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MetFrag in Practice

Assoc. Prof. Dr. Emma L. Schymanski

FNR ATTRACT Fellow and PI in Environmental Cheminformatics
Luxembourg Centre for Systems Biomedicine (LCSB), University of Luxembourg

Email: emma.schymanski@uni.lu and @ESchymanski

…and many colleagues who contributed to my science over the years!

Exposome Boot Camp MetFrag Session, July 26th, 2019. Measuring Exposures on an Omic Scale
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(Molecule =>) Mass => Molecule => Metadata

213.9637o Background

o Molecule to Mass

o Preparation for Mass to Molecule

o Gathering the “evidence”

o Molecular Formula example

o Structure Elucidation with MetFrag

o Step-by-step with one example (MetFrag)

o Practice Session with Several Examples

o [Optional] Context and Perspectives

o Potential for automated non-target workflows
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Before We Start …

o …and before you try your favourite example … 

o Servers, like people, need TLC

• And it’s midnight in Halle where MetFrag sits…

o I’ve carefully selected examples for today
• Try out these examples in groups to save bandwidth
• Please save new queries for the end of the workshop
• Because … it just takes a few of you to test the wrong formula in 

PubChem and we’ll bring all the servers down…
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Background: From Molecule to Mass I

o General scheme of mass spectrometry

Image © www.planetorbitrap.com/q-exactive Picture: chemwiki.ucdavis.edu

Information about “parent”
Information about “parent”
and fragments 
(substructures)
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Background: From Molecule to Mass II

o This is what the output “really” looks like …

Image © www.planetorbitrap.com/q-exactive
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Background: From Molecule to Mass …and back

o Identification = turning numbers into structures
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Confidence Levels for Tentative Structures

Schymanski, Jeon, Gulde, Fenner, Ruff, Singer & Hollender (2014) ES&T, 48 (4), 2097-2098. DOI: 10.1021/es5002105

o Annotation is the key to communicating information 

MS,  MS2,  RT,  Reference Std.
Level 1: Confirmed  structure

by reference standard

Level 2: Probable structure
a) by library spectrum match
b) by diagnostic evidence

Identification confidence

N

N

N

NHNH

CH3

CH3

S
CH3

OH

MS,  MS2,  Library MS2

MS,  MS2,  Exp. data

Example Minimum data requirements

Level 4: Unequivocal molecular formula

Level 5: Exact mass of interest

C6H5N3O4

192.0757

MS isotope/adduct

MS

Level 3: Tentative candidate(s)
structure, substituent, class MS,  MS2,  Exp. data

https://pubs.acs.org/doi/abs/10.1021/es5002105
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Identification Approaches and Terminology

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
insufficient structural evidence 

Start
Level 5 Mass of Interest

multiple detection, trends, …

“downgrading” with 
contradictory evidence

Increasing identification
confidence

Target list Suspect list

Peak picking or XICs
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Target List Suspect List
(e.g. NORMAN,

LMC, Eawag-PPS,
ReSOLUTION)

Componentization
(nontarget)

TARGET 
ANALYSIS

SUSPECT 
SCREENING

NON-TARGET
SCREENING

(enviMass, 
vendor software)

Gather evidence
(nontarget, 

ReSOLUTION,
RMassBank)

Masses of interest
Molecular formula

determination
(enviPat, GenForm)

Non-target identification 
(MetFrag2.3, ReSOLUTION) 

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

Detection of blank/blind/noise/internal standards; time trend analysis (enviMass)

Conversion (Proteowizard) and Peak Picking (enviPick, xcms, MZmine, …)

Prioritization
(enviMass)

MS/MS Extraction
(RMassBank)

Interpretation, confirmation, peak inventory, confidence and reporting

Altenburger et al, 2019, Env. Sci. Europe. DOI: 10.1186/s12302-019-0193-1

https://doi.org/10.1186/s12302-019-0193-1
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(Molecule =>) Mass => Molecule => Metadata

o Background

o Molecule to Mass

o Preparation for Mass to Molecule

o Gathering the “evidence”

o Molecular Formula example

o Structure Elucidation with MetFrag

o Step-by-step with one example (MetFrag)

o Practice Session with Several Examples

o [Optional] Context and Perspectives

o Potential for automated non-target workflows

213.9637
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Non-target Identification: Where to start?

Componentization
(nontarget)

NON-TARGET
SCREENING

Masses of interest
Molecular formula

determination
(enviPat, GenForm)

Non-target identification 
(MetFrag) 

Prioritization
(enviMass)

MS/MS Extraction
(RMassBank)

Directed by the  
scientific question
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Targets, Non-targets and Isotopes (ESI-) by Intensity

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

Artificial Sweeteners

Diclofenac

Pictures: www.coca-cola-com; www.rivella.ch; www.voltargengel.com

https://pubs.acs.org/doi/10.1021/es4044374
http://www.coca-cola-com/
http://www.rivella.ch/
http://www.voltargengel.com/
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Non-target Identification: Where to start?

