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The analytical toolbox of the fluorine mass balance
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Can untargeted
methods identify

unknown PFAS? _

The
Tromse Study

........

1986 2007 2015
15 pools 17 pools 14 pools
2000-2002 2009 & “,
Voluntary PFOS phase-out by 3M PFOS and its salts listed as POPs &
Tromsgundersgkelsen | UiT

under Stockholm Convention
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Fluorine Mass Balance

A Inorganic and non-extractable organic
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Suspect screening

Feature detection with OPENMS algorithm (patRoon default settings)

Feature RT alignment with OPENMS algorithm (patRoon default settings)

Filtering based on intensity and blank detection
* Removal of peaks with intensity < 10000
» Removal of peaks with intensity in the samples < 5 times intensity in the blanks
* Removal of peaks found in < 30 % of the samples at all sampling years (only for PFAS)

Suspect screening with mass error < 2 ppm
* 332 PFAS suspects from the literature

» 342 fluorinated pharmaceuticals

False positives filtering
* Removal of suspects with formula containing Cl, but missing M+2 peaks from 7|

ddMS2 data acquisition for suspects before and after TOP assay
| MS2 spectra annotation with patRoon and before/after TOP assay evaluation I

Transformation product screening with mass error < 2 ppm
= Transformation products list generated with Biotransformer
Confirmation with authentic standards

* ddMS2: data dependend MS2
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Combining Advanced Analytical Methodologies to Uncover Suspect
PFAS and Fluorinated Pharmaceutical Contributions to Extractable
Organic Fluorine in Human Serum (Tromse Study)
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* 4 of 332 found; 3 of 342 found

* 3 compounds left

® 2 compounds left:

C8HF1504S m/z = 476.9283 and
PFECHS m/z = 460.9334

What about the F-pharmaceuticals?

= NIPH



Relative Abundance

Relative Abundance

Teriflunomide and 4-hydroxy-teriflunomide detected in a pooled sample (a)
and MS2 spectra of 4-hydroxy-teriflunomidedetected in a pooled sample (b).
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Table 1 — Suspect fluorinated compounds detected in pooled serum samples from the Tromse

Study in 1986, 2007 and 2015.

Mass

Molecular RT DF*
D m/z error CL!

formula {min) 1986

(ppm)

PFAS
PFECHS CyHF:0:8 4619334 1.01 681 1 1515
Carbonyl/ether/cyelic-ether-PFSA CyHF:048 476 9283 052 7.02 5 1/15
Fluorinated pharmaceuticals
Teriflunomide CiaHsF3N20), 2690543 0.49 5.42 1 015
4-Hydroxv-Teriflunomide CaHaFN204 2850493 ()44 7. 3 0415
Lansoprazole CisHysF3:N;0,8 J6R.0686 0.14 6.51 1 015
Lansoprazole sulfide CataF3N;08 3520737 1.30 738 3 0415
S-Hydroxy-lanseprazole CallysFsNsOs5 384 0635 0.65 6.39 3 0415
flansoprazole sulfone

Pantoprazole CyllsF,N;0,8 382.0679 0.57 5.95 1 1S
Pantoprazole sulfone CralljsFalNs 045 398 0628 0.33 534 3 0/15
4-Demethy] pantoprazole—4- Cy5112FaN 1048, 448 0050 1.12 452 3 0/135

{hydrogen sulfate)

= NIPH



TOPA for human plasma

1. CONVENTIONAL PFAS ANALYSIS

Extraction for known and unknown
PFAS:
Plasma + Solvent + internal standard

l Aliquote for analyses of
known PFAS
—

Aliquote for analyses of

unknown precursors TOP = PFAAs after oxidation - PFAAs before

1. LC-MS/MS
- PFCAs (C4-C18) *
- PFSAs (C6-C10)

2. LC-MS/MS
- Known precursors

oxidation

2. OXIDIZABLE PRECURSORS ANALYSIS

Svanorat Oxidation  heat Extraction 3. LC-MS/MS 4. LC-MS/MS
poration with 24 hours I Change of N Change of
= st ' a > -preas(cacis) (nown
- PFSAs (C6-C10) precursors




PFAA precursors
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S OH F " Dr-
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= — Oxidizability can be
PFAA produced by oxidation used as additional tool
= for PFAS identification
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Total Oxidizable Precursors



Targeted PFAS analyses = 54 PFAS

Sum 12 target PFAS

1« ¢, PFCA

~ 401 * FOSAA, Me-FOSAA and Et-FOSAA
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Flourine mass balance oo m
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EOF results
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Let’s put all of it together:
Results pools same mdwnduals (n=7)
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Unidentified EOF results

% Unidentified EOF
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... when adding F-pharmaceuticals to the picture:
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... when adding F-pharmaceuticals to the picture:

5,sPFAS
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Fluorine Mass Balance

Extractable Organic

A Inorganic and non-extractable organic " Fluorine
fluorine:

"4 LC-HR-MS for target
PFAS and suspect

eening
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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 tg
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
mmm) Targeted PFAS measurements might be sufficient in background populations <y N|PH




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...
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