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Where to start identification?

Turning big lists into, well, smaller lists!

Emma Schymanski 

Marie Curie Inter-European Postdoctoral Fellow 

Plus many others who have worked with… 

Eawag: Swiss Federal Institute of Aquatic Science and Technology

An overview of screening

o Removing unwanted peaks

o Background and noise reduction

o Target Screening

o Suspect Screening

o “Known” suspects

o “Unknown” suspects

o “Related” suspects

o Detecting “wanted” peaks

o Peak grouping
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Targets, Suspects and Non-targets

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

TARGET 
SCREENING

SUSPECT 
SCREENING

NON-TARGET
SCREENING

Candidate search
(Databases, structure generation)

Molecular formula

Confirmation and quantification with reference standards

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

SUSPECT MASS 
SCREENING

What to do with raw data?
61.9792 41018
68.0244 925018
71.0604 126421
79.0058 866817
96.0557 1626825
104.0011  1661710
110.0461    33192
132.0324  1330285
138.0775   412264
138.1028   229978
146.0229   934598
146.0480   188499
174.0544 26094636
180.1245   109077
188.0697   166563
216.1012 22558672
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Peak Picking
Turning the chromatogram into our first “Big List”

Source: R. Tautenhahn, C. Böttcher, S. Neumann, BMC Bioinformatics 2008, 9:504

Peak Picking
Turning the chromatogram into our first “Big List”

Source: R. Tautenhahn, C. Böttcher, S. Neumann, BMC Bioinformatics 2008, 9:504
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Peak Picking
Turning the chromatogram into our first “Big List”

1R. Tautenhahn, C. Böttcher, S. Neumann, BMC Bioinformatics 2008, 9:504; www.bioconductor.org
2http://mzmine.sourceforge.net/ 3http://www.eawag.ch/forschung/uchem/software/thermo (download & requirements)

o Several options for peak picking

o XCMS and centWave1

o mzMine (Martin can tell you more about this one)2

o For Thermo data: Formulator3

o Result is something like this (from Formulator output):

Making the “Big List” Smaller
Overview of the steps

o Blank/Control Subtraction

o Noise and “spark” removal

o Peak grouping

o Removing peaks but also…

o Providing information for identification efforts

I’ll demonstrate this here with examples 
from our data using enviMass

There are many other options!

Making the “Big List” Smaller
Background / Control subtraction

o Step 1: Upload “sample” and “blank” 

o “blank” = laboratory blank, trip blank, control sample… 

whatever you would like to subtract from the sample

Making the “Big List” Smaller
enviMass workflow in one screen shot
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Making the “Big List” Smaller
Spark removal

o Spark = electronic/measurement artefacts

o Peaks that aren’t real “peaks”

o Too short; 

o i.e. Only 1-2 “sticks”

o Too long; 

Making the “Big List” Smaller
Blank Subtraction

o Remove “all” substances in the blank sample

o Mass threshold

o Retention time threshold

o Intensity threshold

o CAREFUL

o Laboratory contaminants can also be environmental contaminants!

o It is very important to adjust the thresholds to your particular 
investigation

o If in doubt – try different combinations
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Making the “Big List” Smaller
Blank Subtraction

o Remove “all” substances in the blank sample

o Mass threshold

o Retention time threshold

o Intensity threshold

o CAREFUL

o Laboratory contaminants can also be environmental contaminants!

o It is very important to adjust the thresholds to your particular 
investigation

o If in doubt – try different combinations

Making the “Big List” Smaller
Target Screening

o Screen for substances where we have 

o Mass and formula  - and thus the isotope distribution!

o Retention time  - and thus we can define a RT range

o Make sure you define appropriate thresholds:

o Mass

o Retention time 

o Intensity

Making the “Big List” Smaller
Target Screening

o Screen for substances where we have 

o Mass and formula  - and thus the isotope distribution!

o Retention time  - and thus we can define a RT range

o Make sure you define appropriate thresholds:

o Mass

o Retention time 

o Intensity

Making the “Big List” Smaller
Target Screening (examples from ESI-)

Making the “Big List” Smaller
Target Screening (examples from ESI-)

Targets, Suspects and Non-targets

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

TARGET 
SCREENING

SUSPECT 
SCREENING

NON-TARGET
SCREENING

Candidate search
(Databases, structure generation)

