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What is Environmental Cheminformatics?
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Relative Abundance

Known
[ s ]
1 10‘00 1000 10000 100000 1 million 1 billion chemicals ... .... .... _
Suspect Chemicals 100s-1000s rw SuspeCtS
Mass Spectral Libraries ~80,000 5.8 MassBank.eu

All Open
CompTox Dashboard 882,000 3EPA m — SCienCG

|
PubChem Compound >111 million Pub©hem ReSOU rees:
1st Gen. PubChem Metabolites >2 billion @ Pub@hem
Generated Structures Millions of billions °
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Schymanski et al. (2014) DOI: 10.1021/es4044374; Vermeulen et al. (2020) DOI: 10.1126/science.aay3164
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I Open Source Workflows for NT-HRMS: Shinyscreen
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https://git-r3lab.uni.lu/eci/shinyscreen

I Mass Spectral Libraries: MassBank (Open Source & Data!)

https://massbank.eu/MassBank/ https://qithub.com/MassBank/MassBank-data/

#WIMassBank Search Contents Download Accession - MoreV

dMassBank e
High Quality Mass Spectral Database _

Search for:

‘ Basic Search ‘ Peak List

Compound Information

Compound name

Exact Mass

AND E
AND E

Formula ( e.g. C6H7N5, C5H*N5, C5*)

(4-Aminophenyl)arsonic acid; LC-ESI-QFT; MS2; CE: 75; R=17500; [M+H]+

Mass Spectrum Chemical Structure
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https://massbank.eu/MassBank/
https://github.com/MassBank/MassBank-data/

I Expert Knowledge: NORMAN Database System

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

gor

NORMAN Database System

NORMAN arganises the development and maintenance of various web-based databases for the collection & evaluation of data / information on emerging substances in the

Q SEARCH All Databases

environment

Searching for individual substance or group(s) of substances in all databases

Note: Click on a link below to go to an individual database home page

Substance Database

A merged list of NORMAN substances; Central
Database to access various lists of substances for
suspect screening and prioritisation

.— Suspect List Exchange

Central Database to access various lists of
substances for suspect screening and prioritisation

Chemical Occurrence Data

A database of geo-referenced monitoring data on
emerging substances

Antibiotic Resistance
Bacteria/Genes

A database of ARBs/ARGs in environmental
matrices

.ﬂ.

<

SARS-CoV-2 in sewage

A database with the latest information on SARS-
CoV-2 in sewage across Europe and
internationally; including a common protocol for
sample collection, storage, extraction, analysis and
data sharing fo support the development of an
international comparable data set.

Ecotoxicology

A platform for systematic collection and evaluation
of ecotoxicity studies for harmonised derivation of
environmental quality standards

3B

MassBank Europe

A database of mass spectra of emerging
substances to support identification of unknown
substances
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https://www.norman-network.com/nds/

NORMAN Suspect List Exchange (>80 lists!)

I Expert Knowledge

https://zenodo.org/communities/norman-sile

https://www.norman-network.com/nds/SLE/
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https://www.norman-network.com/nds/SLE/
https://zenodo.org/communities/norman-sle

I Our “Chemical Space” is HUGE: Pub({Chem >110 M now!

Explore Chemlstry

Quickly find chemical information from authoritative sources

Try covid-19 aspirin EGFR C9H804 57-27-2 C1=CC=C(C=C1)C=0 InChl=1S/C3H60/c1-3(2)4/h1-2H3

[:] Use Entrez

Sy [= i

Draw Structure Upload ID List Browse Data Periodic Table

11OM Compounds 27“\/] Substances 297M Bioactivities 796 Data Sources

See More Statistics » Explore Data Sources »
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I Our “Chemical Space” is HUGE: Pub({Chem >110 M now!

* PubChem Compound TOC ?

