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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/
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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
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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
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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
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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
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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


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.5016574

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/

This work was supported 
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National Library of Medicine, National Institutes of Health. 

Check out
Poster 251!

https://doi.org/10.5281/zenodo.5016574
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/

	Discovering Pesticides, Pharmaceuticals & TPs in Luxembourg Waters using �Open Cheminformatics Approaches
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Targets, Suspects and Non-targets
	Targets, Suspects and Non-targets – and ID Levels
	Targets, Suspects and Non-targets – and ID Levels
	LuxPest – Suspect List Generation
	LuxPest - Classification
	LuxPest - Classification
	LuxPest – Pre-screening (+QC) with Shinyscreen
	Open Source Pre-screening Workflow (+QC): Shinyscreen
	LuxPest – MS/MS Annotation with MetFrag
	Annotation with MetFrag (Relaunched) …
	LuxPest – MS/MS Annotation with MetFrag
	LuxPest – MS/MS Annotation with MetFrag
	LuxPest - Overview
	“Circle of Data”: Literature Mining for Metabolites / TPs 
	“Living data connections”
	LuxPest – Terbutylazine and (tentative) TPs
	LuxPest – Verification and Quantification
	LuxPest – Spatial Distribution
	LuxPest – preprint out; manuscript in review!
	LuxPharma – from CNS
	LuxPharma – 2019 vs 2020 – differences due to COVID?
	LuxPharma – preprint also out; manuscript in review…
	Open Source Workflows for Chemical Discovery
	Open Source Workflows for Chemical Discovery
	Outcomes?
	Thank you!