Componentization
(nontarget)

NON-TARGET
SCREENING

Masses of interest
Molecular formula

determination
(enviPat, GenForm)

Non-target identification 
(MetFrag) 

Prioritization
(enviMass)

MS/MS Extraction
(RMassBank)

Gather 
Evidence
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Grouping Adducts and Isotopes

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

0

3000

6000

9000

12000

15000

positive

2%
27%
100%

Noise/Blank Targets Non-targets

0

3000

6000

9000

12000

15000

positivenegative

1%
30%

100%
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Gathering Evidence for Identification I
Determining the molecular mass and elements, adducts present

388.2551
[M+NH4]+

Schymanski et al. 2015, ABC, 
DOI: 10.1007/s00216-015-8681-7
M. Loos, et al. 2015, DOI: 
10.1021/acs.analchem.5b00941

http://www.eawag.ch/forschung/uchem/software/
http://cran.r-project.org/web/packages/nontarget/

http://cran.r-project.org/web/packages/enviPat/

http://www.eawag.ch/forschung/uchem/software/
http://cran.r-project.org/web/packages/nontarget/
http://cran.r-project.org/web/packages/enviPat/
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Gathering Evidence for Identification II
Detecting the presence of elements with enviPat and nontarget

13C

15N

13C, 18O

34S

M. Loos, et al. 2015, DOI: 10.1021/acs.analchem.5b00941
http://www.envipat.eawag.ch/ http://cran.r-project.org/web/packages/enviPat/

Image © www.seanoakley.com/

http://www.envipat.eawag.ch/
http://cran.r-project.org/web/packages/enviPat/


17

Detecting Isotope Signals in Samples

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

“Classic” environmental strategy: Cl isotopes
A small number of 15N isotopes

A surprising number of 34S isotopes
Cl

N
S
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Peak Grouping in Workflows
This can be done automatically with nontarget / enviMass (and others)
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Non-target Identification: Where to start?

Componentization
(nontarget)

NON-TARGET
SCREENING

Masses of interest
Molecular formula

determination
(enviPat, GenForm)

Non-target identification 
(MetFrag) 

Prioritization
(enviMass)

MS/MS Extraction
(RMassBank)

Gather 
Evidence
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Targets, Non-targets and Isotopes (ESI-)

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

S OO

O-

m/z = 79.96
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MS2: Extracting Mass Spectra I

Automatic MS and MS/MS
Recalibration and Clean-up 
Remove interfering peaks

Spectral Annotation with
- Experimental Details

- Compound Information

https://github.com/MassBank/RMassBank/
http://bioconductor.org/packages/RMassBank/
Stravs, Schymanski, Singer and Hollender, 2013, 
Journal of Mass Spectrometry, 48, 89–99. DOI: 10.1002/jms.3131

https://github.com/MassBank/RMassBank/
http://bioconductor.org/packages/RMassBank/
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MS2: Extracting Mass Spectra II

Automatic MS and MS/MS
Recalibration and Clean-up 
Remove interfering peaks

Spectral Annotation with
- Experimental Details

- Compound Information

https://github.com/MassBank/RMassBank/
http://bioconductor.org/packages/RMassBank/

MS/MS for 
further 

processing

Knowns, Suspects, Unknowns…

https://github.com/MassBank/RMassBank/
http://bioconductor.org/packages/RMassBank/
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(Molecule =>) Mass => Molecule => Metadata

o Background

o Molecule to Mass

o Preparation for Mass to Molecule

o Gathering the “evidence”

o Molecular Formula example

o Structure Elucidation with MetFrag

o Step-by-step with one example (MetFrag)

o Practice Session with Several Examples

o [Optional] Context and Perspectives

o Potential for automated non-target workflows

213.9637
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Non-target Identification: Molecular Formula

Componentization
(nontarget)

NON-TARGET
SCREENING

Masses of interest
Molecular formula

determination
(enviPat, GenForm)

Non-target identification 
(MetFrag2.3) 

Prioritization
(enviMass)

MS/MS Extraction
(RMassBank)

MS1:
213.9637  1168637.0 [M-H]-

214.9630    14790.0 M+1/15N
214.9670    94077.2 M+1/13C
215.9595   104643.6 M+2/34S
215.9679     7060.2 M+2/13C

MS/MS:
134.0054   339689.4
150.0001    77271.2
213.9607   632466.8
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Generating Molecular Formulas with GenForm

213.9637  1168637.0 [M-H]-

214.9630    14790.0 M+1/15N
214.9670    94077.2 M+1/13C
215.9595   104643.6 M+2/34S
215.9679     7060.2 M+2/13C

134.0054   339689.4
150.0001    77271.2
213.9607   632466.8

GenForm (formerly MOLGEN-MS/MS)1

1M. Meringer et al. (2011), MATCH Commun. Math. Comput. Chem. 65, 259-290.  

