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Outline for today

• Motivation
oWhat are PFAS – and why?

• Extracting Chemical Data

• Different Toolkits and Definitions

• Helping People Find PFAS

• Questions / Discussion 



What are PFAS? 

PFAS = Per- and polyfluoroalkyl substances

https://chemtrust.org/dark-waters-film-pfas/

https://defence.gov.au/environment/pfas/PFAS.asp
https://www.defence.gov.au/copyright

https://chemtrust.org/dark-waters-film-pfas/
https://defence.gov.au/environment/pfas/PFAS.asp
https://www.defence.gov.au/copyright


Why PFAS?

https://twitter.com/ESchymanski
/status/1530958689720467457/https://twitter.com

/CleanCapeFear/
status/15196592
68571602944Kwiatkowski et al. (2020) ES&TL DOI: 10.1021/acs.estlett.0c00255

Schymanski (2022) GRC Env.Sci.Wat. DOI: 10.5281/zenodo.6655802

https://twitter.com/ESchymanski/status/1530958689720467457/
https://twitter.com/CleanCapeFear/status/1519659268571602944
https://doi.org/10.1021/acs.estlett.0c00255
https://doi.org/10.5281/zenodo.6655802


Definitions of PFAS

AH = any atom, including H
Rn = any atom, except H

…

“OECD PFAS”

There are many definitions out there … 

OECD Monograph ENV/CBC/MONO(2021)25 (9 July 2021) 
Barnabas et al. (2022) Digital Discovery. DOI: 10.1039/D2DD00019A
Slide from Schymanski et al (2022) SETAC EU Presentation. DOI: 10.5281/zenodo.6461325

https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/CBC/MONO(2021)25&docLanguage=En
https://doi.org/10.1039/D2DD00019A
https://doi.org/10.5281/zenodo.6461325


The Scale of the PFAS Problem… https://pubchem.ncbi.nlm.nih.gov/
classification/#hid=120

Schymanski & Bolton (2022) POPRC18 Event. DOI: 10.5281/zenodo.7118552

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://doi.org/10.5281/zenodo.7118552
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The Scale of the PFAS Problem vs Existing PFAS Lists 

Schymanski & Bolton (2022) POPRC18 Event. DOI: 10.5281/zenodo.7118552

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
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The Scale of the PFAS Problem vs Existing PFAS Lists 

Schymanski & Bolton (2022) POPRC18 Event. DOI: 10.5281/zenodo.7118552
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
Barnabas et al. (2022) Digital Discovery. DOI: 10.1039/D2DD00019A

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://doi.org/10.5281/zenodo.7118552
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://doi.org/10.1039/D2DD00019A
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Challenges Extracting Chemical Data - Names

Perfluorooctanoic acid
PFOA

https://pubchem.ncbi.nlm.nih.gov/compound/9554
#section=Depositor-Supplied-Synonyms

https://pubchem.ncbi.nlm.nih.gov/compound/9554#section=Depositor-Supplied-Synonyms


Challenges Extracting Chemical Data - Names

Perfluorooctanoic acid
PFOA

https://pubchem.ncbi.nlm.nih.gov/compound/9554
#section=Depositor-Supplied-Synonyms

79 synonyms 
in !

https://pubchem.ncbi.nlm.nih.gov/compound/9554#section=Depositor-Supplied-Synonyms


Challenges Extracting Chemical Data - Identifiers

https://pubchem.ncbi.nlm.nih.gov/compound/9554 & https://msbi.ipb-
halle.de/MetFrag/ & http://www.chemspider.com/Chemical-Structure.9180.html

Database Identifier
CAS Registry 335-67-1
EC Number 206-397-9
OntoChem OCID190000019728
PubChem 9554
CompTox DTXSID8031865
ChemSpider 9180

https://pubchem.ncbi.nlm.nih.gov/compound/9554
https://msbi.ipb-halle.de/MetFrag/
http://www.chemspider.com/Chemical-Structure.9180.html


Challenges Extracting Chemical Data - Cheminf. Formats

Heller et al (2013) DOI: 10.1186/1758-2946-5-7
https://www.daylight.com/dayhtml/doc/theory/theory.smiles.html

