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FAIR and Open Science

https://commons.wikimedia.org/wiki/File:FAIR_data_principles.jpg
Schymanski & Schymanski (2023) Nature Water. DOI: 10.1038/s44221-022-00014-z
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https://commons.wikimedia.org/wiki/File:FAIR_data_principles.jpg
https://doi.org/10.1038/s44221-022-00014-z


Environmental Cheminformatics & Non-target HR-MS

1 10 100 1000     10000    100K 1M 10M      100M      1B 10B unendless chemicals …. …. ….

Chromatogram: Schymanski et al. (2014) DOI: 10.1021/es4044374; Resource numbers updated 16 May 2023.  

High resolution 
mass spectrometry
AND connecting
chemical knowledge

Samples

Chemical space
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http://pubs.acs.org/doi/abs/10.1021/es4044374


Non-target High Resolution Mass Spectrometry (NT-HRMS)

AnalysisAnalysis Data Pre-
Processing Prioritization Identification

Modified from: Hollender, Schymanski et al. 2018, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184
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https://pubs.acs.org/doi/10.1021/acs.est.7b02184


Open Source Workflows for NT-HRMS: patRoon

Helmus et al. (2022) patRoon 2.0 J. Open Source Software, DOI: 10.21105/joss.04029
Helmus et al. (2021) patRoon. J. Cheminformatics. DOI: 10.1186/s13321-020-00477-w
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https://doi.org/10.21105/joss.04029
https://doi.org/10.1186/s13321-020-00477-w
https://rickhelmus.github.io/patRoon/


Mass Spectral Libraries: MassBank (Open Source & Data!)
https://massbank.eu/MassBank/ https://github.com/MassBank/MassBank-data/
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https://massbank.eu/MassBank/
https://github.com/MassBank/MassBank-data/


Gathering Expert Knowledge: NORMAN-SLE
https://www.norman-network.com/nds/SLE/
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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


Example: Retrospective Screening / Early Warning Systems

http://norman-data.eu/ & Alygizakis et al, 2018, ES&T, DOI: 10.1021/acs.est.8b00365 & Alygizakis et al, 2019, TrAC, DOI: 10.1016/j.trac.2019.04.008
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http://norman-data.eu/
https://doi.org/10.1021/acs.est.8b00365
https://doi.org/10.1016/j.trac.2019.04.008


Examples: Distribution of Chemicals in Various Matrices
Retrospective screening of REACH chemicals in Black Sea samples

Alygizakis NA et al (2019) DOI: 10.1016/j.trac.2019.04.008 Interactive heat map at http://norman-data.eu/NORMAN-REACH
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https://doi.org/10.1016/j.trac.2019.04.008
http://norman-data.eu/NORMAN-REACH


Connecting Knowledge for Chemical Identification: MetFrag
https://msbi.ipb-halle.de/MetFrag/ http://ipb-halle.github.io/MetFrag/

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

https://msbi.ipb-halle.de/MetFrag/
http://ipb-halle.github.io/MetFrag/
https://link.springer.com/article/10.1186/s13321-016-0115-9


Problem: HR-MS “Chemical Space” is too big! 

204 million 115 million 123 million

Candidates with high information content

Candidates with low information content

1.2 million

…and prohibitive run times!



Can we break down                     into useful bits? 

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0
13

https://doi.org/10.1186/s13321-021-00489-0
https://pubchem.ncbi.nlm.nih.gov/


Introducing … 

~400,000 entries “small”
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Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0

https://doi.org/10.1186/s13321-021-00489-0


: Fewer and more relevant candidates  – with 
context
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Orders of magnitude faster, ~97% of test set in Top 3
Easier data interpretation => high throughput NTS

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0

https://doi.org/10.1186/s13321-021-00489-0


is a Dynamic Open & FAIR Collection

• Built & evaluated every week, updated online every month
• Downloadable & fully integrated in patRoon & MetFrag
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https://rickhelmus.github.io/patRoon/

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0 & Helmus et al. (2021) DOI: 10.1186/s13321-020-00477-w

https://ipb-halle.github.io/MetFrag/

DOI: 10.5281/zenodo.5995885

https://rickhelmus.github.io/patRoon/
https://doi.org/10.1186/s13321-021-00489-0
https://doi.org/10.1186/s13321-020-00477-w
https://ipb-halle.github.io/MetFrag/
https://doi.org/10.5281/zenodo.5995885


Environmental Cheminformatics, NT HR-MS & Transformations

1 10 100 1000     10000    100K 1M 10M      100M      1B 10B unendless chemicals …. …. ….

Chromatogram: Schymanski et al. (2014) DOI: 10.1021/es4044374; Resource numbers updated 16 May 2023.  

High resolution 
mass spectrometry
AND connecting
chemical knowledge

Samples

Chemical space
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http://pubs.acs.org/doi/abs/10.1021/es4044374


Transforming with BioTransformer
http://biotransformer.ca/

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Bolton et al (2021) preliminary calculations; 
Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) Transformations in PubChem, DOI: 10.5281/zenodo.5644560

Djoumbou Feunang et al (2019). BioTransformer, JCheminf. DOI: 10.1186/s13321‐018‐0324‐5. 