MS: MSMS:

Formulas ppm MS_MV    MSMS_MV  CombMV
C6HNO8            -3.5  0.92525 0.33333  0.30842
C9H2N3PS          -1.3  0.96281 0.33333  0.32094
CH8N5P3S           1.6  0.91823 0.33333  0.30608
C7H5NO3S2          0.5  0.98487 1.00000  0.98487
CH6N5O2PS2        -4.3  0.96260 0.66667  0.64173
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Generating Molecular Formulas with GenForm

213.9637  1168637.0 [M-H]-

214.9630    14790.0 M+1/15N
214.9670    94077.2 M+1/13C
215.9595   104643.6 M+2/34S
215.9679     7060.2 M+2/13C

134.0054   339689.4
150.0001    77271.2
213.9607   632466.8

GenForm (formerly MOLGEN-MS/MS)1

1M. Meringer et al. (2011), MATCH Commun. Math. Comput. Chem. 65, 259-290.  

MS: MSMS:
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Non-target Identification: Next Step: Candidates!

Componentization
(nontarget)

NON-TARGET
SCREENING

Masses of interest
Molecular formula

determination
(enviPat, GenForm)

Non-target identification 
(MetFrag) 

Prioritization
(enviMass)

MS/MS Extraction
(RMassBank)

MS1:
213.9637  1168637.0 [M-H]-

214.9630    14790.0 M+1/15N
214.9670    94077.2 M+1/13C
215.9595   104643.6 M+2/34S
215.9679     7060.2 M+2/13C

MS/MS:
134.0054   339689.4
150.0001    77271.2
213.9607   632466.8

C7H5NO3S2
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(Molecule =>) Mass => Molecule => Metadata

o Background

o Molecule to Mass

o Preparation for Mass to Molecule

o Gathering the “evidence”

o Molecular Formula example

o Structure Elucidation with MetFrag

o Step-by-step with one example (MetFrag)

o Practice Session with Several Examples

o [Optional] Context and Perspectives

o Potential for automated non-target workflows

213.9637
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MetFrag: In silico non-target identification

Wolf et al, 2010, BMC Bioinf. 11:148, DOI: 10.1186/1471-2105-11-148 

Status: 2010

5 ppm
0.001 Da

mz [M-H]-

213.9637
± 5 ppm

MS/MS

134.0054   339689.4
150.0001    77271.2
213.9607   632466.8135 Candidates
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https://msbi.ipb-halle.de/MetFrag/
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MetFrag 2010 vs MetFrag Relaunched

Ruttkies, Schymanski, Wolf, Hollender, Neumann, J. Chem. Inf., 2016, http://jcheminf.com/content/8/1/3 

Test set of 473 Eawag Target Substances

1www.chemspider.com; ~34 million entries
2https://pubchem.ncbi.nlm.nih.gov/; ~74 million entries

http://ipb-halle.github.io/MetFrag/

MetFrag
2010

New MetFrag
Fragments 

only
ChemSpider1

Top 1 Ranks 73 105
% Top 1 Ranks 15 % 22 %
PubChem2

Top 1 Ranks - 30
% Top 1 Ranks - 6 %
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https://msbi.ipb-halle.de/MetFrag/
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MetFrag: In silico non-target identification

Ruttkies, Schymanski, Wolf, Hollender, Neumann, J. Chem. Inf., 2016, DOI: 10.1186/s13321-016-0115-9

Status: 2016

5 ppm
0.001 Da

mz [M-H]-

213.9637
± 5 ppm

MS/MS

134.0054   339689.4
150.0001    77271.2
213.9607   632466.8

https://doi.org/10.1186/s13321-016-0115-9
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Gathering Evidence for Identification
Retention time on Liquid Chromatography C18 Column

Ruttkies, Schymanski, Wolf, Hollender, Neumann, J. Chem. Inf., 2016, DOI: 10.1186/s13321-016-0115-9

https://doi.org/10.1186/s13321-016-0115-9


35

MetFrag: In silico non-target identification
Status: 2016

5 ppm
0.001 Da

mz [M-H]-

213.9637
± 5 ppm

MS/MS

134.0054   339689.4
150.0001    77271.2
213.9607   632466.8

RT: 4.58 min
355 InChI/RTs

Ruttkies, Schymanski, Wolf, Hollender, Neumann, J. Chem. Inf., 2016, DOI: 10.1186/s13321-016-0115-9

https://doi.org/10.1186/s13321-016-0115-9
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Contribution of References, RT and Fragments