»

>

4

49,493,641

Agrochemical Information 2 3,045 —b[" Agrochemical Information ? 3,045]

Associated Disorders and Diseases E] 20,847 Agrochemical Category ? 11903
2,056,521

3,622,920
Biomolecular Interactions and Pathways |T| | 125,253

Biologic Description  ? ) .
lologic Description | £ Agrochemical Transformations ? 1,383

Biological Test Results 2
EU Pesticides Data ? 1,213

USDA Pesticide Data Program ? 579

=: CONTENTS

»

PUb@hem Furathiocarb (Compound)
)
)

7 Agrochemical Information

7.1 Agrochemical Category

» Chemical and Physical Properties ? 263,015 Insecticides

» Classification ? 1,454,824 v Use and Manufacturing 7 115,321 ] b EU Pesticides Database

» Drug and Medication Information ? 47,922 » Uses ? 27,314

» Food Additives and Ingredients ? 8,414 Consumption Patterns 2 4,168 7.2 Agrochemical Transformations @G

| ErifEL E] Formulations/Preparations ? 4,742 Furathiocarb has known environmental transformation products that include carbofuran.

» Information Sources ? 20,271,277 S60 | SWISSPEST19 | Swiss Pesticides and Metabolites from Kiefer et al 2019 | DOI:10.5281/zenodo.3544759
General Manufacturing Information ? 52,353 _

» Literature ? 1,833,941 » NORMAN Suspect List Exchange

» Names and Identifiers 7 1,275,170 Impurities | 2 870

» Patents ? 36,351,418 Methods of Manufacturing ? 6,192 7.3 EU Pesticides Data @ E

» Pharmacology and Biochemistry 2 110:628 Overview ? 1,1 79 Active Substance furathiocarb

» Related Records ? 9,224,590 Sampling Procedures  ? 579 Status Not Approved [Reg. (EC) No 1107/2009]

» Safety and Hazards ? 149,319 U.S Exporls , 1038 Categories Insecticides

» Spectral Information 2 | 480,730 https://pubchem.ncbi.nim.nih.gov/compound/
US. Imports ? 1,547 . . B .

» Structures ? 9,117,635 Furathiocarb#section=Agrochemical-Information

» Toxiclty 2 114,012 U.S. Production ? 5,500

» Use and Manufacturing ? | 115,321 Use Classification 2 63,558 U.S. National Library of Medicine

Chemical Safety ?

147,023 Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

National Center for Biotechnology Information
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https://link.springer.com/article/10.1186/s13321-016-0115-9
https://pubchem.ncbi.nlm.nih.gov/compound/Furathiocarb#section=Agrochemical-Information

I Introducing ...

~ PubChem Compound TOC ? 49,493,641

» Agrochemical Information 2 3 045

» Associated Disorders and Diseases |Z| | 20,847 |

» Biologic Description ? 2,056,521
» Biological Test Results ? 3,622,920
» Biomolecular Interactions and Pathways 2 425,253
» Chemical and Physical Properties ? 263,015

» Classification ? 1,454,824

» Drug and Medication Information 2 417,922

» Food Additives and Ingredients ? 8,414 /—//7

» Identification |E| | 4,968 |

ublCJhemLite
EXPOSOMICS

~370,000 entries “small”

» Information Sources ? 20,271,277
» Literature ? 1,833,941

» Names and Identifiers ? 1,275,170
» Patents ? 36,351,418

» Pharmacology and Biochemistry ? 110,628
» Related Records ? 9,224,590

» Safety and Hazards ? 149,319
» Spectral Information ? 480,730
» Structures ? 9,117,635
» Toxicity 2 114,012
» Use and Manufacturing 7 115,321

o cecens
m us. Nation?l Libralry Iof r\fltfedicitrje ll Il I I “ ‘ sseese
i . . _ _ National Center for Biotechnology Information ° scccee
Chemical Safety 2 147,023 Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9



https://link.springer.com/article/10.1186/s13321-016-0115-9

I Introducing ... WUb©hem Lite

EXPOSOMICS

Collapsed by InChlIKey First Block (skeleton) ~370,000 entries “small”
and by presence of annotation content
PLIb@hem Q, INncswyKICIVAHB

Compounds Substances

(6) 2

m Upload Communities
Searching chemical names and synonyms including IUPAC names and InChlKeys across the compound collection. Note that annotations text

searched. Read More... October 31,2020 [ Dataset | Open Access |
PubChemlLite for Exposomics