Format Description Example
SMILES Simplified Molecular 

Input Line Entry System
C(=O)(C(C(C(C(C(C(C(F)(F)F)(F)F)(F)F)
(F)F)(F)F)(F)F)(F)F)O

InChI International Chemical 
Identifier

InChI=1S/C8HF15O2/c9-2(10,1(24)25)3
(11,12)4(13,14)5(15,16)6(17,18)7(19,20)
8(21,22)23/h(H,24,25)

InChIKey Hashed InChI SNGREZUHAYWORS-UHFFFAOYSA-N

https://doi.org/10.1186/1758-2946-5-7
https://www.daylight.com/dayhtml/doc/theory/theory.smiles.html


Challenges Extracting Chemical Data - Images

3D PFOA Images: Manuel Almagro Rivas, PubChem. PFCAs: Martin et al. (2005) DOI: 
10.1016/j.cbi.2005.06.007. IDs: Schymanski (2022) DOI: 10.5281/zenodo.7100463

https://commons.wikimedia.org/wiki/User:Malmriv
https://pubchem.ncbi.nlm.nih.gov/compound/9554
https://doi.org/10.1016/j.cbi.2005.06.007
https://doi.org/10.5281/zenodo.7100463


Challenges Extracting Chemical Data - Images

Martin et al. (2005) DOI: 10.1016/j.cbi.2005.06.007. 

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


Datasets Used: CORE Repository: https://core.ac.uk/

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

71 963 421 
de-duplicated 
documents

818 280 
unique 
InChIs

https://core.ac.uk/
https://doi.org/10.1039/D2DD00019A


Datasets Used: Google Patent Corpus

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

https://doi.org/10.1039/D2DD00019A


Datasets Used: Google Patent Corpus

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

51 928 230 588 
annotations 

4 533 988 229 
compound 
annotations 

18 032 261 
unique 
InChIs 

4 182 712 
F-containing 

SMILES 

https://doi.org/10.1039/D2DD00019A


Challenges Extracting Chemical Data – Toolkit Differences

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

OSRA Input SMILES ChemAxon & OCL
interpretation

RDKit interpretation

https://doi.org/10.1039/D2DD00019A


Challenges Extracting Chemical Data – Toolkit Differences

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

ORSA Input SMILES ChemAxon & OCL
interpretation

RDKit interpretation

Rejected by CDK

https://doi.org/10.1039/D2DD00019A
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Extracting PFAS (Def. B) from the 4.2 M Patent SMILES Set

Barnabas et al. (2022) Digital Discovery. DOI: 10.1039/D2DD00019A
https://upload.wikimedia.org/wikipedia/commons/e/e9/Ferrocene.svg

Toolkit Normalizer PFAS Not PFAS Invalid
CDK CDK 

Normalizier
78 412 4 104 264 36

OCL OCL 
Standardizer

78 411 4 104 038 263

RDKit molVS 75 762 3 988 584 118 366

Toolkit and normalizer selection (interim results)

https://doi.org/10.1039/D2DD00019A
https://upload.wikimedia.org/wikipedia/commons/e/e9/Ferrocene.svg


Extracting PFAS – CORE and Patents, all definitions (OCL) 

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

https://doi.org/10.1039/D2DD00019A


Extracting PFAS – Complementarity of Data Sources 

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

https://doi.org/10.1039/D2DD00019A


Comparing Extracted PFAS vs Existing PFAS Lists

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

OECD PFAS List (3.6K) versus CORE Definition A (27K)

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101

https://doi.org/10.1039/D2DD00019A
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101
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Comparing Extracted PFAS vs Existing PFAS Lists

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

OECD PFAS List (3.6K) versus CORE Definition A (27K)

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101

4:1 
ratio
2:1 
ratio
~9:1 
ratio

https://doi.org/10.1039/D2DD00019A
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101
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Helping Researchers Find PFAS: MetFrag

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

https://doi.org/10.1039/D2DD00019A


Helping Researchers Find PFAS: PFAS Tree

Barnabas et al. (2022) Digital Discovery. DOI: 10.1039/D2DD00019A
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

https://doi.org/10.1039/D2DD00019A
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://www.youtube.com/watch?v=g-sAazaagas
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