Ruttkies, Schymanski, Wolf, Hollender, Neumann, J. Chem. Inf., 2016, DOI: 10.1186/s13321-016-0115-9

MS/MS MS/MS
MSMS |  RT  | Refs
0.49 | 0.19 | 0.32

MSMS |  RT  | Ref+Pats
0.50 | 0.16 |   0.34  

https://doi.org/10.1186/s13321-016-0115-9
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MetFrag2.2 & Non-target Identification

Ruttkies, Schymanski, Wolf, Hollender, Neumann, J. Chem. Inf., 2016, DOI: 10.1186/s13321-016-0115-9

MetFrag
2010

New MetFrag
Fragments 

only

New MetFrag
+References

+Retention time
ChemSpider1

Top 1 Ranks 73 105 420
% Top 1 Ranks 15 % 22 % 89 %
PubChem2

Top 1 Ranks - 30 336
% Top 1 Ranks - 6 % 71 %

Test set of 473 Eawag Target Substances

1www.chemspider.com; ~34 million entries
2https://pubchem.ncbi.nlm.nih.gov/; ~74 million entries

http://ipb-halle.github.io/MetFrag/

Similar results with 3 independent datasets of 310, 289 and 225 substances 
from Eawag and UFZ (www.massbank.eu) 

https://doi.org/10.1186/s13321-016-0115-9
http://www.massbank.eu/
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Isotopes: Using Isotope Fine Structure

M. Loos, et al. 2015, DOI: 10.1021/acs.analchem.5b00941
http://www.envipat.eawag.ch/ http://cran.r-project.org/web/packages/enviPat/ Image © www.seanoakley.com/

34S

13C, 18O

http://www.envipat.eawag.ch/
http://cran.r-project.org/web/packages/enviPat/


39

MetFrag: In silico non-target identification
Status: 2016

5 ppm
0.001 Da

mz [M-H]-

213.9637
± 5 ppm

MS/MS

134.0054   339689.4
150.0001    77271.2
213.9607   632466.8

RT: 4.58 min
355 InChI/RTs

Ruttkies, Schymanski, Wolf, Hollender, Neumann, J. Chem. Inf., 2016, DOI: 10.1186/s13321-016-0115-9

Elements: C,N,S

https://doi.org/10.1186/s13321-016-0115-9
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Targets, Non-targets and Isotopes (ESI-)

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

S OO

O-

m/z = 79.96

Picture: www.momsteam.com

http://www.momsteam.com/
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MetFrag: In silico non-target identification
Status: 2016

5 ppm
0.001 Da

mz [M-H]-

213.9637
± 5 ppm

MS/MS

134.0054   339689.4
150.0001    77271.2
213.9607   632466.8

RT: 4.58 min
355 InChI/RTs

Ruttkies, Schymanski, Wolf, Hollender, Neumann, J. Chem. Inf., 2016, DOI: 10.1186/s13321-016-0115-9

Elements: C,N,S

S OO

OH

https://doi.org/10.1186/s13321-016-0115-9
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Suspect Screening – NORMAN SLE

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

https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/SLE/
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MetFrag: In silico non-target identification
Status: 2016

5 ppm
0.001 Da

mz [M-H]-

213.9637
± 5 ppm

MS/MS

134.0054   339689.4
150.0001    77271.2
213.9607   632466.8

RT: 4.58 min
355 InChI/RTs

Ruttkies, Schymanski, Wolf, Hollender, Neumann, J. Chem. Inf., 2016, DOI: 10.1186/s13321-016-0115-9

Elements: C,N,S

S OO

OH

Suspect List(s)
InChIKeys

https://doi.org/10.1186/s13321-016-0115-9
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Adding in Spectral Libraries via MoNA



45

MetFrag: In silico non-target identification
Status: 2016

5 ppm
0.001 Da

mz [M-H]-

213.9637
± 5 ppm

MS/MS

134.0054   339689.4
150.0001    77271.2
213.9607   632466.8

RT: 4.58 min
355 InChI/RTs

Ruttkies, Schymanski, Wolf, Hollender, Neumann, J. Chem. Inf., 2016, DOI: 10.1186/s13321-016-0115-9

Elements: C,N,S

S OO

OH

Suspect List(s)
InChIKeys

https://doi.org/10.1186/s13321-016-0115-9
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Example: https://msbi.ipb-halle.de/MetFrag/



