1314 Oct;(I)ozeg Luxembourg National

Fund

Data Science and
Environmental Cheminformatics

environmental high resolution
sample mass spectrometry and toxic effects

identify chemicals

environment cheminformatics

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

Plus ECI-LSCB, NORMAN, PubChem, IPB, Eawag, UFZ and many other
colleagues who contributed to our science over the years!
Talk available under DOI: 10.5281/zenodo.4075013 il

oooooooooooo SITE DU 1

oooooo LUXEMBOURG

SanDAL Data Science Workshop, October 13-14, 2020, Belval Campus



mailto:emma.schymanski@uni.lu
https://doi.org/10.5281/zenodo.4075013

Luxembourg National
Fund

U.S. National Library of Medicine

National Center for Biotechnology Information

(Pub©hem\

-
PO |
g

i
Lemmmmea

*o0 0 00
(N N N N N ]
(I Mol N N
(N NFall N X
N ELE X N

So=a " Ra
TS SUENCERIMPACT
THE GOVERNMENT

1S

OF THE GRAND DUCHY OF LUXEMBOURG

Ministry of the Environment, Climate
and Sustainable Development

gim

NAA and Water - [lUPA

ETH:zurich

WIKIDATA

% Maastricht University

l UNIVERSITAT

U N IVE RS I TAT Research Institute
ROVIRA i VIRGILI w for Pesticides

€39\ FRIEDRICH-SCHILLER-
5} UNIVERSITAT
>/ JENA

EIM ﬁ

Source: https://en.wikipedia.org/wiki/File:EU-Luxembourg.svg

UNIVERSITY OF AMSTERDAM /57 pata sources
X

Explore Data Sources y

UFZ
5. MassBank.eu 3EPA

Kanton Zurich
Baudirektion
Amt fiir Abfall, Wasser, Energie und Luft

Gewasserschutz

\§

rm eawagooo

N .
aquatic research

oooooo

------

KEMI

Kemikalieinspektionen

(Osaluti*ns

@2 COLUMBIA

MAILMAN SCHOOL
OF PUBLIC HEALTH

National and Kapodistrian
UNIVERSITY OF ATHENS

MEDIZINISCHE

UNIVERSITY OF
COPENHAGEN . UNIVERSITAT
INNSBRUCK



https://en.wikipedia.org/wiki/File:EU-Luxembourg.svg

Example: NORMAN Collaborative Trial 2015
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Example: ELIXIR (https://elixir-europe.org/)
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Our (Community) Challenge: Identifying Chemicals

RT: 0.00 - 24.51

High resolution 100~
mass spectrometry
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Known
Sample
1 10 100 1000 10000 100000 1 million 1 billion chemicals é . é . é .

Schymanski et al. (2014) DOI: 10.1021/es4044374; Vermeulen et al. (2020) DOI: 10.1126/science.aay3164
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Our Context ( nvErposemhe caseo

At its most complete, the exposome
encompasses life-course environmental
exposures (including lifestyle factors),
from the prenatal period onwards.

Christopher P. Wild, 2005.
DOI: 10.1158/1055-9965.EPI-05-0456

Image c/o uni.lu (LCSB); modified from Vermeulen et al (2020) Science. DOI: 10.1126/science.aay3164



http://science.sciencemag.org/content/367/6476/392
https://doi.org/10.1158%2F1055-9965.EPI-05-0456

Our Aim: Generating Insight from Measurements

Analytical methods

Data interpretation
Hypothesis generation

Jinsight
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Mod. From Fig. 2, Sevin et al 2015, Current Opinion in Biotechnology. DOI: 10.1016/j.copbio.2014.10.001
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General Scheme(s) of Mass Spectrometry
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Top: chemwiki.ucdavis.edu. Bottom H. Rdst & M. Steiner. Own work. https://commons.wikimedia.org/w/index.php?curid=11640370
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Mass Spectra are our
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https://metabolomics-usi.ucsd.edu/spectrum/?usi=mzspec:MASSBANK::accession:EQ300803
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From Sample to Numbers (Masses) to Molecules

o ldentification = turning numbers into structures
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How to measure? LC vs GC?
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Brack et al 2016. DOI: 10.1016/j.scitotenv.2015.11.102



