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Source: https://en.wikipedia.org/wiki/File:EU-Luxembourg.svg
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1 10 100 1000 10000  100000 1 million 1 billion chemicals …. …. ….

Our (Community) Challenge: Identifying Chemicals

Sample

High resolution 

mass spectrometry

Schymanski et al (2014) ES&T, DOI: 10.1021/es4044374; Vermeulen et al (2020) Science. DOI: 10.1126/science.aay3164

http://pubs.acs.org/doi/abs/10.1021/es4044374
http://science.sciencemag.org/content/367/6476/392
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NORMAN Collaborative Trial (2015)

Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7

Croatian

Water

RWS

https://doi.org/10.1007/s00216-015-8681-7
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Identification Strategies and Confidence

Schymanski et al, 2014, ES&T. DOI: 10.1021/es5002105 & Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7

Peak 
picking

Non-target HR-MS(/MS) Acquisition

Target
Screening

Suspect
Screening

Non-target
Screening

Start
Level 1 Confirmed Structure

by reference standard

Level 2 Probable Structure
by library/diagnostic evidence

Start
Level 3 Tentative Candidate(s)

suspect, substructure, class

Level 4 Unequivocal Molecular Formula
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https://doi.org/10.1021/es5002105
https://doi.org/10.1007/s00216-015-8681-7
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NORMAN Collaborative Trial (2015): Results

Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7
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https://doi.org/10.1007/s00216-015-8681-7
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How to measure? LC vs GC?

Brack et al 2016. DOI: 10.1016/j.scitotenv.2015.11.102

http://dx.doi.org/10.1016/j.scitotenv.2015.11.102
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How to measure? Ionisation

Singh, RR et al (2020) DOI: 10.1007/s00216-020-02716-3 ; Ulrich, EM et al (2019) DOI: 10.1007/s00216-018-1435-6

n=1264

https://doi.org/10.1007/s00216-020-02716-3
https://doi.org/10.1007/s00216-018-1435-6
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What we measure (in dust): LC vs GC

Rostkowski et al 2019. DOI: 10.1007/s00216-019-01615-6

LC-MS 

(n=969)

GC-MS 

(n=592)

https://link.springer.com/article/10.1007/s00216-019-01615-6
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What we measure in biota/water/sediment

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

Retrospective screening of REACH chemicals in 

Black Sea samples (various matrices)

https://doi.org/10.1016/j.trac.2019.04.008
http://norman-data.eu/NORMAN-REACH
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Emerging contaminants in different countries

Alygizakis NA et al (2018) DOI: 10.1021/acs.est.8b00365 and DOI: 10.5281/zenodo.2623815

https://pubs.acs.org/doi/abs/10.1021/acs.est.8b00365
https://doi.org/10.5281/zenodo.2623815
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Connecting and Enhancing Open Resources

https://www.slideshare.net/EmmaSchymanski/small-molecules-in-big-data-analytica-munich

o Sharing knowledge is a win-win situation

2014 2015: found in waters across Europe

2016: 1 datapoint cross-annotates 3072 in GNPS

Hits in GNPS MassIVE datasets:
Surfactants: http://goo.gl/7sY9Pf

2017: Early-Warning 

System is born

2018: Highlighted in 

Science

https://www.slideshare.net/EmmaSchymanski/small-molecules-in-big-data-analytica-munich
http://goo.gl/7sY9Pf
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NORMAN Digital Sample Freezing Platform

“Live” retrospective screening of known and unknown 

chemicals in European samples (various matrices)

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

http://norman-data.eu/
https://doi.org/10.1016/j.trac.2019.04.008
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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
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Historical Contamination in Lake Sediments

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

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

Riverbank Filtration Systems

https://doi.org/10.1021/acs.est.9b01750
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Challenge 1: Scarcity of MS/MS Spectra 

H. Oberacher et al. (2020) Environmental Sciences Europe 32: 43. DOI: 10.1186/s12302-020-00314-9

o Only available for ~0.1-4 % of Exposomics-relevant resources

https://doi.org/10.1186/s12302-020-00314-9
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Comparability of MS/MS Spectra: QTOF v Orbitrap

Oberacher et al. 2019, Metabolites, 9(1), 3; https://doi.org/10.3390/metabo9010003

Orbitrap

QTOF

https://doi.org/10.3390/metabo9010003
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MassBank EU: Capturing Environmental Spectra

http://massbank.eu/MassBank und https://github.com/MassBank/

>88,100 spectra

~16,500 compounds

>47 contributors

http://massbank.eu/MassBank
https://github.com/MassBank/
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Challenge 2: Connection to Effects!