47

Example with MetFrag
m/z [M-H]- 213.9637 [non-target]

5 ppm
0.001 Da

mz [M-H]-

213.9637
± 5 ppm

MS/MS

134.0054   339689.4
150.0001    77271.2
213.9607   632466.8
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Example with MetFrag
m/z [M-H]- 213.9637 [non-target]

5 ppm
0.001 Da

MS/MS

134.0054   339689.4
150.0001    77271.2
213.9607   632466.8

Molecular
Formula:
C7H5NO3S2
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Example with MetFrag
m/z [M-H]- 213.9637 [non-target]

5 ppm
0.001 Da

mz [M-H]-

213.9637
± 5 ppm

RT: 4.58 min
355 InChI/RTs

MS/MS

134.0054   339689.4
150.0001    77271.2
213.9607   632466.8

Suspect List(s)
InChIKeys

Elements: C,N,S

S OO

OH

Remaining information is added in 
“Candidate Filter & Score Settings”
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Adding Elements
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Adding Substructures

o Careful: there is one “pre-selected” if you activate this
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Adding Substructures

o Deselect the active one, add in “S(=O)(=O)O” instead

o NOTE: you can include substructures as “filters” or 
“scoring terms”
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Adding Substructures

o NOTE: you can include substructures as “filters” or 
“scoring terms”
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Adding Substructures

o You can always check your SMARTS on CDK Depict
https://www.simolecule.com/cdkdepict/depict.html

https://www.simolecule.com/cdkdepict/depict.html
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Influence of Elements, Substructure on Candidates
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Adding Scoring Terms

o Retention time
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Adding Scoring Terms

o Suspect Inclusion Lists
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Adding Scoring Terms

o Exact Spectral Similarity, Database Terms
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Statistics Plot: Overview of results
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Statistics Plot: Overview of results
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Results Overview
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Fragments View
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Scores View
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Download Results
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Download Results

You can try this entire example soon – see Example 1 in documentation
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(Molecule =>) Mass => Molecule => Metadata

o Background

o Molecule to Mass

o Preparation for Mass to Molecule

o Gathering the “evidence”

o Molecular Formula example

o Structure Elucidation with MetFrag

o Step-by-step with one example (MetFrag)

o Practice Session with Several Examples

o [Optional] Context and Perspectives

o Potential for automated non-target workflows

213.9637
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Example 2
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McEachran et al. 2018, DOI: 10.1186/s13321-018-0299-2; Schymanski & Williams, 2017 ES&T DOI: 10.1021/acs.est.7b01908

“MS-ready” Form for MetaData in MetFrag

https://doi.org/10.1186/s13321-018-0299-2
https://pubs.acs.org/doi/abs/10.1021/acs.est.7b01908
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CompTox Dashboard + Nicotine

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

https://comptox.epa.gov/dashboard/
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CompTox Dashboard + Nicotine

https://comptox.epa.gov/dashboard/dsstoxdb/results?search=nicotine

https://comptox.epa.gov/dashboard/dsstoxdb/results?search=nicotine
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CompTox Dashboard + Nicotine

https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300801&dsn=Eawag

https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300801&dsn=Eawag
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CompTox Dashboard + Nicotine in MetFrag

o CompTox is integrated as a “Local Database”
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MetaData is included in CompTox
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Include MS/MS and mode from MassBank Record



75

Check Spectrum
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Process Candidates (Grouped)
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Process Candidates (Grouped)
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Process Candidates (Grouped)
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Process Candidates (Grouped)
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Process Candidates (Ungrouped)
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Process Candidates (Ungrouped)
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Example 3
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“MS-ready” Form for MetaData in MetFrag
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C12-LAS (Literature Spectrum in MassBank)

https://massbank.eu/MassBank/RecordDisplay.jsp?id=LIT00003&dsn=Literature_Specs

https://massbank.eu/MassBank/RecordDisplay.jsp?id=LIT00003&dsn=Literature_Specs
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MetFrag with C12-LAS and CompTox
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MetFrag with C12-LAS and CompTox
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MetFrag with C12-LAS and CompTox
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MetFrag with C12-LAS and CompTox
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Example 4 – own CSV file!
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New MetaData: Disease-Specific Reference Counts

Schymanski et al. DOI: 10.1039/C9EM00068B (Perspective) Environ. Sci.: Processes Impacts, 2019, Accepted Manuscript

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

https://doi.org/10.1039/C9EM00068B
https://doi.org/10.1039/2050-7895/2013
https://comptox.epa.gov/dashboard/chemical_lists/litminedneuro
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MetFrag + Disease-based MetaData
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MetFrag + Disease-based MetaData

https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ331905&dsn=Eawag

https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ331905&dsn=Eawag
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Select MetaData Terms … 
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MetFrag + Disease-based MetaData
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MetFrag + Disease-based MetaData
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Example 5
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NT Trial: The tricky cases!

