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LCSB and the University of Luxembourg

• Uni Lu was founded in 2003
• Teenage years!

• LCSB was founded in 2009
• …and is still pre-teenager

• Young and very dynamic working environment!
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LCSB: Interdisciplinary Groups (PIs)



Environmental Cheminformatics @ LCSB



… and a lot of International Collaborations!

Source: 
https://en.wikipedia.org/wiki/
File:EU-Luxembourg.svg

https://en.wikipedia.org/wiki/File:EU-Luxembourg.svg


What is Environmental Cheminformatics?

1 10 100 1000 10000  100000 1 million 1 billion chemicals …. …. ….

Sample

High resolution 
mass spectrometry



What is Environmental Cheminformatics?

1 10 100 1000 10000  100000 1 million 1 billion chemicals …. …. ….

Schymanski et al. (2014) DOI: 10.1021/es4044374; Vermeulen et al. (2020) DOI: 10.1126/science.aay3164

Sample

High resolution 
mass spectrometry

Chemicals

AND connecting
chemical knowledge

http://pubs.acs.org/doi/abs/10.1021/es4044374
http://science.sciencemag.org/content/367/6476/392


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

https://pubs.acs.org/doi/10.1021/acs.est.7b02184


Open Source Workflows for NT-HRMS: patRoon

Helmus et al. (2021) patRoon J Cheminform 13, 1. DOI: 10.1186/s13321-020-00477-w

Rick 
Helmus

https://doi.org/10.1186/s13321-020-00477-w


Open Source Workflows for NT-HRMS: Shinyscreen

Anjana Elapavalore, Mira Narayanan, 
Todor Kondic, Jessy Krier, 

Hiba Mohammed Taha.

https://git-r3lab.uni.lu/eci/shinyscreen

https://git-r3lab.uni.lu/eci/shinyscreen


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

https://massbank.eu/MassBank/
https://github.com/MassBank/MassBank-data/


Expert Knowledge: NORMAN Database System
https://www.norman-network.com/nds/

https://www.norman-network.com/nds/


Expert Knowledge: NORMAN Suspect List Exchange (>80 lists!)

>80 individual contributions!

https://www.norman-network.com/nds/SLE/ https://zenodo.org/communities/norman-sle
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https://www.norman-network.com/nds/SLE/
https://zenodo.org/communities/norman-sle


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


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

https://doi.org/10.1016/j.trac.2019.04.008
http://norman-data.eu/NORMAN-REACH


Examples: NORMAN Digital Sample Freezing Platform
“Live” retrospective screening of known and unknown chemicals in European samples

Alygizakis NA et al (2019) DOI: 10.1016/j.trac.2019.04.008 NORMAN-DSFP available at http://norman-data.eu/

https://doi.org/10.1016/j.trac.2019.04.008
http://norman-data.eu/


Examples: Real Time Monitoring of the Rhine River

Hollender, Schymanski, Singer & Ferguson (2018) ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184

Previously unknown chemicals detected due to “stand-out” patterns

http://dx.doi.org/10.1021/acs.est.7b02184


Examples: Historical Contamination in Lake Sediments

Chiaia-Hernandez et al. (2014) Anal. Bioanal. Chem. 406 (28), pp 7323-7335. DOI: 10.1007/s00216-014-8166-0

https://doi.org/10.1007/s00216-014-8166-0


Examples: Time Trends in Riverbank Filtration Systems

Albergamo et al. (2019) Environ. Sci. Technol. 53 (13), 7584-7594, DOI: 10.1021/acs.est.9b01750

https://doi.org/10.1021/acs.est.9b01750


The Problem: Which chemicals are relevant? How to find them?

Source: https://en.wikipedia.org/wiki/File:EU-Luxembourg.svg & ESO/IDA/Danish 1.5 m http://www.eso.org/public/images/potw1015a/

180 million

110 million

103 million

883,000

113,000

https://en.wikipedia.org/wiki/File:EU-Luxembourg.svg
http://www.eso.org/public/images/potw1015a/


Modified from Escher, Stapleton, Schymanski (2020). Science. DOI: 10.1126/science.aay6636

The Problem: Which chemicals are relevant? How to find them?

http://science.sciencemag.org/content/367/6476/388


Modified from Escher, Stapleton, Schymanski (2020). Science. DOI: 10.1126/science.aay6636

The Problem: Which chemicals are relevant? How to find them?

