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Non-target Screening for Holistic Chemical Monitoring
and Compound Discovery:
Open Science, Real-time and Retrospective Approaches
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What chemicals are out there? What to monitor?
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Numbers from Hollender, Schymanski, Singer & Ferguson, 2018, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184
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Hollender, Schymanski, Singer & Ferguson, 2018, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184
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lu' MassBank.eu

http://massbank.eu/MassBank

O MassBank.EU was founded late 2012, hosted at UFZ, Leipzig, Germany

o >16,000 MS/MS spectra; 1,200 substances from NORMAN members

o MassBank now has >46,000 spectra from 32 contributing institutes!

o Thorough Github-based modernization in progress for traceability:

MassBank-data validation status

o Tentative/lunknown/literature spectra on massbank.eu (not massbank.jp)
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Triazole

v

Fungicide )a

Uptake _ Blolransformatmn.

Imidazole r
Fungicide

—

_,.-'"\!?

r‘&

Il Ho

N

R

N AUTHORS: A. Roesch,

CATE: 2016.01.07
AUTHORS: A. Roesch, E. Schymanski, J. Hollender, Department of
Elimination LICENSE: CC BY
— COBYRIGHT: Copyright (C) 2015 Eawag, Duebendorf, Switzerland
BCCESSION: ET22060 PUBLICATION: Roesch A, Anliker 5, Hollender J, How Biotransfon

'l /"\.,,// RECORD_TITLE: EP MTOMMENT: COMEFIDEMCE Parent Substance (Level 1)

- )
DATE: 2016.03.01 “EruurNT: INTERNAL 1D 2200

LICENSE: CC BY
COPYRIGHT: Copyright (C) 2015 Eawag, Duebendorf, Switzerland
PUBLICATION: Roesch A, Anliker S, Hollepnder J, How Biotransformation Influences Toxicokinetics of A

COMMENT: CONFIDENCE Probable structure wvia diagnostic evidence, tentative identification (Level 2b)
COMMENT: INTERNAL ID Z:Z06
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https://github.com/MassBank/MassBank-data; https://github.com/MassBank/MassBank-web/; Rdsch et al DOI 10.1021/acs.est.5b05186



https://github.com/MassBank/MassBank-data
https://github.com/MassBank/MassBank-web/
http://pubs.acs.org/doi/abs/10.1021/acs.est.5b05186
http://massbank.eu/MassBank

Creating High-Quality Mass Spectra \ R|M\as|s,Ban|<

LevelCode LevelKeyword COMMENT.CONFIDENCE

2 probable Probable structure, tentative identification (Level 2)

2a probableLibrary Probable structure via library match, tentative identification (Level 2a)

2b probableDiagnostic Probable structure via diagnostic evidence, tentative identification (Level 2b)|
3 tentative Tentative identification only (Level 3)

3a tentativeStructure Tentative identification: most likely structure (Level 3)

3b tentativelsomer  Tentative identification: isomers possible (Level 3)

3¢ tentat?veTFClass Tentat?ve ?dentiﬁcatian: substance class known (Level 3) on I i ne resources:
3d tentativeBestMatch Tentative identification: best match only (Level 3)
CTS, CACTUS

4 formula Tentative identification: molecular formula only (Level 4)

N

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

go"

/ M' MassBank.eu

s " 16,004 (61 %*) MS/MS spectra

https://github.com/MassBank/RMassBank/ 1,269 (18 %*) substances
http://bioconductor.org/packages/RMassBank/ *0p of all open LC-MS/MS data s

after
recalibration

before
recalibration

L

& ppm

1%5-10 -5 0 5 10 15
15 -10 -5 0 5 10 15

Stravs, Schymanski, Singer and Hollender, 2013, Journal of Mass Spectrometry, 48, 89-99. DOI: 10.1002/jms.3131



https://onlinelibrary.wiley.com/doi/abs/10.1002/jms.3131
https://github.com/MassBank/RMassBank/
http://bioconductor.org/packages/RMassBank/

Confidence Levels for Tentative Structures

o Annotation is the key to communicating information

Example Identification confidence Minimum data requirements
i CH N)\N ==
S( BB GPA Level 2: Probable structure
e a) by library spectrum match MS, MS?, Library MS?
b) by diagnostic evidence MS, MS?, Exp. data
i'"'_'ﬁ"'s?;s'c"r
1 0—S—0H 1
I m+n=6 |
1 1
1 1
I o :
i « | L Level 3: Tentative candidate(s) , q
"I.'-?-'-'--'-'-?-'-'--'.I" structure, substituent, class MS, MS?, Exp. data
: H:\éle, OHBT :
pe)
I A
L S _—
E--C:-,I-I-f,l-\l;(-):-i Level 4: Unequivocal molecular formula  MS isotope/adduct
Ry — ! :
1 192.0757 :{ Level 5: Exact mass of interest MS

Schymanski, Jeon, Gulde, Fenner, Ruff, Singer & Hollender (2014) ES&T, 48 (4), 2097-2098. DOI: 10.1021/es5002105
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NORMAN Suspect List Exchange | 4 Messerke [T I8 SE0A g .