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

Terbutylazine
Detects: 12; # Refs: 220

Sebutylazine
Detects: 3; # Refs: 51

Propazine
Detects: 3; # Refs: 201C 9

H 1
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NH CH3

CH3

CH3
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NH CH3NH
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NH CH3NH

CH3

CH3

CH3
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C 7
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NH2NH
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CH3

N

NN

Cl

NH2NH

CH3
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2-hydroxy

Detects: 2; # Refs: 57

Sebutylazine-desethyl-
2-hydroxy

Detects: 0; # Refs: 3

Simazine-2-hydroxy

Detects: 2; # Refs: 66

C 7
H 1

3N
5O

m
/z
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0 
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NN

NH2NH

OH
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CH3
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https://doi.org/10.1007/s00216-015-8681-7
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NORMAN Digital Sample Freezing Platform

Image provided by Nikiforos Alygizakis. DSFP: Alygizakis et al, 2019, TrAC, DOI: 10.1016/j.trac.2019.04.008

Joint Black Sea Survey 2016

https://doi.org/10.1016/j.trac.2019.04.008
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MetFrag Web Interface – Retrieve Candidates

Schymanski (2019). ChemInChIformatics: IUPAC's Role in the Environmental Monitoring Revolution. DOI: 10.5281/zenodo.3270900

http://doi.org/10.5281/zenodo.3270900
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MetFrag Web Interface – Add MS/MS Details

Schymanski (2019). ChemInChIformatics: IUPAC's Role in the Environmental Monitoring Revolution. DOI: 10.5281/zenodo.3270900

http://doi.org/10.5281/zenodo.3270900
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MetFrag Web Interface – Add Metadata Info
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Suspect Screening – NORMAN SLE

https://www.norman-network.com/nds/SLE/
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MetFrag Web Interface
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MetFrag Results
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MetFrag Results – Metadata is good … but … 

Schymanski (2019). ChemInChIformatics: IUPAC's Role in the Environmental Monitoring Revolution. DOI: 10.5281/zenodo.3270900

http://doi.org/10.5281/zenodo.3270900
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MetFrag Results - Consider Experimental Evidence!

Schymanski (2019). ChemInChIformatics: IUPAC's Role in the Environmental Monitoring Revolution. DOI: 10.5281/zenodo.3270900

Spectral Match: 0.9999

Spectral Match: 0.6086

http://doi.org/10.5281/zenodo.3270900
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(Molecule =>) Mass => Molecule => Metadata

o Background

o Molecule to Mass

o Preparation for Mass to Molecule

o Gathering the “evidence”

o Molecular Formula example

o Structure Elucidation with MetFrag

o Step-by-step with one example (MetFrag)

o Practice Session with Several Examples

o [Optional] Context and Perspectives

o Potential for automated non-target workflows

213.9637
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o MS Processing: 

o Screening List: Compound List of Mix Content

o Identification:

• Fragmenter Score
• Retention Time Score (RTs from Eawag Mix Standards)
• Offline MetFusion Score
• Offline Individual MONA Score

• Maximum Score: 4
• NO REFERENCE INFORMATION (irrelevant)

https://github.com/MassBank/RMassBank and https://msbi.ipb-halle.de/MetFragBeta/ and https://massbank.eu/MassBank/

Unblinded ResultsData Analysis

+ Compound List 
of Mix Content

https://github.com/MassBank/RMassBank
https://msbi.ipb-halle.de/MetFragBeta/
https://massbank.eu/MassBank/
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Compound List CreationData Analysis

- Chemicals in each list had a unique ID (0XXX, 1XXX, …. 9XXX)
- Processing done on DTXCID SMILES
- Metals now included in RMassBank [PPGs done separately]
- No retention times given (=> isobars = Level 3!!!!!!)
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RMassBank Pre-Screening

https://github.com/schymane/ReSOLUTION/blob/master/R/RMB_EIC_prescreen.R

Data Analysis

- Auto-selects only those with MS/MS for RMassBank
- CSV and PDF output for quality control
- CSV basis for (part) of results summary
- CAVEAT: only takes most intense peak without RT

(=> Level 3 for isobars)
- [this can be addressed but I ran out of time … ]

Pre-Screening

https://github.com/schymane/ReSOLUTION/blob/master/R/RMB_EIC_prescreen.R
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RMassBank Pre-Screening

https://github.com/schymane/ReSOLUTION/blob/master/R/RMB_EIC_prescreen.R

Data Analysis
No peak at all

Nice peak, MSMS
Peak, no MSMS

Noise with MSMS       (careful!)

