […]

 „PFAS“ comprise thousands of different substances, e.g.:

 Stable replacement chemicals

 Precursor substances that can or may degrade to the legacy PFAS by
biotic and abiotic processes
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The Challenge

Target
n = 3-18n = 4-10
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TOP-Assay

 Total Oxidizable Precursor (TOP) Assay: Houtz and Sedlak 2012/2013
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 Oxidation of PFCA and PFSA precursors to PFCA of corresponding chain
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dTOP-Assay

 Limitation of the original method: 

 Solid or complex samples have to be extracted prior to oxidation

 Potential loss of non-extracted precursors

 Co-extraction of organic matrix compounds might impede a total 
oxidation

 Fraunhofer approach: direct TOP Assay (dTOP)

 Very small amount of sample (ca. 100 – 250 mg) is completly digested
with high amounts of oxidation agent

 No extraction, no extraction losses

 Organic matrix components are fully oxidized

 More comprehensive overview on the total PFAS burden possible

 LOQs: quite high (1.0 – 2.5 µg/kg)
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Samples

 Analysis of annual composite samples 
of suspended particulate matter (SPM) 
from 2005 – 2019 for the major German 
river systems

 All samples obtained from the German 
Environmental Specimen Bank
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Results (Rhine)
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 Target analysis

 2005: high levels of PFOS and diPAP

 2019: no quantifiable levels of diPAP left, PFOS dominates

 dTOP analysis:

 High amounts of precursors

 2005: broad chain length spectrum with PFOA (C8) dominating

 2019: smaller chain length spectrum with focus on short-chain PFCA 
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Results (Mulde)

 Target analysis:

 2005: dominance of diPAP; much higher levels than in river Rhine 

 2019: significantly lower levels; still diPAP and PFOS dominate
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 dTOP analysis:

 High amounts of precursors, e.g. diPAP

 2005: broad PFCA spectrum (C4-C16)

 2019: focus on shorter-chain PFCA
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Temporal Trends

 Temporal trend analysis (combined for all sampling sites)

 Temporal decline is more extensive for 
known PFAS than for total PFAS

 Target analysis overestimates the 
decline in the total PFAS burden

 Proportion of unknown PFAS is 
increasing

∑C4-C7 PFCA ∑C8-C18 PFCA

 Declining trends mainly derived 
from precursors of long-chain 
PFCA

 Increasing proportion of 
precursors of short-chain PFCA
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Conclusions

 Ubiquitous distribution: PFAS found in SPM from every river

 Substantial differences in PFCA levels between target analysis and dTOP

 Analysis of legacy PFAS overlooks a significant proportion of PFAS

 Environmental PFAS burden is much higher than thought before

 Temporal trends

 Declining trends for known PFAS; less pronounced for unknown PFAS

 Shift to precursors of short-chain PFCA

 Next steps:

 Analysis of samples from federal states: increased spatial resolution
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The direct total oxidizable precursor (dTOP) assay 
as a tool to detect unknown PFAS in German rivers

Thank you very much for your attention!

Dr. Bernd Göckener

Fraunhofer IME

Auf dem Aberg 1 │ 57392 Schmallenberg │ Germany
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bernd.goeckener@ime.fraunhofer.de

www.ime.fraunhofer.de/en.html
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Oxidation 

(7 h, 85 °C)

Neutralization

(pH 5-6)
SPE cleanup UPLC-HRMS 

analysis

dTOP-Assay

250 mg sample

+ 100 µL of IS solution

+ 200 mL oxidation solution             
. (200 mM K2S2O8, 500 mM NaOH)

 Sample preparation

Houtz and Sedlak: 

60 mM K2S2O8, 125 mM NaOH
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dTOP-Assay: conversion rates

F

F

S

O

O

F

OH

O

CH3

n

F

F H

H

H

H

O P

F

F

FH

H

H

H

O

FO

OH

n n

 Comparable pattern 

 reduced molar yields compared to the original method
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Target analysis

 Sample preparation using MTBE and tetrabutylammonium as an ion pair 
reagent 

 Analysis via UPLC-HRMS (Q Exactive Plus, Thermo Fisher)

 Analyte spectrum

 13 PFCA

 7 PFSA

 3 diPAP

 6 sulfonamides

 3 FTS 

 8 replacements and “others”

 ADONA, PFMOPrA, HFPO-DA (GenX), F-53B 

PFECHS, 7H-PFHpA

 LOQs between 0.05 und 0.5 µg/kg
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