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

Emma Louise Schymanski
added an update

= NormaNEWS: retrospective screening of emerging e
= contaminants o i
" More news: one of our favourite examples, the NORMAN Network's pilot trial for global lowacka,

SN retrospective screening of emerging contaminants has just been accepted in ES&T - full —
wmme: 115t ON the NORMAN Suspect Exchange and the CompTox Dashboard.

"™ https://pubs.acs. orqfdm!pdfﬂ 0.1021 }ac:s est. abODSEuS .

See interactive version. Compiled by Reza Aallzadeh
University of Athens, including RTI and toxicity values,
support by Nikiforos Alygizakis, EI. Work in progress ...
please report any issues!

h MassBank C8V, XLsX with Fragments (3/10/2017) |MassBankEUInChlKeys (11/04 www.massbank.eu
CompTox MassBank EU Reference List /2017) Stravs et al. 2013.

3 DOI: 10.1002/jms.3131
CompTox MassBank EU Special Cases

Log in Interactive Data table (updatmg )

CompTox Fragment Download

JT database of STOFF-IDENT Contents (6/09/2017) STOFF-IDENT InChiKeys The database enables the search for exact masses
‘water—relevant substances CompTox STOFF-IDENT List (6/09/2017) from target or unknown lists and the automatic use of a
Eetection Tione lodex Ses hittns fwwaelfu havern de
NormaNEWS for retrospective screening |NormaNEWS CSV, XLSX (3/10/2017) NormaNEWS InChiKeys NormaNEWS list provided by Nikiforos Alygizakis,

of new emerging contaminants lQompTox NORMANEWS List J (8/05/2017) Saer Samanipour and Kevin Thomas

Schymanski, Aalizadeh et al. in prep; https://www.researchgate.net/project/Supporting-Mass-Spectrometry-Through-Cheminformatics
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o

NORMAN Suspect Exchange Lists SUSDECts

o Now 21 lists available online ... from small to large!
o Specialist collections (e.g. NormaNEWS) to market lists
* Integrated into the CompTox Chemistry Dashboard
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Chemistry
Dashboard

Mo 1 United States
A Environmental Protection
\’ Agency

Chemistry Dashboard

@ a https://comptox.epa.gov/dashboard/chemical_lists

Home

Advanced Search

& Q Search
A
Batch Search Lists

Predictions Downloads

Number of
List Hame Chemicals M List Description
N\
SUSDAT The NORMAN Metwork Suspect 39385 Merged NMORMAM Suspect List “SusDat” from the NORMAN Suspect Exchange.
Screening List .
http://www.norman-network.com/datatable/ )
CERAPP: Collaborative Estrogen Receptor 32280 CERAPP uses predictive computational models trained on HTS data to evaluate thousands of chemicals for ER-related activity.
Activity Prediction Project
KEMI List of Substances on the Market 30418 The KEMI Market List contains chemicals expected to be on the market. Complied by Stellan Fischer, KEMI (Swedish Chemicals
Agency) from various regulatory databases, including hazard and exposure scores to support the identification of unknowns.
TOX21SL: Tox21 Screening Library 8947 TOX21SL is list of unique substances in Tox21 multi-federal agency screening library, contributed by the EPA, National
Toxicology Program (NTP), and National Center for Advances in Translational Science (NCATS).
N\
STOFF-IDENT Database of Water-Relevant 8885 STOFF-IDENT is a database of water relevant substances collated from various sources within the STOFF-IDENT and FOR-
Substances IDENT projects, hosted by LU, HSWT and TUM. The database at hitps:dfwww.Ifu. bayern.de/stofident®/home has additional
functionali...
J
TOXCAST - EPA ToxCast Screening Library 4746 TOXCAST is the complete list of chemicals having undergone some level of screening in EPA's ToxCast research program
since 2007 (last updated 4/11/2017); sublists included.
TOXCAST_Phaselll - EPA ToxCast 4584 TOXCAST_Phaselll is the full set of chemicals available for screening in Phase |Il of the ToxCast program, consisting of the

Screening Library (Phase Il Subset)

majority of chemicals screened in Phase Il and newly added ph3 chemicals.

mzCloud mass spectral database

EU Cosmetic Ingredients Inventory
(Combined 2000/2006)

mzCloud is a state ofthe art mass spectral database that assists analysts in identifying compounds in areas such as life
sciences, metabolomics, pharmaceutical research, toxicology, forensic investigations and environmental analysis.

EUCOSMETICS contains the Combined Inventary of Ingredients Employed in Cosmetic Products (2000, SCCNFP/0389/00
Final) and Revised Inventory (2006, Decision 2006/257/EC), prepared for NORMAM by P von der Ohe (UBA) and R. Aalizadeh
(Uni. Athens).

