
Chemical contamination of the sea –
(management of the knowns and) 

Research on the unknowns
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Slides available at 
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Baltic Sea Science Congress (BSSC2021) Discussion Panel
With A. van Wezel, A Sobek, E. Undeman, October 20, 2021.
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Environmental Cheminformatics & High Resolution Mass Spec

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


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

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

180 million

111 million

114 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/


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. Cheminformatics. DOI: 10.1186/s13321-020-00477-w

Rick 
Helmus

https://rickhelmus.github.io/patRoon/

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


MetFrag: Connecting Knowledge for Chemical 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

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


Problem: “Chemical Space” is too big! 

180 million 111 million 114 million

Candidates with high information content

Candidates with low information content

883,000



Solution: Pick out the most relevant pieces - e.g.

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

Portable, dynamic and highly relevant!

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


: Fewer and more relevant candidates  –

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

PubChemLite v0.2.0

with 
context

https://massbank.eu/MassBank/RecordDisplay?id=EQ300804


Influence of the Annotation Content in 

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

>90% of (well known) entries are Top 1 rank
>97% are Top 2 … 100 % Top 3 … 

Non-target screening for “known unknowns” 
now yields quick answers!!

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


Putting into Practice?

• Downloadable & fully integrated in patRoon, MetFragWeb & MetFrag CL!
https://rickhelmus.github.io/patRoon/

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

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

DOI 10.5281/zenodo.3548653

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


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


Thank you!

… and 
team

Email: emma.schymanski@uni.lu
Twitter: @ESchymanski

Slides @ DOI:10.5281/zenodo.5576637

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

ECI@LCSB

mailto:emma.schymanski@uni.lu
https://twitter.com/ESchymanski
https://doi.org/10.5281/zenodo.5576637
https://wwwen.uni.lu/lcsb/research/environmental_cheminformatics/

	Chemical contamination of the sea – 	(management of the knowns and) �Research on the unknowns
	Environmental Cheminformatics & High Resolution Mass Spec
	Slide Number 3
	Non-target High Resolution Mass Spectrometry (NT-HRMS)
	Open Source Workflows for NT-HRMS: patRoon
	MetFrag: Connecting Knowledge for Chemical Identification
	Problem: “Chemical Space” is too big! 
	Solution: Pick out the most relevant pieces - e.g.
	Introducing 
	                             : Fewer and more relevant candidates  – 
	Influence of the Annotation Content in 
	Putting                               into Practice?
	Non-target High Resolution Mass Spectrometry (NT-HRMS)
	Examples: Distribution of Chemicals in Various Matrices
	Examples: NORMAN Digital Sample Freezing Platform
	Examples: Real Time Monitoring of the Rhine River
	Thank you!

