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Environmental Cheminformatics & Non-target HR-MS
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Non-target High Resolution Mass Spectrometry (NT-HRMS)

AnalysisAnalysis Data Pre-
Processing Prioritization Identification

Modified from: Hollender, Schymanski et al. 2017, 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


Examples: Real Time Monitoring of the Rhine River

Hollender, Schymanski, Singer & Ferguson (2017) ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184

Previously unknown chemicals detected due to “stand-out” patterns
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http://dx.doi.org/10.1021/acs.est.7b02184


Examples: LuxPharma – 2019 versus 2020 & COVID?
2020: Lots of “cross-border workers” in home office!

Singh et al (2021). 
DOI: 10.1021/acsenvironau.1c00008. 
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https://doi.org/10.1021/acsenvironau.1c00008


Examples: LuxPest and Transformation Products
Krier et al (2022). DOI: 

10.1016/j.envint.2021.106885 
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https://doi.org/10.1016/j.envint.2021.106885


NORMAN DSFP – Digital Sample Freezing Platform

http://norman-data.eu/ and Alygizakis et al, 2019, TrAC, DOI: 10.1016/j.trac.2019.04.008
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http://norman-data.eu/
https://doi.org/10.1016/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


Key Open Source Cheminformatics Developments @ ECI
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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


Suspect List(s)

(NORMAN-SLE)

(NORMAN SusDat)

NORMAN Database System (NDS)

Mohammed 
Taha et al. 

(2022) DOI: 
10.1186/s12

302-022-
00680-6
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https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.1186/s12302-022-00680-6
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Alygizakis et al, 2019, TrAC, DOI: 10.1016/j.trac.2019.04.008

https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.1016/j.trac.2019.04.008
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https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.1186/s12302-022-00680-6


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

Ruttkies, Schymanski et al. (2016) DOI: 10.1186/s13321-016-0115-9
15

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


Grand Challenge: HR-MS “Chemical Space” is too Big! 

219 million 118 million 129 million

Candidates with high information content

Candidates with low information content

1.2 million

…and prohibitive run times!



Creating Informative Subsets of

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


Creating Informative Subsets of

~375,000 entries “small”

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

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


Ruttkies et al (2016) DOI: 10.1186/s13321-016-0115-9 & Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0
19

: Fewer and more relevant candidates  – with 
context

https://doi.org/10.1186/s13321-016-0115-9
https://doi.org/10.1186/s13321-021-00489-0


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

AnalysisAnalysis Data Pre-
Processing Prioritization Identification

Modified from: Hollender, Schymanski et al. 2017, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184
20

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://rickhelmus.github.io/patRoon/

https://doi.org/10.21105/joss.04029
https://doi.org/10.1186/s13321-020-00477-w
https://rickhelmus.github.io/patRoon/
https://rickhelmus.github.io/patRoon/


What about Transformation Products?
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Examples: LuxPest and Transformation Products
Krier et al (2022). DOI: 

10.1016/j.envint.2021.106885 
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https://doi.org/10.1016/j.envint.2021.106885


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


More data needed - Text-mining PubChem   ?
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Acyclovir is metabolized partially to 
9-carboxymethoxymethylguanine 
and minimally to 8-hydroxy-9-(2-
hydroxyethoxymethyl)guanine. In 
vitro, acyclovir also is metabolized to 
acyclovir monophosphate, 
diphosphate, and triphosphate in 
cells infected with herpes viruses, 
principally by intracellular 
phosphorylation of the drug by virus 
coded thymidine kinase and several 
cellular enzymes.

Palm et al (2023) ShinyTPs, ES&T Letters DOI: 10.1021/acs.estlett.3c00537. Image by Emma Palm.

https://doi.org/10.1021/acs.estlett.3c00537


ShinyTPs: Curating TPs from Text Mining Results
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Palm et al (2023) ShinyTPs, ES&T Letters DOI: 10.1021/acs.estlett.3c00537. Image created by Emma Palm.