Monthly sampling
8-9 locations / year
4 fixed, 4-5 rotate
3 year cycle

http://science.sciencemag.org/content/367/6476/388


Targets, Suspects and Non-targets

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689

Target: Known chemical, standard in house, 
often targeted analytical methods

Suspect: Thought to be present, not always
avail. in house, untargeted methods

Unknown:Also “non-target”; unidentified feature
with mass & RT; untargeted methods

Extraction at AGE
RP (C18) pos/neg

Generic NT method

https://doi.org/10.21203/rs.3.rs-478324/v1
http://doi.org/10.5281/zenodo.3862689


Targets, Suspects and Non-targets – and ID Levels

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. Schymanski et al (2014) ES&T, 48 (4), 2097-2098. DOI: 10.1021/es5002105

https://doi.org/10.21203/rs.3.rs-478324/v1
https://pubs.acs.org/doi/abs/10.1021/es5002105


Targets, Suspects and Non-targets – and ID Levels

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. Schymanski et al (2014) ES&T, 48 (4), 2097-2098. DOI: 10.1021/es5002105

https://doi.org/10.21203/rs.3.rs-478324/v1
https://pubs.acs.org/doi/abs/10.1021/es5002105


LuxPest – Suspect List Generation

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689

Information in 
4 languages,

including hand-written 
documents

https://doi.org/10.21203/rs.3.rs-478324/v1
http://doi.org/10.5281/zenodo.3862689


LuxPest - Classification

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101

https://doi.org/10.21203/rs.3.rs-478324/v1
http://doi.org/10.5281/zenodo.3862689
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101


LuxPest - Classification

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101

https://doi.org/10.21203/rs.3.rs-478324/v1
http://doi.org/10.5281/zenodo.3862689
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101


LuxPest – Pre-screening (+QC) with Shinyscreen

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689

https://doi.org/10.21203/rs.3.rs-478324/v1
http://doi.org/10.5281/zenodo.3862689


Open Source Pre-screening Workflow (+QC): Shinyscreen

Anjana Elapavalore, Mira Narayanan, 
Todor Kondic, Jessy Krier, 

Hiba Mohammed Taha.

https://git-r3lab.uni.lu/eci/shinyscreen

https://git-r3lab.uni.lu/eci/shinyscreen


LuxPest – MS/MS Annotation with MetFrag

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689

https://doi.org/10.21203/rs.3.rs-478324/v1
http://doi.org/10.5281/zenodo.3862689


Annotation with MetFrag (Relaunched) …

Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., DOI: 10.1186/s13321-016-0115-9

5 ppm
0.001 Da

mz [M-H]-

213.9637 or
PubChem± 5 ppm

RT: 4.54 min
355 InChI/RTs

References
Tox. Data
Data Sources
Exposure Info
MS-ready links  

Suspect Lists

MS/MS
134.0054   339689
150.0001    77271
213.9607   632466

Elements: C,N,S

S OO

OH

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


LuxPest – MS/MS Annotation with MetFrag

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689

https://doi.org/10.21203/rs.3.rs-478324/v1
http://doi.org/10.5281/zenodo.3862689


LuxPest – MS/MS Annotation with MetFrag

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689

36 pesticides at Level 2a (MoNA>0.9)

https://doi.org/10.21203/rs.3.rs-478324/v1
http://doi.org/10.5281/zenodo.3862689


LuxPest - Overview

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689

36 pesticides at Level 2a (MoNA>0.9)

Schymanski et al. (2021) 
DOI: 10.1186/s13321-016-0115-9

https://doi.org/10.21203/rs.3.rs-478324/v1
http://doi.org/10.5281/zenodo.3862689
https://link.springer.com/article/10.1186/s13321-016-0115-9


“Circle of Data”: Literature Mining for Metabolites / TPs 

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1 & 
Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

https://doi.org/10.21203/rs.3.rs-478324/v1
https://link.springer.com/article/10.1186/s13321-016-0115-9