http://dx.doi.org/10.1016/j.scitotenv.2015.11.102

How to measure? lonisation

16

Singh, RR et al (2020) DOI: 10.1007/s00216-020-02716-3 ; Ulrich, EM et al (2019) DOI: 10.1007/s00216-018-1435-6
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How to measure? Widely Varying Concentrations
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Rappaport et al (2014) Environmental Health Perspectives. DOI: 10.1289/ehp.1308015
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Our challenge? We have ma
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(I) Data from Schymanski et al 2014, ES&T DOI: 10.1021/es4044374. (r) E. coli data provided by N. Zamboni, IMSB, ETH Zdrich.
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What we measure (in dust): LC vs GC rm
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What we measure in biota/water/sediment

Retrospective screening of REACH chemicals in
Black Sea samples (various matrices)
Occurrence Results
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Emerging contaminants in different countries
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Alygizakis NA et al (2018) DOI: 10.1021/acs.est.8b00365 and DOI: 10.5281/zenodo0.2623815
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NORMAN Digital Sample Freezing Platform
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Historical Contamination in Lake Sediments gawag
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Micropollutant Time Trends In

Riverbank Filtration Systems
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Target vs Non-target

éawag

aquatic research
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Our Aim: Generating Insight from Measurements

Analytical methods

Automated spectral data]

Data interpretation
Hypothesis generation

‘insight
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Mod. From Fig. 2, Sevin et al 2015, Current Opinion in Biotechnology. DOI: 10.1016/j.copbio.2014.10.001
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Non-target Identification: Where to start?
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Targets, Non-targets and Isotopes (ESI-) by Intensity
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Non-target Identification: Where to start?
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p
MS/MS Extraction
(RMassBank)
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Non-target identification
(MetFrag)

Centroid Scan Start Scan Start RT  End Scan  End RT Chrom.
m/z Intensity Peak S/N  Number RT (min.) Number (min.) Number (min.) S/N
169.8336 3325231 5329.19 134 093 79 0.55 646 4.55 0.991
299.095 3170282 4921.75 1149 8.13 595 4.18 1597 11.31 0.973
365.1626 3203921 4917.57 2094 14.86 2017 14.31 2200 15.61 0.986
163.04 2891540 4754.39 792 5.58 79 0.55 3514 2495 0.985
132.8678 3211435 4736.29 148 1.03 79 0.55 3514 24.95 0.938
309.1519 2837347 4531.15 2493 17.69 2233 15.84 2857 20.27 0.956
134.8651 3063484 4518.08 148 1.03 79 0.55 3514 2495 0.951
234.7607 2748982 4266.01 155 1.08 79 0.55 415 292 0.994
311.095 2770672 4249.3 1114 7.88 763 5.37 1513 10.7 0.961
293.1747 2720875 422098 1688 11.95 1030 7.28 2185 15.5 0.988
257.0483 2577542 4130.58 750 5.28 316 221 1366 9.67 0.988
(T74.0557 2507792 4073.03 155 T.08 78 0.55 514 7205 0.

213.9636 2352410 3890.96 645 4.54 631 4.44 778 5.48 0.995

\162.3364 2376150 3202 14 134 093 79 0.55 1381 978 09
297.0798 2561181 3789.71 1170 8.27 679 4.78 1288 9.12 0.964
201.113 2299642 3706.57 1128 7.98 442 3.11 1696 12.01 0.984
310.1024 2335010 3645.29 1310 9.27 1288 9.12 1624 115 0.983
241.0716 2141622 3536.71 2514 17.84 1813 12.84 3514 2495 0.855
374.1311 2580159 3382.28 771 5.43 5 898 6.34 0.991

Gather
Experimental
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Grouping Adducts and Isotopes
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Gathering Evidence for Identification | @

Determining the molecular mass and elements, adducts present nentarget
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M. Loos, et al. 2015, DOI:
10.1021/acs.analchem.5b00941
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Gathering Evidence for Identification I

Detecting the presence of elements with enviPat and nontarget
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Detecting Isotope Signals in Samples
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Peak Grouping in Workflows