379,199 entries

human/env 11 M

2.4 M

1.2 M
Combinatorial explosion – more data 
needed to predict reaction likelihoods

humenvhum

36 M

98 M

86 M

3.6 M
11 M

30 M
82 M

version 1.0.0; DOI: 10.5281/zenodo.5995886
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http://biotransformer.ca/
https://doi.org/10.1186/s13321-021-00489-0
https://doi.org/10.5281/zenodo.5644560
https://doi.org/10.1186/s13321%E2%80%90018%E2%80%900324%E2%80%905
https://doi.org/10.5281/zenodo.5995886


FAIR Transformations in PubChem   and NORMAN-SLE

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Helmus et al (2022) DOI: 10.21105/joss.04029
Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) Transformations in PubChem, DOI: 10.5281/zenodo.5644560

6,312 chemicals

>double the
BioTransformer

library
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https://doi.org/10.1186/s13321-021-00489-0
https://doi.org/10.21105/joss.04029
https://doi.org/10.5281/zenodo.5644560


Open Transformation Products Workflows in patRoon 2.0

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Helmus et al (2022) DOI: 10.21105/joss.04029
Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) Transformations in PubChem, DOI: 10.5281/zenodo.5644560
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https://doi.org/10.1186/s13321-021-00489-0
https://doi.org/10.21105/joss.04029
https://doi.org/10.5281/zenodo.5644560
https://rickhelmus.github.io/patRoon/


What about new information? Help add it in!

Baesu et al. (2021) DOI: 10.1016/j.crfs.2021.09.010. S74 | REFTPS (2021) DOI: 10.5281/zenodo.4318838
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https://doi.org/10.1016/j.crfs.2021.09.010
https://doi.org/10.5281/zenodo.4318838
https://ftp.ncbi.nlm.nih.gov/pubchem/Other/Submissions/


FAIRifying PFAS

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
22

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


The PFAS Challenge: Updated OECD Definition in 2021

OECD Monograph ENV/CBC/MONO(2021)25 (9 July 2021)
23

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


The PFAS Challenge: How to scale this to ? 

V
PFAS

https://pubchem.ncbi.nlm.nih.gov/ 24

https://pubchem.ncbi.nlm.nih.gov/


The PFAS Tree 

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

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

“OECD PFAS” 
(+salts/mixtures)

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 – Collection of Suspect Lists 

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120 26

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


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 27

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


Example of PFHxS – Which PFAS are relevant? Which are new?

28



Who does all this PFAS data come from?
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Glüge et al. (2020) ESPI, DOI: 10.1039/d0em00291g

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

https://twitter.com/AcademicTox/
status/1605997310726443009

Parviel 
Chirsir

@PChirsir…and many more!

https://tarheels.live/bakerlab/

https://doi.org/10.1039/d0em00291g
https://doi.org/10.1007/s00216-021-03463-9
https://twitter.com/AcademicTox/status/1605997310726443009
https://twitter.com/PChirsir
https://tarheels.live/bakerlab/


Help Expand “Chemical Space” with Expert Knowledge

• Help us help you! Add data with FAIR templates & open license
Chemical Structures

Transformations

Schymanski & Bolton (2021) FAIR Chemical Structures. J. Cheminform. DOI: 10.1186/s13321-021-00520-4

https://ftp.ncbi.nlm.nih.gov/
pubchem/Other/Submissions/

Schymanski & Bolton (2022) FAIR-ifying the Exposome Journal: DOI: 10.1093/exposome/osab006 30

https://doi.org/10.1186/s13321-021-00520-4
https://ftp.ncbi.nlm.nih.gov/pubchem/Other/Submissions/
https://doi.org/10.1093/exposome/osab006
https://ftp.ncbi.nlm.nih.gov/pubchem/Other/Submissions/


The Grand Challenge of Chemical Numbers

Arp et al. (2023) ES&T. DOI: 10.1021/acs.est.3c01735

…and timescale for regulatory actions … 

This is “just” the
number of chemicals
registered per year

This is the time frame for action (decades) 31

https://doi.org/10.1021/acs.est.3c01735


The Next Grand Challenge – Tackling Patent Data

Arp et al. (2023) ES&T. DOI: 10.1021/acs.est.3c01735

Can patent data reveal the next big trends?

Are we observing
action and 

reaction with PFOA?

32

https://doi.org/10.1021/acs.est.3c01735


The Chemical Stripes and Patent Data

https://gitlab.lcsb.uni.lu/eci/chemicalstripes

Patent data is huge
Data-rich stripes 
(the nicest ones!)
> 10 minutes !!
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Also very low patent
numbers post 2019…

https://gitlab.lcsb.uni.lu/eci/chemicalstripes
https://gitlab.lcsb.uni.lu/eci/chemicalstripes


The Chemical Stripes and Patent Data

Left: Neuwald et al, STOTEN, accepted. 
Photo of Daniel Zahn, UFZ at SETAC Europe, 30 April – 4 May, 2023. Image reused with permission

EV
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https://gitlab.lcsb.uni.lu/eci/chemicalstripes


The Chemical Stripes and Patent Data

• Really big patent data…

Left: Neuwald et al, STOTEN, accepted. 
Photo of Daniel Zahn, UFZ at SETAC Europe, 30 April – 4 May, 2023. Image reused with permission
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https://gitlab.lcsb.uni.lu/eci/chemicalstripes


“Take Home” Messages

• Dynamic, Open Collection:
oExpert knowledge to fill the gaps - Annotation content is extremely powerful

• Transformations and Metabolism 
oMore data needed to improve predictions

• Open, FAIR workflows available in patRoon & MetFrag

• PFAS & Chemical numbers are 
a huge challenge

• Patent data may help 
o…but is an even bigger challenge!

https://doi.org/10.5281/zenodo.5995885


Today’s slides:
DOI: 10.5281/zenodo.7944066

Email: emma.schymanski@uni.lu

Twitter: @ESchymanski
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