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The Goal:

Aligizakis et al in prep. 

o To identify as many substances in environmental samples 
with high resolution mass spectrometry as possible

NORMAN Digital Sample Freezing Platform
- Retrospective screening across Europe
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The Goal:

o To identify as many substances in environmental samples 
with high resolution mass spectrometry as possible

o To do this we need:
• Mass Spectra in reference libraries 
• Metadata 

(and fancy computational methods … but that’s another story…)
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The Power of the Metadata (Top 1 ranks)

Schymanski et al, 2017, J Cheminf., DOI: 10.1186/s13321-017-0207-1    www.casmi-contest.org

http://www.casmi-contest.org/
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MetFrag2.3: Non-target Identification

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

Status: 2010 => 2016
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Non-target Identification and Metadata

Example from Schymanski et al 2014, ES&T, 48: 1811-1818. DOI: 10.1021/es4044374 

o Helps prioritize interesting candidates rapidly …
o …assuming candidates are in databases … 
o https://msbi.ipb-halle.de/MetFragBeta/

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

One candidate stands out already

https://msbi.ipb-halle.de/MetFragBeta/
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Suspect Screening Allows Efficient Data Exploration
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NORMAN Suspect Exchange & SusDat
o http://www.norman-network.com/?q=node/236

Schymanski, Aalizadeh et al. in prep.

ReferencesFull Lists InChIKeys

http://www.norman-network.com/?q=node/236


11

o Now 23 lists available online … from small to large!

Specialised Lists through to Market Lists
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…but not all are what they seem…
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Example: Eawag Surfactant List

Schymanski et al 2014, ES&T, 48: 1811-1818. DOI: 10.1021/es4044374 

https://comptox.epa.gov/dashboard/chemical_lists/eawagsurf

https://comptox.epa.gov/dashboard/chemical_lists/eawagsurf
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Eawag Surfactant List (after many late nights…)

Schymanski et al 2014, ES&T, 48: 1811-1818. DOI: 10.1021/es4044374 

https://comptox.epa.gov/dashboard/chemical_lists/eawagsurf

https://comptox.epa.gov/dashboard/chemical_lists/eawagsurf
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Eawag Surfactant List in CompTox Dashboard

Schymanski, Grulke, Williams et al, in prep. & Williams et al. 2017 J. Cheminformatics 9:61 DOI: 10.1186/s13321-017-0247-6

https://comptox.epa.gov/dashboard/chemical_lists/eawagsurf 

CDK Depict

https://cdkdepict-openchem.rhcloud.com/depict/cow/svg?smi=OS(=O)(=O)c1ccc(cc1)C(CC)CC%20|Sg:n:13:m:ht,Sg:n:11:n:ht|%20LAS;%20n%2Bm=7-10&abbr=off&hdisp=bridgehead&showtitle=true&zoom=2.45&annotate=none
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Cross-Linking with Lists in CompTox Dashboard

See next slide … 
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Supporting Evidence for Homologues

Stravs et al. (2013), J. Mass Spectrom, 48(1):89-99. DOI: 10.1002/jms.3131

OHSO

O

CH3

O

OH
m n

SPA-9C

m+n=6

Formulas: http://sourceforge.net/projects/genform/
Meringer et al, 2011, MATCH 65, 259-290
Data: Schymanski et al. 2014, ES&T, 48: 
1811-1818. DOI: 10.1021/es4044374

Chromatography and MS/MS Annotation

Literature: LIT00034,35
Sample:    ETS00002
Standard: ETS00016,17,19,20

https://github.com/MassBank/RMassBank/

http://sourceforge.net/projects/genform/
https://github.com/MassBank/RMassBank/
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Using Generic Structures for Screening/Linking

o https://github.com/schymane/RChemMass/
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Toolkit compatibility will be vital for us … 

o https://github.com/cdk/depict/issues/7

https://github.com/cdk/depict/issues/7
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… to enable world-wide exchange of suspects

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

NORMAN Suspect List Exchange: 
http://www.norman-network.com/?q=node/236

Tentatively Identified Spectra: 
http://goo.gl/0t7jGp

Hits in GNPS MassIVE datasets:
TPs in skin: http://goo.gl/NmO4tx
Surfactants: http://goo.gl/7sY9Pf

http://www.norman-network.com/?q=node/236
http://goo.gl/0t7jGp
http://goo.gl/NmO4tx
http://goo.gl/7sY9Pf
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2015: European Non-target Screening Trial

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

Croatian
Water

RWS



24

Homologous Series Detection

M. Loos & H Singer, 2017. J. Cheminf. DOI: 10.1186/s13321-017-0197-z & Schymanski et al. 2014, ES&T DOI: 10.1021/es4044374

http://www.envihomolog.eawag.ch/
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Surfactant Screening From Literature

Schymanski et al. (2014), ES&T, 48: 1811-1818. DOI: 10.1021/es4044374 

Literature sources
o Formulas, masses (ions), retention times and intensities
o Spectra of selected compounds (different instruments)

Gonzalez et al. Rapid Comm. 
Mass Spec. 2008, 22: 1445-54

Lara-Martin et al. EST. 2010, 44: 1670-1676
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2015: European Non-target Screening Trial

Schymanski et al, 2014, ES&T. DOI: 10.1021/es5002105 & Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7
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Reported Identification Depended on Source List

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

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

o …part of the NORMAN Databases Collection
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Eawag Surfactant List in CompTox Dashboard

CDK Depict

https://www.slideshare.net/AntonyWilliams/
markush-enumeration-to-manage-mesh-and-manipulate-substances-of-unknown-or-variable-composition

https://cdkdepict-openchem.rhcloud.com/depict/cow/svg?smi=OS(=O)(=O)c1ccc(cc1)C(CC)CC%20|Sg:n:13:m:ht,Sg:n:11:n:ht|%20LAS;%20n%2Bm=7-10&abbr=off&hdisp=bridgehead&showtitle=true&zoom=2.45&annotate=none
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Curation never stops … 

(many) more registrations…

Cleaning up lists to remove errors
Undefined mixtures (UVCBs)



31

Target, Suspect and Non-Target Screening

KNOWNS SUSPECTS No Prior Knowledge

HPLC separation and HR-MS/MS

TARGET 
ANALYSIS

SUSPECT 
SCREENING

NON-TARGET
SCREENING

Targets found Suspects found Masses of interest

(Molecular formula)

DATABASE 
SEARCH

STRUCTURE
GENERATION

Confirmation and quantification of compounds present

Candidate selection (retention time, MS/MS, calculated properties) 

Sampling                extraction (SPE)              HPLC separation            HR-MS/MS              

Time, Effort & Number of Compounds….

SUSPECTS

SPECTRUM 
SEARCH

Spectral match
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