https://doi.org/10.1021/acs.estlett.3c00537


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

6,829 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


time

Applying TP NT-HRMS Workflows with patRoon

Mod. from Palm et al (2023) ShinyTPs, DOI: 10.1021/acs.estlett.3c00537, Palm et al (2023). SETAC Presentation, DOI: 10.5281/zenodo.7885829 
28

time

Desethyl-atrazine

TFA

Benzidine

TP library
Suspect/Non-

target screening

TP suspect 
screening

https://doi.org/10.1021/acs.estlett.3c00537
https://doi.org/10.5281/zenodo.7885829
https://rickhelmus.github.io/patRoon/


Patents (and literature) as a key source of information?
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Finding the most relevant hits … FLASHBACK to 2023 
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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) Schymanski et al.(2023) DOI: 10.1021/acs.est.3c04855

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
https://doi.org/10.1021/acs.est.3c04855


Over 6 million OECD PFAS in ?!?!?!

32https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

Dioxin 2023 talk with more details
DOI: 10.5281/zenodo.8330405

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://doi.org/10.5281/zenodo.8330405
https://doi.org/10.5281/zenodo.8330405




Chemical Stripes in R - for Patents & Literature

Aurich et al (2023). SETAC Presentation, DOI: 10.5281/zenodo.7885031 and https://gitlab.lcsb.uni.lu/eci/chemicalstripes 
34

https://gitlab.lcsb.uni.lu/eci/chemicalstripes
https://doi.org/10.5281/zenodo.7885031
https://gitlab.lcsb.uni.lu/eci/chemicalstripes


Chemical Stripes in R

Schymanski et al.(2023) DOI: 10.1021/acs.est.3c04855
https://gitlab.lcsb.uni.lu/eci/chemicalstripes 
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Patents & Literature

Patents

Literature

https://gitlab.lcsb.uni.lu/eci/chemicalstripes
https://doi.org/10.1021/acs.est.3c04855
https://gitlab.lcsb.uni.lu/eci/chemicalstripes


“Summarized” Chemical Stripes in R

https://gitlab.lcsb.uni.lu/eci/chemicalstripes 
36

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


Variety of Stripe Patterns: Patents

37
https://gitlab.lcsb.uni.lu/eci/chemicalstripes 

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


Variety of Stripe Patterns: Literature

38
https://gitlab.lcsb.uni.lu/eci/chemicalstripes 

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, DOI: 10.1016/j.scitotenv.2023.163921
Photo of Daniel Zahn, UFZ at SETAC Europe, 30 April – 4 May, 2023. Image reused with permission

EV
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(live stripe calculations during SETAC 2023)

https://gitlab.lcsb.uni.lu/eci/chemicalstripes
https://doi.org/10.1016/j.scitotenv.2023.163921


Key Open Source Cheminformatics Developments @ ECI
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Today’s Video / Soundtrack
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Video: https://vimeo.com/jpmlmusic/ourchemicalpastpresentandfuture
Soundtrack: https://soundcloud.com/jamieperera/our-chemical-past-

present-and-future
Arp, Aurich et al (2023) ES&T, DOI: 10.1021/acs.est.3c01735

https://vimeo.com/jpmlmusic/ourchemicalpastpresentandfuture
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fsoundcloud.com%2Fjamieperera%2Four-chemical-past-present-and-future&data=05%7C01%7Cemma.schymanski%40uni.lu%7C4b362ec571034d80577208dbafce8371%7C445a9c950f9d49539db1bc4a45dd1220%7C0%7C0%7C638297073740614643%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Rbr9IYVPIjUtRuWRDukkZ22I2wZC8D6j5BKGZW0GpZI%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fsoundcloud.com%2Fjamieperera%2Four-chemical-past-present-and-future&data=05%7C01%7Cemma.schymanski%40uni.lu%7C4b362ec571034d80577208dbafce8371%7C445a9c950f9d49539db1bc4a45dd1220%7C0%7C0%7C638297073740614643%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Rbr9IYVPIjUtRuWRDukkZ22I2wZC8D6j5BKGZW0GpZI%3D&reserved=0
https://doi.org/10.1021/acs.est.3c01735
https://vimeo.com/jpmlmusic/ourchemicalpastpresentandfuture


Email: emma.schymanski@uni.lu
@ESchymanski / @schymane@mstdn.social

https://wwwen.uni.lu/lcsb/research/
environmental_cheminformatics/

https://gitlab.com/uniluxembourg/lcsb/eci/

Merci/Danke schön/Thank you!

H2020:
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