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CAS, 2025 R-CF2-R' (where R or R' ≠ H, Cl, Br, I)

n = 350 000 with established scientific or commercial relevance; 24 million chemical structures



The analytical toolbox of the fluorine mass balance
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Can untargeted

methods identify

unknown PFAS?

2015
14 pools

1986

2000-2002
Voluntary PFOS phase-out by 3M 

2007
15 pools 17 pools

2009
PFOS and its salts listed as POPs 

under Stockholm ConventionTromsøundersøkelsen | UiT

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fuit.no%2Fresearch%2Ftromsoundersokelsen%3Fp_document_id%3D705235%26Baseurl%3D%2Fresearch%2F&data=05%7C02%7Cdhe%40nilu.no%7C45a6d2e45d3746b30f4b08de04a628e7%7C220534bf8803473eb063923d72bcef2a%7C0%7C0%7C638953308866138401%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=nKXCPcTg1QrX7GOY89lmEIfF78yH2o1KexYhNsCgpCM%3D&reserved=0


Fluorine Mass Balance

∆ Inorganic and non-extractable organic
fluorine:
TF – EOF 

∆ Unidentified extractable organic fluorine:
EOF  - sumPFAS

Identified extractable organic fluorine:
Target analyses: sumPFAS

750 μl 
plasma or 

serum

ACN extract

Extractable Organic 
Fluorine

500 μl

Total Fluorine
100 μl

LC-HR-MS for target 
PFAS and suspect 
screening

Total Oxidizable Precursors Assay
150 μl

Suspect screening & TOPA



TF & EOF
CIC system consisting of a Combustion module,  a 
Absorber Module, and a IC ion chromatograph
module

https://www.interchimie.tn/combustion-ic

Results in F ng/ml
U

EO
F



Suspect screening

• 4 of 332 found; 3 of 342 found

• 3 compounds left

• 2 compounds left:

C8HF15O4S m/z = 476.9283 and 

PFECHS m/z = 460.9334

What about the F-pharmaceuticals?

* ddMS2: data dependend MS2



(a)

[C12H8F3N2O3]-

[C7H5F3N]-

[C3NO]-

[C4H4NO2]-

(b)
Teriflunomide

Teriflunomide M7

Teriflunomide and 4-hydroxy-teriflunomide detected in a pooled sample (a) 
and MS2 spectra of 4-hydroxy-teriflunomidedetected in a pooled sample (b).





TOPA for human plasma

Extraction for known and unknown
PFAS:
Plasma + Solvent + internal standard 1. LC-MS/MS

- PFCAs (C4-C18)
- PFSAs (C6-C10)

1. CONVENTIONAL PFAS ANALYSIS

2. OXIDIZABLE PRECURSORS ANALYSIS

Oxidation 
with 
strong 
oxidant

heat
24 hours

MeOH 
evaporation Extraction 3. LC-MS/MS 

Change of
- PFCAs (C4-C18)
- PFSAs (C6-C10)

TOP = PFAAs after oxidation - PFAAs before 
oxidation

Aliquote for analyses of 
known PFAS

Aliquote for analyses of 
unknown precursors

2. LC-MS/MS
- Known precursors

+

4. LC-MS/MS
Change of 

known 
precursors

+



→ Oxidizability can be 
used as additional tool
for PFAS identification



Targeted PFAS analyses → 54 PFAS

***

+1.62 ng F/mL

***

-1.51 ng F/mL

Sum 12 target PFAS

• C7-C12 PFCA
• C6-C8 PFSA
• FOSAA, Me-FOSAA and Et-FOSAA



Flourine mass balance
example Tromsø Study

n=11                                                                 n=13                n=13
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TF EOF sumPFAS

Serum pools containing the same individuals at each sampling year 

No difference in EOF contributions to TF  



EOF results

No EOF differences between 1986, 2007 and 2015

n=15                                                                     n=17                 n=14
No gender differences in EOF

n=7   n=8 n=7   n=10 n=7   n=7



Let’s put all of it together:
Results pools same individuals (n=7)

TF                                                   EOF                                                  sumPFAS   

% TF described by EOF                             % Unidentified EOF



Unidentified EOF results

n=15                                                                    n=17                 n=14

There are some significant differences in unidentified EOF among the three sampling years 



… when adding F-pharmaceuticals to the picture:
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… when adding F-pharmaceuticals to the picture:



Fluorine Mass Balance
∆ Inorganic and non-extractable organic

fluorine:
TF – EOF 

∆ Unidentified extractable organic fluorine:
EOF  - sumPFAS

Identified extractable organic fluorine:
sumPFAS

750 μl 
plasma or 

serum

ACN extract

Extractable Organic 
Fluorine

500 μl

Total Fluorine
100 μl

LC-HR-MS for target 
PFAS and suspect 
screening

Total Oxidizable Precursors Assay
150 μl

∆ Unidentified extractable organic fluorine:
EOF  - sumPFAS – F-Pharmaceuticals



Limitations of untargeted methods

• Relatively high sample volumes are needed

• Time- and cost demanding → not suited for human biomonitoring, but exploratory 

• TF and EOF measurements are less sensitive than targeted PFAS analyses

• EOF can only account for the portion of these compounds that is extractable with a specified 
extraction protocol

• EOF is NOT representing Total PFAS exposure, but all organic fluorine compounds

• The TOP assay can provide both qualitative and semi-quantitative information about known 
and unknown oxidizable PFAA precursors in human serum. 

• The original precursors structure is lost during oxidation and additional methods are needed to 
elucidate the identity of the precursors present. 

• Yield of PFAAs from some precursors might not be 100% and oxidation intermediates might be 
formed

• Non-oxidizable PFAS are not covered

• Targeted PFAS measurements might be sufficient in background populations



When to use untargeted methods

• Complementary approach when the EOF is not fully explained by known 

PFAS

• Exposed populations

• Emerging PFAS exposures

• Screening for unknown emissions and sources

• → use untargeted methods in a targeted way…



Thank you for your attention
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