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What is ? https://pubchem.ncbi.nlm.nih.gov/
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What is the NORMAN Suspect List Exchange?
https://www.norman-network.com/nds/SLE/

8

Mohammed Taha et al. (2022) DOI: 10.1186/s12302-022-00680-6

https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/SLE/
https://doi.org/10.1186/s12302-022-00680-6


NORMAN Suspect List Exchange in PubChem

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101
9
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Adding PFAS to : Glüge et al. (2020)

Glüge et al. (2020) ESPI, DOI: 10.1039/d0em00291g
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101
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FAIRifying PFAS – old(er) data

https://twitter.com/AcademicTox/
status/1479841982679765001

https://doi.org/10.1016/j.cbi.2005.06.007

https://pubchem.ncbi.nlm.nih.gov/compound/69537#section=Pharmacology-and-Biochemistry
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https://twitter.com/AcademicTox/status/1479841982679765001
https://doi.org/10.1016/j.cbi.2005.06.007
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FAIRifying PFAS – Bugsel et al. (2022) – new PFAS & data

Bugsel et al. (2022) ABC, 414, 1217-1225. DOI:10.1007/s00216-021-03463-9
https://pubchem.ncbi.nlm.nih.gov/compound/156620404#section=1H-NMR-Spectra
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https://doi.org/10.1007/s00216-021-03463-9


Motivation: Revised PFAS Definition in OECD 2021 Monograph

OECD Monograph ENV/CBC/MONO(2021)25 (9 July 2021)
13

https://one.oecd.org/document/ENV/CBC/MONO(2021)25/en/pdf


Motivation: PFAS Definition in OECD Monograph, Figure 8

OECD PFAS

NOT 
CONSIDERED 
OECD PFAS

14
OECD Monograph ENV/CBC/MONO(2021)25 (9 July 2021) – Figure 8

https://one.oecd.org/document/ENV/CBC/MONO(2021)25/en/pdf


Motivation: How to scale this to ? 

V
PFAS
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The PFAS Tree 

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

“OECD PFAS”

OECD Monograph ENV/CBC/MONO(2021)25 (9 July 2021)

17

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/CBC/MONO(2021)25&docLanguage=En


The PFAS Tree 

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

“OECD PFAS”
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The PFAS Tree - Organofluorine

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

OECD Monograph ENV/CBC/MONO(2021)25 (9 July 2021)
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>19 M Organofluorine compounds in 

OECD PFAS

NOT CONSIDERED 
PFAS

PubChem PFAS Tree: https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
Docs: https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS_Tree.pdf?inline=false

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
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The PFAS Tree – OECD PFAS

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

“OECD PFAS”

OECD Monograph ENV/CBC/MONO(2021)25 (9 July 2021)
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Over 6 million OECD PFAS in ?!?!?!

PubChem PFAS Tree: https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

Note: this does not include
mixtures and salts … 

22
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The PFAS Tree – Collection of Suspect Lists 

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120 24

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120


Many different PFAS lists in the tree … 

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

https://www.nist.gov/
people/benjamin-place

1,232 new CIDs!
25

Mohammed Taha et al. (2022) 
DOI: 10.1186/s12302-022-00680-6

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://www.nist.gov/people/benjamin-place
https://doi.org/10.1186/s12302-022-00680-6


Many different PFAS lists in the tree … 

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

More info: DOI: 10.5281/zenodo.7185579

Barnabas et al. (2022) Digital Discovery. 
DOI: 10.1039/D2DD00019A

Digital Discovery 
Webinar

26
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Many different PFAS lists in the tree … 42 from the EPA! 

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
Williams et al. (2022) DOI:10.3389/fenvs.2022.850019
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PubChem PFAS Tree: https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

POPRC Meets PFAS Tree … 

• Adding regulatory collections to the PFAS Tree
POPRC slides available at 

DOI: 10.5281/zenodo.7118551

Thanks to Andreas 
Buser, FOEN, CH 29

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://doi.org/10.5281/zenodo.7118551
https://doi.org/10.5281/zenodo.7118551


• Several Stockholm Convention lists available: now in  

Stockholm Convention Document UNEP/POPS/POPRC.17/INF/14/Rev.1 (download here) and UNEP/POPS/POPRC.15/INF/9 (download here). 

POPRC Meets PFAS Tree …

30
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• Several Stockholm Convention lists available: now in  

POPRC Meets PFAS Tree …

32

Caveat: no polymer support at the moment



Example: PFHxS in Stockholm Convention vs EU REACH

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
33
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Example: PFHxS in Stockholm Convention vs EU REACH
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Example: PFHxS in Stockholm Convention vs EU REACH

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
35

More on this annotation 
content later … 

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
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PFAS Breakdown by Chemistry

This is the 
difference 

between with and 
without 

salts/mixtures
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PFAS Breakdown by Chemistry

38
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PFAS Breakdown by Chemistry

This section gets very complicated…
39
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PFAS Breakdown by Chemistry

40



PFAS Breakdown by Chemistry
There are lots of strange things…

41
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Outline

• Background and Motivation
• PubChem PFAS Tree
• How many PFAS are really “out there”?