(® Bolton, Evan; ® Schymanski, Emma; ® Kondic, Todor; ® Thiessen, Paul; @ Zhang, Jeff

6results = Filters SORTBY “ Compound C

2,3fdihydroxy72,3fdihydrobenzoic ACid; 5,67dihydroxycyc|ohe PubChemLite is a subset of PubChem (https://pubchem.ncbi.nim.nih.gov/) selected from major

L]
‘-‘U“ES" Acid; 100459-00-5; 2,3-dihydro-2,3-dihydroxybenzoic Acid; ACM~ 22 =~ ntents page at the PubChem Classification Browser
) Database Settings ih.gov/classification/#hid=72). With this release, there is now just one
Compound CID (sort by): 3 is the former tier1 plus two new categories (Associated Disorders &

MF: C;HsOs MW: 156.14g/mol

InChlKey: INCSWYKICIYAHB-UHFFFAQYSA-N Database: [ PubChemLite 31 Oc;t2(]2[)l - ‘ is 371,663 compounds (31 Oct 2020) compiled from 10 categories:
IUPAC Name: 5,6-dihydroxycyclohexa-1,3-diene-1-carboxylic acid ' ) DrugMedicInfo, FoodRelated, Pharmacolnf ~ Info,

, Identification.

Create Date: 2004-09-16
Neutral Mass: 229.10948 Search ppm: | 5 sllapsed by InChiKey first block, reporting th

Summary Similar Structures Search Related Records CIDs. Entries that will be ignored by MetFra
b i (e.g. transition metals) have been removec
Formula: [CQH 16CINS ] les on the PubChem FTP site. The "AnnoTy| how
. (ZS,3S)—2,3—dihydroxy—2,3—di hydrobenzoic ACid,‘ 176487-06-2; (25 epjresentfed, the subsequent column (namea per categoTy) courts the
H 2,3—dihydroxybenzoate; (58,65)—5,6—dihydroxycyclohexa- 13-dien Identifiers: [ ] ories available in the next sub-category of the TOC entry.

(2S,3S)-2,3-Dihydro-2,3-dihydroxybenzoate; ...

Compound CID (sort by): 9964159 Retrieve Candidates Ui JENCEUNIEES
MF: C7Hz0: MW: 156.14g/mol

InChiKey: INCSWYKICIYAHB -WDSKDSINSA-N

IUPAC Name: (55,65)-5,6-dihydroxycyclohexa-1,3-diene-1-carboxylic acid m U.S. National lerary of Medicine

Create Date: 2006-10-25 Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

National Center for Biotechnology Information

& emma.schymanski@unilu |~

& Communities

LCSB Environmental

Cheminformatics
Group

1,084 1,170

@ views & downloads

See more details...
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https://link.springer.com/article/10.1186/s13321-016-0115-9

MetFragRL + PubChemlLite: tailor-made database + metadata

f

«IMassBank HCW Pub

High Quality Mass Spectral Database Suspec S

:"rag

@hem Lite

EXPOSOMICS

\

/

I

Candidate Score Distribution

7
Final Score ;
6 ad
. - . L = MetFrag
5.9 ' ExactSpectralSimilarity /
Nicoti .
4 4 cotine SuspectlistScore
@
E 3 ] AnnoTypeCount
2 | ® o e, Patent_Count
® 0
¢ PubMed_Count
1 W @ ® 0 0 0 0 0 0 0 0 0 0 ¢ = 5 5 o -
- ! -
= %—\q Y —_—
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

PubChemLite v0.2.0 Candidate Index

MetFrag+PubChemLite+Formula+MoNA+SusDat+Pat+Refs+Anno + hitps://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300804&dsn=Eawag

~ PubChem Compound TOC ?

