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Unexplained Effects in SOLUTIONS
Target analysis explains only a small fraction of total effects

AhR activation PSII inhibition Oxidative stress response

⇒ many UNKNOWNS contributing 
to observed effects

P.A. Neale et al. 2017, STOTEN, 576:785-795. DOI: 10.1016/j.scitotenv.2016.10.141



Target, Suspect and Non-Target Screening
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2011: What is in our (Swiss) Wastewater?
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Schymanski, Singer, Longrée, Loos, Ruff, Stravs, Vidal, Hollender 
(2014), Environ. Sci. Technol, 48: 1811-1818. DOI: 10.1021/es4044374 

10 Wastewater Treatment Plants
24 hr flow-proportional samples
February 2010
364 target substances



Target Analysis: Status Quo (>364 targets)

Target List

HPLC separation and HR-MS/MS
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Targets, Non-targets and Isotopes (ESI-)

Artificial Sweeteners

Diclofenac

Schymanski et al. 
2014, ES&T DOI: 
10.1021/es4044374



Targets, Non-targets and Isotopes (ESI-)
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Schymanski et al. 
2014, ES&T DOI: 
10.1021/es4044374 Picture: www.momsteam.com
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Surfactant Screening
Gathering Information from Literature

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



Homologous Series Detection
Search for mass differences
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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/



Homologous Series Detection
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Targets, Surfactants, Non-targets and Isotopes (ESI-)
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Supporting Evidence for Homologues
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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/


Suspect and Non-target Screening Across Europe 2015
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European (World?)-Wide Exchange of Suspects

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

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

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


Collaborative Non-target Screening Trial in Europe
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NORMAN Network Suspect List Exchange
http://www.norman-network.com/?q=node/236

ReferencesFull Lists InChIKeys



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

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


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

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


Cross-Linking Homologues in the 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


Cross-Linking Homologues in the Dashboard



The Scale of the Problem…
Many of the many lists in the Dashboard contain UVCBs!



The Scale of the Problem…
Exposure Score & Hazard Scores … 75 % (~75,000!) are for UVCBs



The Scale of the Problem…
Highest Priority PFAS are also highly complex UVCBs!



The Scale of the Problem… PFAS are everywhere
Lipid extract of Mycobacterium smegmatis

C23F48O7
+CF2



The Scale of the Problem & how Open Science helps!
If the information is out there, it can be found. If not, unknowns remain.

C23F48O7
+CF2
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The Scale of the Problem & how Open Science helps!
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PS: The Scale of the (Cheminformatics) Problem
Chlorinated paraffins (thanks Karen for mentioning this example…)



Take-Home Messages
Complex Mixtures and High Resolution Mass Spectrometry

o Over 60 % of HR-MS peaks are relevant but unknown
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Take-Home Messages
Complex Mixtures and High Resolution Mass Spectrometry

o Over 60 % of HR-MS peaks are relevant but unknown

o Complex mixtures (UVCBs) are a huge and very challenging part of the puzzle

o Cheminformatics approaches to deal with these are in their infancy but huge 
progress has been made in very short time … 

o Information in the public domain helps everyone! 

(you never know when it will help you!)
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Thank You!

Questions?
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Extra Slides



Identification Strategies and Confidence
Schymanski et al 2015. DOI: 
10.1007/s00216-015-8681-7
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Schymanski et al, 2014, 
ES&T, 48 (4), 2097-2098. 
DOI: 10.1021/es5002105



Grouping Isotopes and Adducts
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The Chemical Identity Challenge
Schymanski & Williams, 2017, ES&T 
DOI: 10.1021/acs.est.7b01908
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