This can be done automatically with nontarget / enviMass (and others)

m.Z
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Non-target Identification: Where to start?
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Centroid Scan Start Scan Start RT  End Scan  End RT Chrom.
m/z Intensity Peak S/N  Number RT (min.) Number (min.) Number (min.) S/N
169.8336 3325231 5329.19 134 093 79 0.55 646 4.55 0.991
299.095 3170282 4921.75 1149 8.13 595 4.18 1597 11.31 0.973
365.1626 3203921 4917.57 2094 14.86 2017 14.31 2200 15.61 0.986
163.04 2891540 4754.39 792 5.58 79 0.55 3514 2495 0.985
132.8678 3211435 4736.29 148 1.03 79 0.55 3514 24.95 0.938
309.1519 2837347 4531.15 2493 17.69 2233 15.84 2857 20.27 0.956
134.8651 3063484 4518.08 148 1.03 79 0.55 3514 2495 0.951
234.7607 2748982 4266.01 155 1.08 79 0.55 415 292 0.994
311.095 2770672 4249.3 1114 7.88 763 5.37 1513 10.7 0.961
293.1747 2720875 422098 1688 11.95 1030 7.28 2185 15.5 0.988
257.0483 2577542 4130.58 750 5.28 316 221 1366 9.67 0.988
(T74.0557 2507792 4073.03 155 T.08 78 0.55 514 7205 0.

213.9636 2352410 3890.96 645 4.54 631 4.44 778 5.48 0.995

\162.3364 2376150 3202 14 134 093 79 0.55 1381 978 09
297.0798 2561181 3789.71 1170 8.27 679 4.78 1288 9.12 0.964
201.113 2299642 3706.57 1128 7.98 442 3.11 1696 12.01 0.984
310.1024 2335010 3645.29 1310 9.27 1288 9.12 1624 115 0.983
241.0716 2141622 3536.71 2514 17.84 1813 12.84 3514 2495 0.855
374.1311 2580159 3382.28 771 5.43 709 5 898 6.34 0.991
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Targets, Non-targets and Isotopes (ESI-)
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MS2: Extracting Mass Spectra | \ R|M‘a|s|s|Bank

online resources:
CTS, CACTUS

Automatic MS and MS/MS Spectral Annotation with
Recalibration and Clean-up - Experimental Details
Remove interfering peaks - Compound Information

after
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before
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https://qgithub.com/MassBank/RMassBank/ w "’ MGSS BG nk-eu

http://bioconductor.org/packages/RMassBank/
Stravs, Schymanski, Singer and Hollender, 2013,
Journal of Mass Spectrometry, 48, 891 99. DOI: 10.1002/jms.3131
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MS2: Extracting Mass Spectra |l

https://qit-r3lab.uni.lu/eci/shinyscreen
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Non-target Identification: Next Step: Candidates!