49,493,641

» Agrochemical Information 2 3,045

» Associated Disorders and Diseases 7 20,847

» Biologic Description ? 2,056,521

» Biological Test Results ? 3,622,920

» Biomolecular Interactions and Pathways 2 125,253

» Chemical and Physical Properties ? 263,015

» Classification ? 1,454,824

» Drug and Medication Information 2 17,922

» Food Additives and Ingredients 2 8,414

» Identification 2 4,968

» Information Sources ? 20,271,277

» Literature ? 1,833,941

» Names and Identifiers ? 1,275,170

» Patents ? 36,351,418

» Pharmacology and Biochemistry ? 110,628

» Related Records ? 9,224,590
149,319

» Spectral Information ? 480,730

» Safety and Hazards 2

» Structures ? 9,117,635
» Toxicity ? 114,012
» Useand Manufacturing 2 115,321

Chemical Safety ? 147,023
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https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300804&dsn=Eawag

“PubChemLite for Exposomics” — Performance of Annotation

B Rank=1 P Rank=2 [ Rank=3-5 Rank>5 Missing

Full PubChem Query 22 Jan 2020 (n=1336)
Literature, Patents

PubChemLite tier1 14 Jan 2020 (n=1336)
Literature, Patents

0 20 40 60 80 100

Days ...

PubChemlLite tier1 14 Jan 2020 (n=1336)
Literature, Patents, AgroChemScore

PubChemLite tier0 12 Jun 2020 Agro (n=318)
MS/MS, Literature, Patents, AgroChemScore

Green: Annotation only. Blue: MS/MS & annotation; subset of 977 benchmark set.  All values in %

oooooo
000000

[
Pub© hem m U.S. National Library of Medicine “ Ill Ill ‘ seseee
National Center for Biotechnology Information eUUN | cecccee

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9



https://link.springer.com/article/10.1186/s13321-016-0115-9

Examples from Luxembourg ... LuxPest

THE GOVERNMENT
OF THE GRAND DUCHY OF LUXEMBOURG
Ministry of the Environment, Climate

LuxPest

and Sustainable Development

BELGIUM : M) U.S. National Library of Medicine

National Center for Biotechnology Information



I LuxPest - Overview

Sampling Extraction LC separation HRMS/MS

(1) : { 181 unique
SRl Suspect List Vtransformation
pesticides products

S69 | LUXPEST | Pesticide Screening List for
s ot
[ (A o

Y
suspects eI
pesticides suspect(s) "ﬂ;srm:gﬂ"

identification

May 28, 2020 =3

(2)

1 <

Level 1 36 pesticides at Level 2a (MoNA>0.9)

© Krier Jessy

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689

THE GOVERNMENT
OF THE GRAND DUCHY OF LUXEMBOURG
Ministry of the Environment, Climate

and Sustainable Development

Pesticide information
in four languages,
including hand-written
documents!



https://doi.org/10.21203/rs.3.rs-478324/v1
http://doi.org/10.5281/zenodo.3862689

LuxPest — Structures & CompTox
SEPA e

Upload Communities

May 28, 2020

osose ] opn s

S69 | LUXPEST | Pesticide Screening
List for Luxembourg

Krier, Jessy

Other(s)

828 733

@ views & downloads

See more details...

suspects

https://comptox.epa.gov/dashboard/chemical lists/LUXPEST

Krier et al (in review). Preprint DOI: 10.21203/rs.3.rs-478324/v1. Jessy Krier (2020) S69 | LUXPEST.

[ identifier substring search

NORMAN | Pesticide Screening List for Luxembourg

Description: A pesticide screening list for Luxembourg, compiled from multiple sources by Jessy Krier, University of Luxembourg and available on the NORMAN Suspect
List Exchange. Dataset DOI: 10.5281/zenodo.3862688.