Molecular formula

Confirmation and quantification with reference standards

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

SUSPECT MASS 
SCREENING

Targets found by MS screening 
should still be confirmed with 

RT and MS/MS information!
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Making the “Big List” Smaller
Results Following Target Screening (examples from ESI-)

Noise Removal and Target Search: enviMass
Average over 10 samples; Recursive Base Peak Frame Picking

enviMass 1.2: http://www.eawag.ch/forschung/uchem/software/
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Making the “Big List” Smaller
Suspect Screening – “known suspects”

o Screen for substances where we have 

o Mass and formula  - and thus the isotope distribution!

o BUT, we don’t have the retention time any more

o Thus:

o Same limits on mass

o Same limits on intensity

o Large retention time window

o E.g. enter suspects with

RT = 12.5 min 

∆RT = 12.5 min

(for a 25 min program) 

12.5

Targets, Suspects and Non-targets

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

TARGET 
SCREENING

SUSPECT 
SCREENING

NON-TARGET
SCREENING

Candidate search
(Databases, structure generation)

Molecular formula

Confirmation and quantification with reference standards

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

SUSPECT MASS 
SCREENING

Suspects found by MS screening 
need “reality-checking” and 

confirmation with RT and 
MS/MS information!

Making the “Big List” Smaller
Suspect Mass Screening – “unknown suspects”

o Screen for substances where we have 

o Mass and formula  - and thus the isotope distribution!

o BUT, we don’t have the retention time any more

o NOR do we have a structure anymore – but proceed as for suspects

o Thus:

o Same limits on mass

o Same limits on intensity

o Large retention time window

o E.g. enter suspects with

RT = 12.5 min 

∆RT = 12.5 min

(for a 25 min program) 

12.5

Targets, Suspects and Non-targets

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

TARGET 
SCREENING

SUSPECT 
SCREENING

NON-TARGET
SCREENING

Candidate search
(Databases, structure generation)

Molecular formula

Confirmation and quantification with reference standards

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

SUSPECT MASS 
SCREENING

Suspects masses identified 
in samples need to go through

a full non-target / unknown
identification!
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“Related” Suspect Screening
Example: Surfactants – Linear Alkylbenzene Sulfonates (LAS)
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LAS SPAC SPADC

DATS STAC STADC

Mass, MS, MSMS, RT, Intensity?

Nonylphenyl-ethoxy sulfonates (NPEO-SO4s)

o Great peak shape, insufficient signal for MSMS, 34S peak
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“Related” Suspect Screening

Mass, MS, MSMS, RT, Intensity?

Dialkyl tetralin-sulfonates (DATS)

o High intensity, 34S peak and distinctive MSMS (SO3, C8H7SO3)
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“Related” Suspect Screening
Mass, MS, MSMS, RT, Intensity?

Carboxly-Dialkyl tetralin-sulfonates (STACs)

o High intensity, matching masses ≠ “correct”

“Related” Suspect Screening
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Detecting “wanted” peaks
Isotopes, Adducts

o Adduct information 

o Provides confidence that the correct “M” mass is used

o Isotope information

o Provides information about elements present

o Intensity comparison => number of elements

Do your own reality checks before you jump into a non-target identification!

Detecting Isotopes and Adducts
R-Package “nontarget” (M. Loos et al., in prep.)

Non-target “peaks” => Components

o Isotopes: 13C, 15N, 18O, 34S, 37Cl,…

o Adducts: H+, Na+, K+, NH4
+ (pos), 

FA-H-, Cl-, K-2H- (neg)

o Charge: z = 1, 2 and 3
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34S in 1 sample, negative (avg. 123 detects)
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Practice Session

Background Removal, Target & Suspect Screening
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Peak Grouping – R-package “nontarget”1

Isotope pattern: screen ∆m/zisotope differences within tolerances

Methods - Grouping

1M. Loos et al. in prep.  

Adduct pattern: screen ∆m/zadduct differences within tolerancesComponents: combine isotopes and adducts to components

Homologous Series Detection
R-Package “nontarget” (M. Loos et al., in prep.)

Search for consistent mass 
differences across sample

o mzdiff = [6,60]

o RTdiff = [0,1.8]

o Min. length = 5

o Text

o With bullets

Results - Grouping
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o 797 homologous series on average for positive 

o 184 homologous series on average for negative

o Mass differences 14.02 (CH2), 44.03 (C2H4O) and 
58.04 (CH2+C2H4O) very common


