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The Exposome

DOI: 10.1158/1055-9965.EPI-05-0456; Miller & Jones (2014) DOI: 10.1093/toxsci/kft251; Landrigan et al (2018) DOI: 10.1016/S0140-6736(17)32345-0

• Christopher Wild (2005)

• Miller and Jones (2014) functionalized this to:

• (Under)estimated 16 % (9 million) deaths per year worldwide 
due to environmental pollution alone (Landrigan et al. 2018)

“All exposures from conception onwards, including 
those from lifestyle, diet and the environment” 

“The cumulative measure of environmental influences 
and associated biological responses throughout the 
lifespan, including exposures from the environment, 
diet, behaviour and endogenous processes”

Image c/o Lucie Debroux LCSB, modified from images by Utrecht Uni & Vermeulen et al. (2020). Science. DOI: 10.1126/science.aay3164. Wild (2005)

https://doi.org/10.1158/1055-9965.EPI-05-0456
https://doi.org/10.1093/toxsci/kft251
https://doi.org/10.1016/S0140-6736(17)32345-0
http://science.sciencemag.org/content/367/6476/392


Bring on Environmental Cheminformatics!



… and 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?
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What is Environmental Cheminformatics?
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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

Modified from: Helmus et al (2021), JCheminf. 13:1. DOI: 10.1186/s13321-020-00477-w

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

https://jcheminf.biomedcentral.com/articles/10.1186/s13321-020-00477-w
https://rickhelmus.github.io/patRoon/


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  [CC-BY-4.0]

>77 individual contributions!

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


Connecting Knowledge for Chemical Identification: MetFrag
Problem: Exposomics “Chemical Space” is too big! 

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

180 million 110 million 103 million

Candidates with high information content

Candidates with low information content

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

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


DIY Databases: PubChem  Lite for Exposomics

PubChemLite for Exposomics
371,663 entries

110 million … OR …
the most relevant / annotated?

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

To find out more:
https://www.nordicmetsoc.org
/MetExposome2021.html

https://link.springer.com/article/10.1186/s13321-016-0115-9
https://www.nordicmetsoc.org/MetExposome2021.html


Complex Mixtures – Connecting Chemicals and Effects

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

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


“The concentration challenge”

Rappaport et al (2014) Environmental Health Perspectives. DOI: 10.1289/ehp.1308015

https://doi.org/10.1289/ehp.1308015


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


Examples: Pesticides & Metabolites in Luxembourg

Jessy Krier (2020) Master’s Thesis, defended July 2020. Figure 8 & 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

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


“PubChemLite for Exposomics” … so what now?

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

>90%

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


Application to Health and Disease: Thirdhand Smoke

+

Schymanski, EL, Torres, S, & Ramirez, N. (2020). Thirdhand Smoke in House Dust. Zenodo. http://doi.org/10.5281/zenodo.3613472

http://doi.org/10.5281/zenodo.3613472


Application: Disease-specific Reference Counts

Schymanski et al. (2020) DOI: 10.1039/C9EM00068B (Perspective) Environ. Sci.: Processes Impacts (with cover image).

https://doi.org/10.1039/C9EM00068B
https://doi.org/10.1039/2050-7895/2013


Rapid Classification: All a question of perspective

ENTACT: Elin Ulrich et al. 2018, 
https://www.epa.gov/sites/production/files/2018-
06/documents/comptox_cop_6-28-18.pdf and
Ulrich, EM, et al. (2019) Anal Bioanal Chem. 
DOI: 10.1007/s00216-018-1435-6
Classification Figures: 
Anjana Elapavalore, ECI (Master’s thesis)

https://www.epa.gov/sites/production/files/2018-06/documents/comptox_cop_6-28-18.pdf
https://doi.org/10.1007/s00216-018-1435-6


Take Home: Cheminformatics, Exposome, Health & Disease

• “The Exposome” involves many factors … 
• Environmental and biological; over lifespan
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• Greatly improved identification and interpretation
• Methods are applied throughout the world



Take Home: Cheminformatics, Exposome, Health & Disease

• “The Exposome” involves many factors … 
• Environmental and biological; over lifespan

• Mass Spectrometry & Cheminformatics 
perform the “detective work”

• Capturing expert knowledge
• Human and machine readable forms

• Greatly improved identification and interpretation
• Methods are applied throughout the world

• Tackling the Exposome will require a joint, international effort of many
• A major motivation for our collaborative #OpenScience work



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

Further Information:
Meet ECI@DOI: 10.5281/zenodo.4596021
https://www.norman-network.com/nds/SLE/

https://zenodo.org/communities/lcsb-eci/
https://wwwen.uni.lu/lcsb/research/

environmental_cheminformatics/

Slides available at DOI: 
10.5281/zenodo.4678461

mailto:emma.schymanski@uni.lu
https://twitter.com/ESchymanski
https://doi.org/10.5281/zenodo.4596021
https://www.norman-network.com/nds/SLE/
https://zenodo.org/communities/lcsb-eci/
https://wwwen.uni.lu/lcsb/research/environmental_cheminformatics/
https://doi.org/10.5281/zenodo.4678461
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