“Living data connections”

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9
https://git-r3lab.uni.lu/eci/pubchem/
LCSB-ECI & PubChem Team. DOI 10.5281/zenodo.3890392

https://link.springer.com/article/10.1186/s13321-016-0115-9
https://git-r3lab.uni.lu/eci/pubchem/
http://doi.org/10.5281/zenodo.3890392


LuxPest – Terbutylazine and (tentative) TPs



LuxPest – Verification and Quantification

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. 

https://doi.org/10.21203/rs.3.rs-478324/v1


LuxPest – Spatial Distribution

 Average number of 

pesticides per location in 

an increasing order 

(positive & negative mode 

together)

 Tentatively identified and 

verified compounds

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. 

https://doi.org/10.21203/rs.3.rs-478324/v1


LuxPest – preprint out; manuscript in review!

https://www.researchsquare.com/article/rs-478324/v1

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1 & https://twitter.com/ESchymanski/status/1392120948736856065

https://www.researchsquare.com/article/rs-478324/v1
https://doi.org/10.21203/rs.3.rs-478324/v1
https://twitter.com/ESchymanski/status/1392120948736856065


LuxPharma – from CNS

Singh et al (in review). Preprint DOI: 10.26434/chemrxiv.14564301.v1. Singh (2021) S76 | LUXPHARMA. DOI: 10.5281/zenodo.4587355

https://doi.org/10.26434/chemrxiv.14564301.v1
http://doi.org/10.5281/zenodo.4587355


LuxPharma – 2019 vs 2020 – differences due to COVID?

2020: Lots of “cross-border workers” in home office!

Singh et al (in review). 
Preprint DOI: 10.26434/chemrxiv.14564301.v1. 

https://doi.org/10.26434/chemrxiv.14564301.v1


LuxPharma – preprint also out; manuscript in review…

Singh et al (in review). Preprint DOI: 10.26434/chemrxiv.14564301.v1. Singh (2021) S76 | LUXPHARMA. DOI: 10.5281/zenodo.4587355

https://doi.org/10.26434/chemrxiv.14564301.v1
http://doi.org/10.5281/zenodo.4587355


Mod. from Escher et al (2020). Science. DOI: 10.1126/science.aay6636

The Problem: Which chemicals are relevant? How to find them?

180 million

110 million

103 million

883,000

113,000
Source: ESO/IDA/Danish 1.5 m http://www.eso.org/public/images/potw1015a/

http://science.sciencemag.org/content/367/6476/388
http://www.eso.org/public/images/potw1015a/


Problem: Exposomics “Chemical Space” is too big! 

180 million 110 million 103 million

Candidates with high information content

Candidates with low information content

883,000



Can we break down                     into useful bits? 

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

https://pubchem.ncbi.nlm.nih.gov/compound/
Furathiocarb#section=Agrochemical-Information

https://link.springer.com/article/10.1186/s13321-016-0115-9
https://pubchem.ncbi.nlm.nih.gov/compound/Furathiocarb#section=Agrochemical-Information


Introducing … 

~370,000 entries “small”

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

https://link.springer.com/article/10.1186/s13321-016-0115-9


Introducing … 

~370,000 entries “small”

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

Collapsed by InChIKey First Block (skeleton)
and by presence of annotation content

https://link.springer.com/article/10.1186/s13321-016-0115-9


MetFragRL + PubChemLite: tailor-made database + metadata

MetFrag+PubChemLite+Formula+MoNA+SusDat+Pat+Refs+Anno + https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300804&dsn=Eawag

PubChemLite v0.2.0

https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300804&dsn=Eawag


How does PubChemLite perform?

• Earlier PubChem / MetFrag evaluations:

Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., DOI: 10.1186/s13321-016-0115-9
Schymanski, Kondic, Neumann, Thiessen, Zhang & Bolton (2021) J. Cheminf., DOI: 10.1186/s13321-021-00489-0

MetFragRL 2016
MS/MS only (n=473)

MetFragRL 2016
MS/MS + Metadata (n=1298)

0 20 40 60 80 100%

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


How does PubChemLite perform?