TOXCAST_ph3 - EPA ToxCast Screening 2678 TOXCAST_ph3 is the ph3 subset of TOXCAST, added to the most recent Phase Il of the ToxCast program to further increase
Library (ph3 subset) chemical diversity and coverage of chemicals of concern to EPA programs.
Morman MNetwork PFAS (KEMI Report) 2370 Perfluorinated substances from a Swedish Chemicals Agency Report (provided by Stellan Fischer) on the occurrence and use

of highly fluorinated substances.

https://comptox.epa.gov/dashboard/chemical lists/ ... new lists are released all the time!
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<) ...All Combined in MetFrag

SEPA|
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https://msbi.ipb-halle.de/MetFragBeta/
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https://msbi.ipb-halle.de/MetFragBeta/ AND https://comptox.epa.gov/dashboard/dsstoxdb/batch_search (MetFrag Export)
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7 ...All Combined in MetFrag
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Nicotine

Phenylpiperazine

N'-(2,4-
Dimethylphenyl)-
N-methylformamidin
a

Bz3)4)s)eliz]lefiajia0] [ [l =]

DTXSID1020930

DTXSID8021725 *
DTXSID3048154
DTXSID0046351
DTXSID8020931
DTXSID00657553
DTXSID5075319 .

InChlKeyBlock1 =

162.11576

SNICXCGAKADSCY

DTXSID40W76612 ~
DTXSID40183102
DTXSID90286632
DTXSID50298046

DTXSID502

W

InChlKeyBlock1 =
YZTJYBJCZXZGCT

DTXSID1037696

DTXSID10199510

InChiKeyBlock1 =
JIOLEGNERQDIP

162.11

Mass

Formula

Normalized Scores

Q[:h

NS Peaks: 18 /23

D
'\9' | Fragments

C1oH14N2 '*,‘-b 4.3349 [
Scores

B |

w
X
© = — T
0.0 0.2 0.4 0.6 0.8 1.0 /

Nicotine
CN1CCC[C@H]1C1=CN=CC=C1
DTXSID1020930| SNICXCGAKADSCV
54-11-5 | 162.1157| 0.929| 72
Tox: yes| Expo: yes| Bioassay: yes

LEGEND: Name, SMILES
DTXSID | InChiKey 1% Block

CAS | Monoiso. Mass | logP | Sources
Data on: Toxicity | Exposure | Bioassays

D-Nicotine N o
CN1CCC[C@ @H]1C1=CN=CC=C1 = |
DTXSID0046351| SNICXCGAKADSCY o | N

25162-00-9 | 162.1157| 0.929| 20
Tox: no| Expo: yes| Bioassay: yes
N\ ke

Nicotine hydrochloride

N I o, oH
=
oH
St

Benzoic acid, 2-hydroxy-, compd. with

3-[(25)-1-methyl-2-pyrrolidinyl]pyridine (1:1)
0C(=0)C1=C(0)C=CC=C1.CNI1CCC[C@H]1C1=CN=CC=C1

DTXSID5075319| AIBWPBUAKCMEKNS
29790-52-1| 300.1474| 0.929| 6
Tox: no| Expo: yes| Bioassay: no

Cl.CN1CCC[C@H]1C1=CN=CC=C1
DTXSID6020931| HDJBTCAJIMNXEW
2820-51-1 | 198.0924 | 0.929| 9

MS-ready

DL-Nicotine Tox: no| Expo: yes| Bioassay: yes
CN1CCCC1C1=CN=CC=C1 "'--——._..____________-_—__
DTXSID3048154 | SNICXCGAKADSCY
22083-74-5 | 162.1157] 0.953| 9 2y
Tox: yes| Expo: no| Bioassay: yes N

2

Wy

DL-Nicotine-d3
[2H]C([2H]){[2H])N1CCCCICI=CN=CC=C1 ~
DTXSID80442666| SNICXCGAKADSCY |
69980-24-1] 165.1345] 0.929| 1
Tox: no| Expo: no| Bioassay: no

=N

<t [ 2
ﬁ S I

i 1

Example from: Schymanski & Williams, 2017, ES&T, 51 (10), pp 5357-5359. DOI: 10.1021/acs.est.7b01908
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o Part 2: Real-Time and Retrospective Screening
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Hollender, Schymanski, Singer & Ferguson, 2018, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184
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Real-time Monitoring of the Rhine River fawag

Previously unknown chemicals detected due to “stand-out” patterns
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Hollender, Schymanski, Singer & Ferguson, 2018, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184
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Real-time Monitoring of the Rhine River
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-
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2
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Il Show Analogs 4 4 7 173.11400 5976280.00000 140 G1,

Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7; Wang et al 2016 Nature Biotechnology, DOI: 10.1038/nbt.3597
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Alygizakis et al. 2018 ES&T, DOI: 10.1021/acs.est.8b00365. https://comptox.epa.gov/dashboard/chemical_lists/normanews
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NORMAN Digital Sample Freezing Platform

“Live” retrospective screening of known and unknown
chemicals in European samples (various matrices)
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Aligizakis et al, in prep.
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