Centroid Scan Start Scan Start RT End Scan  End RT Chrom.
m/z Intensity Peak S/N  Number RT (min.) Number (min.) Number (min.) S/N
169.8336 3325231 5329.19 134 0.93 79 0.55 646 4,55 0.991
299.095 3170282 492175 1149 8.13 595 218 1597 11.31 0.973
0 365.1626 3203921 4917.57 2094 14.86 2017 1431 2200 15.61 0.986
Ve ~ Ve 163.04 2891540 4754.39 792 5.58 79 0.55 3514 24.95 0.985
. . e . 132.8678 3211435 4736.29 148 1.03 79 0.55 3514 24.95 0.938
Com ponentlzatlon Pr|0r|t|zat|0n 309.1519 2837347 4531.15 2493 17.69 2233 15.84 2857 2027 0956
e B 134.8651 3063484 4518.08 148 1.03 79 0.55 3514 24.95 0.951
(nontarg et) (e nvi M aSS) 2347607 2748982  4266.01 155 1.08 79 055 415 292 0.994
) \_ 311.095 2770672 42493 1114 7.88 763 5.37 1513 10.7 0.961
2931747 2720875 422098 1688 11.95 1030 7.28 2185 15.5 0.988
0 0 257.0483 2577542 4130.58 750 5.28 316 221 1366 9.67 0.988
/ \ e (T720.0557 2507702  20/5.03 TS5 T.08 78 0.55 3513 75,05 0.
H 213.9636 2352410 3890.96 645 4.54 631 4.44 778 5.48 0.995
e Masses Of IntereSt \ ﬁiﬁiﬁé 2376150 m1d 134 093 79 ) 55 1381 Q78 09
M OIeCU I ar fo rmu Ia N 297.0798 2561181 3789.71 1170 8.27 679 4.78 1288 9.12 0.964
0 201.113 2299642 3706.57 1128 7.9 442 3.11 1696 12.01 0.984
determlnatlon Ve ~N 310.1024 2335010 3645.29 1310 9. 1288 9.12 1624 11.5 0.983
. 241.0716 2141622 3536.71 2514 12.84 3514 24.95 0.855
(e nVi Pat Gen Form) o MS/MS EXtraCtlon 3741311 2580159 3382.28 771 . 5 898 6.34 0.991
\_ )L (RMassBank)
~
Non-target identification
(MetFrag) MS1: MS/MS:
/') 213.9637 1168637.0 [M-H]- 134.0054 339689.4
214.9630 14790.0 M+1/15N 150.0001 77271.2
214.9670 94077.2 M+1/13C 213.9607 632466.8
215.9595 104643.6 M+2/34S
215.9679 7060.2 M+2/13C

/




Our Aim: Generating Insight from Measurements

Analytical methods

Data interpretation
Hypothesis generation

‘insight
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Mod. From Fig. 2, Sevin et al 2015, Current Opinion in Biotechnology. DOI: 10.1016/j.copbio.2014.10.001
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Our (Community) Challenge: Identifying Chemicals
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Chemicals
Mass Spectral Libraries ~80,000 5. MassBank.eu

CompTox Dashboard 882,000 \“"IEPA m
PubChem Compound >111 million Pub@hem

1st Gen. PubChem Metabolites >2 billion @ Pub@hem
Generated Structures Millions of billions

Schymanski et al. (2014) DOI: 10.1021/es4044374; Vermeulen et al. (2020) DOI: 10.1126/science.aay3164
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Our Toolkit: NORMAN-SLE: Capturing Expert Knowledge

NORMAN WEBSITE NORMAN DATABASE SYSTEM HOME LOGIN

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

NORMAN SUBSTANCE DATABASE

> 73 lists

NORMAN Suspect List Exchange - NORMAN SLE
> 144,980 substances

The NORMAN Suspect List Exchange (NORMAN-SLE) was establi in 2015 as a central access point for NORMAN members (and others) to find suspect lists relevant for their environmental monitoring

question. This Exchange documents all individual collections that form a pa RMAN SusDat, the Nﬂ@ﬂli}t{jﬂﬁfﬁwmab%e (DOI: 10.5281/zenod0‘266§ﬁ,] al | h | g h Iy
1

If you have any feedback or a list that you would like to have included, please contact suspe mandata.eu . . .
specialized lists

UPDATE: June 2020: New SusDat version, plus new Transformations Tables and NORMAN-SLE ClaSs&igation Tree in PubChem!

NOTE: All our collections now have DOIls in Zenodo: https://zenodo.org/communities/norman-sle - please cite individual ions using the dataset DOI as well as additional r*erences given — this helps us track
the contribution of our efforts and acknowledge the contributing authors! You can also access NORMAN SLE on PubChem, with a 'ficatfm Tree, plus as lists on the CompTox Chemicals Dashboard. \

Credits: Coordination: Emma Schymanski, Luxembourg Centre for Systems Biomedicine; Curation/RTl/toxicity: Reza Aalizadeh & Nikolaos Thomaidis, University of Athens; Nikiforos Alygizakis, Environmental

Institute; CompTox integration: Antony Williams, US EPA; PubChem integration: Evan Bolton, Jian (Jeff) Zhang, Paul Thiessen and the PubChem team; IT: Lubos Cirka, Environmental Institute; Webmaster: Natalia
Glowacka, Environmental Institute; CoWtributors: see below.

Large, merged / market lists

Intermediate lists / specialised collections
\
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