Isobars with MSMS       (careful!)*

https://github.com/schymane/ReSOLUTION/blob/master/R/RMB_EIC_prescreen.R
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RMassBank Results

https://github.com/MassBank/RMassBank

Data Analysis

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

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/ and https://github.com/schymane/ReSOLUTION/

Data Analysis

o Information auto-retrieved via the unique ID from
• Individual mixture lists (used also to create summaries)
• MassBank records created during processing
• Dummy record (mz=999, I=999) used if MS/MS was absent

o Screening List: LocalDB of Mix Content (localCSV)

o Identification:
• Fragmenter Score
• Retention Time Score (RTs from Eawag Mix Standards)
• Offline MetFusion Score
• Offline Individual MONA Score

• Maximum Score: 4
• NO REFERENCE INFORMATION (irrelevant)

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/
https://github.com/schymane/ReSOLUTION/
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MetFrag Calculations

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/ and https://github.com/schymane/ReSOLUTION/

Data Analysis

o Create Config Files (MetFragConfig) 
o Run MetFrag (runMetFrag)

o Run MetFrag (runMetFrag)

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/
https://github.com/schymane/ReSOLUTION/
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MetFrag Calculations

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/ and https://github.com/schymane/ReSOLUTION/

Data Analysis

o Extract Results and Summarize

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/
https://github.com/schymane/ReSOLUTION/
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MetFrag Calculations

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/ and https://github.com/schymane/ReSOLUTION/

Data Analysis

o Voila!

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/
https://github.com/schymane/ReSOLUTION/
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Application to Rhine Case Study
Upstream, effluent and downstream samples from 3 locations

effluent

upstream

downstream

Map, photos provided by Nicole Munz, Eawag

MURIEcoImpact

www.ecoimpact.ch
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Sampling                   online SPE              HPLC separation          HR-MS/MS              

Detection of blank/blind/noise/internal standards; presence upstream/downstream (enviMass)

Conversion (Proteowizard) and Peak Picking (enviPick)

Componentization
(nontarget)

NON-TARGET
SCREENING

159 masses positive
148 masses negative

DDA-MS/MS

Top 100 per sample
with isotope/adduct

Interpretation, confirmation, peak inventory, confidence and reporting

Suspect Surfactants

SUSPECT 
SCREENING

Gather evidence
(nontarget, 

RMassBank)

Target List

TARGET 
ANALYSIS

By: Nicole Munz
(enviMass, 

Trace Finder)

Non-target identification 
(MetFrag, ReSOLUTION) 

EIC, MS/MS retrieval
(RMassBank) Most intense MS/MS
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“Industrial Chemical List” (Stellan Fischer, KEMI)
Exposure Score & Hazard Scores for Suspected chemicals

m/z values also from 
UVCB components

Substances 
with hazard scoresUVCB: "Unknown or Variable 

composition, Complex reaction 
products or Biological materials"
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Application to Rhine Case Study
Upstream, effluent and downstream samples from 3 locations

o Top 100 masses with isotope (+/-) and adducts (+) from every sample taken 

o Positive: 159 masses (<m/z 460) => 92 MS/MS

o Negative: 148 masses (<m/z 500) => 90 MS/MS

o Exposure and Hazard Screening (Stellan Fischer, KEMI)

o 199 “hits” in the KEMI list => 149 chemicals => 54 masses (35 +, 19 -)

o 28 positive and16 negative masses with MS/MS

Total Level 1 Level 2 Level 3 Level 4 Level 5
Confirmed Probable Tentative Formula Ex. Mass

Positive 28 2 2* 19 3 -
Negative 16 3 3 8 1 1

*includes case where another isomer is possible 
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Proof of Concept: Candesartan

Combined and individual scores in MetFrag

Total
Score

Explained 
Peaks; Raw 
Score

Total
Refs

Suspect? MetFusion
MoNA
Offline

Top MS/MS
Similarity in 
MoNA

4.71 28; 241 2974 Yes 1.71 0.967

1.76 27; 249 4 No 1.70 N/A

1.73 28; 241 4 No 1.68 N/A

1.70 28; 241 4 No 1.64 N/A

“Exposure Score” 11 (of max. 27)*
“Hazard Score Sum”  0.75 (of max. 4)* 
ΔRT(online)=0.15 min

*Exposure and hazard values provided 
by Stellan Fischer, KEMI, Sweden

http://bb-x-stoffident.hswt.de
http://mona.fiehnlab.ucdavis.edu

CH3

O
N

N

N
N
H

N

N
OOH

http://bb-x-stoffident.hswt.de/
http://mona.fiehnlab.ucdavis.edu/
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Non-target with Ref. Std. at Partner