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

http://science.sciencemag.org/content/367/6476/388
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How can we digest all this information in Exposomics?

Image: https://www.wikidata.org/wiki/Wikidata:Main_Page; Vermeulen et al (2020) Science. DOI: 10.1126/science.aay3164

https://www.wikidata.org/wiki/Wikidata:Main_Page
http://science.sciencemag.org/content/367/6476/392
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NORMAN Suspect List Exchange: Capturing Knowledge

Schymanski et al. (in prep.) https://www.norman-network.com/nds/SLE/

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

o https://zenodo.org/communities/norman-sle

o https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101
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>73 lists!

https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/SLE/
https://zenodo.org/communities/norman-sle
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101
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Connecting multiple lines of evidence for identification

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

https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300804&dsn=Eawag
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Connecting multiple lines of evidence for identification

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

Candidates with high information content

Candidates with low information content

Challenge: the growing number of candidates …

Need: wide coverage and high efficiency!

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

PubChemLite tier1: 360 K

The 111 million Challenge … 

Bolton & Schymanski (2020). PubChemLite tier0 and tier1 (Version PubChemLite.0.2.0) DOI: 10.5281/zenodo.3611238

Environmental Use Case:

PubChemLite tier0: 316 K

111 million … OR …

the most relevant / annotated?

https://doi.org/10.5281/zenodo.3611238


27

PubChemLite: tailor-made database + metadata

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

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

Ruttkies et al. (2016) DOI: 10.1186/s13321-016-0115-9, Bolton & Schymanski (2020), DOI: 10.5281/zenodo.3611238 & in prep.

o 103 M => 300 K … how does this influence performance?

MetFragRL, PubChem 2016

MS/MS only (n=473)

MetFragRL, PubChem 2016

MS/MS + Metadata (n=1298)

MetFragRL, PubChemLite tier0

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

MetFragRL, PubChemLite tier1

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

0 20 40 60 80 100%

https://link.springer.com/article/10.1186/s13321-016-0115-9
https://doi.org/10.5281/zenodo.3611238
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Transformation Products: Filling the Data Gaps!
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NORMAN-SLE on PubChem
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Filling in the “Chemical Space”

Ruttkies et al. (2016) DOI: 10.1186/s13321-016-0115-9, Bolton & Schymanski (2020), DOI: 10.5281/zenodo.3611238 & in prep.

o Assessing the missing entries … 

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
https://doi.org/10.5281/zenodo.3611238
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Take Home Messages

o Challenges:

Selecting which method(s)

Increasing % identified

Improving interpretation

More? Check out our presentations at: https://zenodo.org/communities/lcsb-eci/

https://zenodo.org/communities/lcsb-eci/
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Take Home Messages

o Challenges:

Selecting which method(s)

Increasing % identified

Improving interpretation

o Annotating unknowns requires data 

and evidence from many different sources

o Many excellent workflows available to collate this information

o Incorporation of all available metadata is critical to success!

More? Check out our presentations at: https://zenodo.org/communities/lcsb-eci/

https://zenodo.org/communities/lcsb-eci/
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Take Home Messages

o Challenges:

Selecting which method(s)

Increasing % identified

Improving interpretation

o Annotating the exposome requires data 

and evidence from many different sources

o Many excellent workflows available to collate this information

o Incorporation of all available metadata is critical to success!

o Finally … information in the public domain helps everybody

o You never know when it will help you 

More? Check out our presentations at: https://zenodo.org/communities/lcsb-eci/

https://zenodo.org/communities/lcsb-eci/
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