– Documentation & PubChem download files
– PFHxS – who contributed new CIDs?
– Advanced search: Larger PFAS Parts in MassBank
– Advanced search: How many PFAS Agrochemicals are there?
– Larger PFAS Parts database in MetFrag (very brief!)
– Functionality under development: Polymer / UVCB handling

• Questions / Discussion 
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How many PFAS are really “out there”? Example of PFHxS

Annotation content
to add context?

Salt/mixture/isomer
considerations…

Different definitions

44
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Browse the PFAS Tree to find more info!

45

There is extensive 
documentation…

https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS_Tree.pdf?inline=false


Browse the PFAS Tree to find more info!
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Download files contain additional information…

PubChem PFAS Tree: https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
Docs: https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS_Tree.pdf?inline=false

47

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS_Tree.pdf?inline=false
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS_Tree.pdf?inline=false


Download files contain additional information…
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Download files contain additional information…

PubChem PFAS Tree: https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
Docs: https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS_Tree.pdf?inline=false

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS_Tree.pdf?inline=false
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS_Tree.pdf?inline=false


Example of PFHxS – who contributed newest CIDs?

Who/where did 
these come from?

51



Example of PFHxS – who contributed newest CIDs?

https://tarheels.live/bakerlab/
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Advanced Search Building: Large PFAS Parts in MassBank (I)
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Advanced Search Building: Large PFAS Parts in MassBank (II)

5421-Mar-23

Go to PubChem TOC: https://pubchem.ncbi.nlm.nih.gov/classification/#hid=72

How many in 
MassBank?

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=72


Advanced Search Building: Large PFAS Parts in MassBank (III)
Go to PubChem TOC: https://pubchem.ncbi.nlm.nih.gov/classification/#hid=72
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Advanced Search Building: Large PFAS Parts in MassBank (VI)

MassBank

Larger PFAS parts



Advanced Search Building: Large PFAS Parts in MassBank (V)
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Advanced Search Building: Large PFAS Parts in MassBank (VI)

https://twitter.com/
AcademicTox/

status/1605997310
726443009

58https://pubchem.ncbi.nlm.nih.gov/
compound/67821#section=LC-MS

https://twitter.com/AcademicTox/status/1605997310726443009
https://pubchem.ncbi.nlm.nih.gov/compound/67821#section=LC-MS


Advanced Search Building: How many PFAS Agrochem? (I)
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Advanced Search Building: How many PFAS Agrochem? (I)
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Advanced Search Building: How many PFAS Agrochem? (III)
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Advanced Search Building: How many PFAS Agrochem? (IV)

62

insecticide



Identification with MetFrag and PFAS Tree 

Ruttkies, Schymanski et al. (2016) DOI: 10.1186/s13321-016-0115-9

https://msbi.ipb-halle.de/MetFrag/ with
https://massbank.eu/MassBank/RecordDisplay?id=EA292203

https://msbi.ipb-halle.de/MetFrag/
Slides available at DOI: 

10.5281/zenodo.6461325

https://link.springer.com/article/10.1186/s13321-016-0115-9
https://msbi.ipb-halle.de/MetFrag/
https://massbank.eu/MassBank/RecordDisplay?id=EA292203
https://msbi.ipb-halle.de/MetFrag/
https://doi.org/10.5281/zenodo.6461325
https://doi.org/10.5281/zenodo.6461325


Future topic: Expanding to Polymers/UVCBs Functionality under 
development at PubChem

64

PubChem PFAS Tree
is in the compound space

UVCB = Chemical Substances of 
Unknown or Variable Composition, 
Complex Reaction Products and 

Biological Materials

https://testpubchem.ncbi.nlm.nih.gov/rest/compounds/
polytetrafluoroethylene

https://testpubchem.ncbi.nlm.nih.gov/rest/compounds/polytetrafluoroethylene


Future topic: Expanding to Polymers/UVCBs Functionality under 
development at PubChem

65
https://testpubchem.ncbi.nlm.nih.gov/rest/compounds/polytetrafluoroethylene

https://testpubchem.ncbi.nlm.nih.gov/rest/compounds/polytetrafluoroethylene


Are there really 6 million PFAS in PubChem?

• Yes and more … the count keeps growing 

• PubChem has a lot of functionality to (help) explore this

• The annotation content is critical to understanding “PFAS Space”
oPlease reach out to us if you have structures or data to add!

Emma: emma.schymanski@uni.lu or @ESchymanski
PubChem: pubchem-help@ncbi.nlm.nih.gov or @pubchem

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

Documentation: 
66

mailto:emma.schymanski@uni.lu
https://twitter.com/ESchymanski
mailto:pubchem-help@ncbi.nlm.nih.gov
https://twitter.com/pubchem
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS_Tree.pdf?inline=false


https://pubchem.ncbi.nlm.nih.gov/
classification/#hid=120

Email: emma.schymanski@uni.lu
pubchem-help@ncbi.nlm.nih.gov

Twitter: @ESchymanski
@pubchem
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