MS/MS 0.999 (UFZ/TUE)
Expo 14, Hazard N/A

MS/MS 0.975 (UFZ/TUE)

https://comptox.epa.gov/dashboard/dsstoxdb/results?search=27503-81-7
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Non-target m/z [M+H]+ = 267.1719

Expo/Hazard scores provided by Stellan Fischer, KEMI

TBP (CAS 126-73-8): Expo Score 19; Hazard Score Sum: 2.2
TIBP(CAS 126-71-6): Expo Score 19; Hazard Score Sum 0.72

TIBP: Reference Standard from UFZ

Similarity = 0.9998
Similarity (I0.5) = 0.9858

Similarity = 0.9998
Similarity (I0.5) = 0.9895

TBP: Spectrum from NIST
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Non-target screening made easier…

…but not always easy… Exposure and toxicity estimations 
What is driving the toxicity?m/z [M-H]-

191.0195
Citric acid Name CAS Expo Score Hazard Score

Citric acid 77-92-9 23 0.48
Citric acid (Na salt) 68-04-2 21 0.42
Citric acid (K salt) 866-84-2 16 0.45
Citric acid (Zn salt) 546-46-3 13 1.02
Citric acid (Ca salt) 5785-44-4 8 0.42
Citric acid (NH3 salt) 3012-65-5 7 0.42
Citric acid (Ni salt) 22605-92-1 5 3.8
Citric acid (Co salt) 18727-04-3 5 1.14
Citric acid (Ni salt) 18721-51-2 4 3.8
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Identifying Small Molecules in Untargeted Data:

E. Schymanski, S. Torres & N. Ramirez. (2019). Untargeted Exposomics Data: Thirdhand Smoke. DOI: 10.5281/zenodo.3046373

A case study of Thirdhand Smoke (THS)

+

=

http://doi.org/10.5281/zenodo.3046373
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TSNA+ Target List THS Suspect List

Peak Picking (xcms)
SUSPECT SCREENING

NON-TARGET SCREENING

Statistics (in house)

Non-target identification 
(MetFrag, ReSOLUTION) 

Conversion (Proteowizard)

Prioritization (xcms)

MS/MS Extraction
(RMassBank)

Interpretation, confirmation, peak inventory, confidence and reporting

Masses of interestMasses of interest

Sampling                extraction (SPE)                 UHPLC separation     HR-MS/MS              Extraction (AcN+
QuEChERS+ Z-Sep)
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MS/MS Extraction with RMassBank

X

Careful
with RT!

Always check
with knowns!
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NTS with MetFrag and ReSOLUTION

o Create config files (MetFragConfig) 
o Run MetFrag (runMetFrag)

o Run MetFrag (runMetFrag)

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/ and https://github.com/schymane/ReSOLUTION/

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/
https://github.com/schymane/ReSOLUTION/
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NTS with MetFrag and ReSOLUTION

o Extract results and summarize

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/ and https://github.com/schymane/ReSOLUTION/

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/
https://github.com/schymane/ReSOLUTION/
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CSV Summary Output for Results Interrogation

TIBP well documented in dust, e.g. Rostkowski et al 2019 DOI: 10.1007/s00216-019-01615-6 and DOI: 10.5281/zenodo.2653206

⇒Approaching automatic assignment of confidence levels
⇒Quick, high throughput prioritization for data reacquisition

Level 1
Target

Level 2
MSMS Match

Level 3
Tentative ID

Level 5
No MS/MS

https://link.springer.com/article/10.1007/s00216-019-01615-6
https://doi.org/10.5281/zenodo.2653206
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TSNA+ Target List THS Suspect List

Peak Picking (xcms)
SUSPECT SCREENING

NON-TARGET SCREENING

Statistics (in house)

Non-target identification 
(MetFrag, ReSOLUTION) 

Conversion (Proteowizard)

Prioritization (xcms)

MS/MS Extraction
(RMassBank)

Interpretation, confirmation, peak inventory, confidence and reporting

Masses of interestMasses of interest

Sampling                extraction (SPE)                 UHPLC separation     HR-MS/MS              Extraction (AcN+
QuEChERS+ Z-Sep)
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Perspectives: Identifying Small Molecules in NTS

o Many comprehensive workflows
• I have presented just one of them!

o Annotation of “known unknowns”
is now relatively “quick”:
• Especially with well-chosen suspect 

screening and metadata

o The bottleneck is still in expt. design and interpretation
• But in the meantime we can do some pretty neat things!
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