Number of Chemicals: 386

N
)
H,N
’ \/NH
N

Amitrole
CASRN:61-82-5
DTXSID:DTXSID0020076
Mono.Mass:84.042596

Captan
CASRN:133-06-2
DTXSID:DTXSIDI020243
Mono.Mass:298.934133

N_<CI
HM '/ \ N
<

S

CHy

Atrazine
CASRN:1912-24-9
DTXSID:DTXSID9020112

Mono.Mass:215.093773

Carbofuran
CASRN:1563-66-2
DTXSID:DTXSID9020249
Mono.Mass:221.105193

0 :
HO
Benzoic acid
CASRN:65-85-0

DTXSID:DTXSID6020143
Mono.Mass:122.036779

HiC, 0
\ 4
N
i
HyC HN I
Monuron

CASRN:150-68-5
DTXSID:DTXSID0020311
Mono.Mass:198.055991

DOI: 10.5281/zeno0d0.3862689

Bifenthrin
CASRN:82657-04-3
DTXSID:DTXSID9020160

Mono.Mass:422.126042

Deltamethrin
CASRN:52918-63-5
DTXSID:DTXSID8020381
Mono.Mass:502.973169
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https://doi.org/10.21203/rs.3.rs-478324/v1
http://doi.org/10.5281/zenodo.3862689
https://comptox.epa.gov/dashboard/chemical_lists/LUXPEST

& C O 8 == https://pubchem.ncbi.nIm.nih.gov/classification/#hid=101 ks

LuxPest - Classification

Browse NORMAN Suspect List Exchange Tree
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Sampling Location with coordinates based on the
Luxembourg Reference Frame (LUREF)

[1] CHIERS - Rodange - pont a Athus
(53970 E | 67349 N)

[2] ALZETTE - Ettelbruck

(75525 E | 101226 N)

[3] SURE - amont Erpeldange

(75846 E | 103172 N)

[4] SYR = Mertert

(102033 E | 85368 N)

[5] MESS — Noertzange

(71037 E | 64310 N)

[6] MAMER - amont confluent Alzette & Mersch
(75353 E | 90030 N)

[7]1 EISCH — Mersch

(75506 E | 90625 N)

[8] ATTERT - aval Colmar-Berg
(74540 E | 97473 N)

[9] ALZETTE - amont Mersch-Berschbach
(75683 E | 90287 N)

[10] Our amont Wallendorf Pont
(88368 E | 104769 N)

[11] Ernz Blanche Reisdorf

(87507 E | 103 580 N)

[12] Ernz Noire Grundhof

(91609 E | 99518 N)

[13] Gander Emerange

(88908 E | 61505 N)

: Sampling site

Figure 1. Sampling Ioca'tilons and their respective coordinates. Sampling locations 1-4 were sampled from 2019 to
2020, sampling locations 5-9 were sampled only in 2019, and sampling locations 10-13 were sampled only in 2020.

Map generated using htips://www.geoportail.lu/en/ . © MapTiler © OpenStreetMap contributors

- 2019

- 2020

- 2019&2020
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Singh_etal_LuxPharma_08052021.pdf (1.53 MB) o i

Occurrence and Distribution of Pharmaceuticals and their Transformation Products

in Luxembourgish Surface Waters
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Download (1.53 MB) Export as PDF Share Embed
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Singh, Adelene Lai, Jessy Krier, Todor Kondic, Philippe Diderich, Emma Schymanski

3
e
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B oz

This pre-print describes the analysis of pharmaceuticals and their transformation products

: _ _ ChemRxiv

in surface water samples collected in Luxembourg from 2019 to 2020. Details of the

experimental and computational tools and workflows used are fully described in the

manuscript. Links to the suspect lists, codes used, and data files are also provided. CATEGORIES
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https://chemrxiv.org/articles/preprint/Occurrence and Distribution of Pharmaceuticals and . I
their Transformation Products in Luxembourgish Surface Waters/14564301 l"“ “
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RETROSPECTIVE NON-TARGET ANALYSIS TO SUPPORT REGULATORY WATER MONITORING: FROM MASSES OF INTEREST
TO RECOMMENDATIONS VIA IN SILICO WORKFLOWS

Adelene Lai, Randolph R. Singh, Lubomira Kovalova, Oliver Jaeggi, Todor Kondic, Emma L. Schymanski
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<[> MANUSCRIPT (PREPRINT)

The manuscript of the paper is
available here.

<[> DATA

The data is available here

<[> SOURCE CODE

The source code is available here.

Lai et al (2021). DOI: 10.1186/s12302-021-00475-1. Frozen page: https://r3lab.uni.lu/frozen/40ss-ft75
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Thank you!

Fund

/emma.schymanski@uni.lu and @ESChymanski\
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