• ~110 M => ~300 K … how does this influence performance?

Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., DOI: 10.1186/s13321-016-0115-9
Schymanski, Kondic, Neumann, Thiessen, Zhang & Bolton (2021) J. Cheminf., DOI: 10.1186/s13321-021-00489-0

MetFragRL 2016
MS/MS only (n=473)

MetFragRL 2016
MS/MS + Metadata (n=1298)

0 20 40 60 80 100%

tier0, MetFragRL
MS/MS, Ref, Patents, FPSum (n=1298)

tier1, MetFragRL
MS/MS, Ref, Patents, FPSum (n=1298)

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


How does PubChemLite perform?

• ~110 M => ~300 K … how does this influence performance?

Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., DOI: 10.1186/s13321-016-0115-9
Schymanski, Kondic, Neumann, Thiessen, Zhang & Bolton (2021) J. Cheminf., DOI: 10.1186/s13321-021-00489-0

MetFragRL 2016
MS/MS only (n=473)

MetFragRL 2016
MS/MS + Metadata (n=1298)

tier0, MetFragRL
MS/MS, Ref, Patents, FPSum (n=1298)

tier1, MetFragRL
MS/MS, Ref, Patents, FPSum (n=1298)

0 20 40 60 80 100%

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


Assessing the Missing Entries in 

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

PubChemLite tier0 18 Nov 2019
MS/MS, Ref, Patents, FPSum (n=977)

PubChemLite tier0 14 Jan 2020
MS/MS, Ref, Patents, Anno (n=977)

0% 20 40 60 80 100%

https://link.springer.com/article/10.1186/s13321-016-0115-9


Transformation Products: Filling the Data Gaps!

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

https://link.springer.com/article/10.1186/s13321-016-0115-9


Transformation Products: Filling the Data Gaps!

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

https://link.springer.com/article/10.1186/s13321-016-0115-9


Assessing the Missing Entries in 

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

PubChemLite tier0 18 Nov 2019
MS/MS, Ref, Patents, FPSum (n=977)

PubChemLite tier0 14 Jan 2020
MS/MS, Ref, Patents, Anno (n=977)

PubChemLite tier0 22 May 2020
MS/MS, Ref, Patents, Anno (n=977)

PubChemLite tier0 12 Jun 2020
MS/MS, Ref, Patents, Anno (n=977)

0% 20 40 60 80 100

https://link.springer.com/article/10.1186/s13321-016-0115-9


Influence of the Annotation Content in 

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

https://link.springer.com/article/10.1186/s13321-016-0115-9


Influence of the Annotation Content in 

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

>90%

https://link.springer.com/article/10.1186/s13321-016-0115-9


Open Source Workflows for Chemical Discovery

• Open and FAIR 
Expert Knowledge 
Exchange

• Open Source pre-
screening with auto-QC
& manual review

• Comprehensive & open 
annotation combining 
MetFrag & MassBank



Open Source Workflows for Chemical Discovery

• Extensive transformation
product efforts

• Enhanced visualisation
and interpretation



Outcomes?

~370,000 entries “small”

Recent Presentation DOI: 10.5281/zenodo.4722507
Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

Continued efforts for improved
monitoring of chemicals 

(and actions!)
in Luxembourg ...
... and the world!

https://doi.org/10.5281/zenodo.4722507
https://link.springer.com/article/10.1186/s13321-016-0115-9


Slides @ DOI: 10.5281/zenodo.5059829

Thank you!
emma.schymanski@uni.lu and @ESchymanski

Further Information:
Meet ECI@DOI: 10.5281/zenodo.4596021
https://zenodo.org/communities/lcsb-eci/

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

https://git-r3lab.uni.lu/eci/

https://doi.org/10.5281/zenodo.5059829
mailto:emma.schymanski@uni.lu
https://twitter.com/ESchymanski
https://doi.org/10.5281/zenodo.4596021
https://zenodo.org/communities/lcsb-eci/
https://wwwen.uni.lu/lcsb/research/environmental_cheminformatics/
https://git-r3lab.uni.lu/eci/
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