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A. Chemical Analysis

FAIR/Open Data and
Non-target Screening Approaches
for Millions of Chemicals

screening

Assoc. Prof. Dr. Emma L. Schymanski -
(plus many, many colleagues and collaborators!) 10.1126/sclence,oay6636

Environmental Cheminformatics Group,

Luxembourg Centre for Systems Biomedicine, University of Luxembourg
Email: emma.schymanski@uni.lu and @ESchymanski
https://wwwen.uni.lu/lcsb/research/environmental cheminformatics/

ACS “Grand Challenges” Webinar, 17 May 2023 Slides available at DOI:
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I FAIR and Open Science

https://doi.org/10.1038/s44221-022-00014-z

Water science must be OpenScience

-

Emma L. Schymanski & Stanislaus J. Schymanski e b

Since water isacommon good, the outcome of Open

water-related research should be accessible to sk access

everyone. Since Open Science is more than just publication Managed

open access research articles, journals must S s

work with the research community to enable sl Science

fully open and FAIR science software Open FAIR Open
| reproducible data data

research

Ejable I \ccessible nteroperable :%eusable
O S e
/ 'OO '. ’ Fig.1| The many elements of Open Science.

[ ]
https://commons.wikimedia.org/wiki/File:FAIR data principles.jpg “ IlLI“ ‘ eelcss
Schymanski & Schymanski (2023) Nature Water. DOI: 10.1038/s44221-022-00014-z b seeeee
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Environmental Cheminformatics & Non-target HR-MS

High resolution
mass spectrometry

AND connecting
chemical knowledge
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http://pubs.acs.org/doi/abs/10.1021/es4044374

I Non-target High Resolution Mass Spectrometry (NT-HRMS)
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Modified from: Hollender, Schymanski et al. 2018, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184



https://pubs.acs.org/doi/10.1021/acs.est.7b02184

Open Source Workflows for NT-HRMS: patRoon

Software ‘ Open Access ‘ Published: 06 January 2021

patRoon: open source software pl

Rick Helmus & Thomas L. ter Laak, Annemarie P. van Wezel, Pim

environmental mass spectrometry based non-target

screening Journal of Cheminformatics 13, Article number: 1 (2021) | Cite this article

atform for

de Voogt & Emma L. Schymanski
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patRoon 2.0: Improved non-target analysis workflows
including automated transformation product screening

Rick Helmus!Y, Bas van de Velde'?®, Andrea M. Brunner?*, Thomas L.
ter Laak'?, Annemarie P. van Wezel', and Emma L. Schymanski®

Processing & Prioritization Annotation
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Data acquisition &
pre-treatment

Chromatographic peak
detection & cross-analysis

grouping

Rule-basedfiltering,
componentization &
prioritization

Chemical formula &
compound annotation

Helmus et al. (2022) patRoon 2.0 J. Open Source Software, DOI: 10.21105/joss.04029

Helmus et al. (2021) patRoon. J. Cheminformatics.

DOI: 10.1186/s13321-020-00477-w

UNIVERSITY OF AMSTERDAM “l"l“ ‘
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https://rickhelmus.github.io/patRoon/

Mass Spectral Libraries: MassBank (Open Source & Data!)
https://qithub.com/MassBank/MassBank-data/

https://massbank.eu/MassBank/

WiMassBank  Search  Contents  Download  Accession - More ¥

WIMassBank | EEESEE

Search for: (4-Aminophenyl)arsonic acid; LC-ESI-QFT; MS2; CE: 75; R=17500; [M+H]+
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https://massbank.eu/MassBank/
https://github.com/MassBank/MassBank-data/

I Gathering Expert Knowledge: NORMAN-SLE

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

o

RESEARCH Open Access

NORMAN Database System The NORMAN Suspect List Exchange e

NES (NORMANS-SLE): facilitating European
and worldwide collaboration on suspect
NORMAN suspect List Exchang screening in high resolution mass spectrometry

) o Hiba Mohammed Taha'®, Reza Aalizadeh’®, Nikiforos Alygizakis**@, Jean-Philippe Antignac*®,

Searching for individual substance or group(s) of substanceg Suspect List Exchange (NORMAN-SLE) wase Hans Peter H. Arp**@, Richard Bade’®, Nancy Baker®®, Lidia Belova®®, Lubertus Bijlsma'®®,

questions. The NORMAN-SLE documents all individual colle§ Evan E. Bolton''®, Werner Brack'>1*®, Alberto Celma'%'#®, Wen-Ling Chen'*®, Tiejun Cheng''®,

(see Source column in SusDat). NORMAN-SLE versions ared Parviel Chirsir' @, Luboz Cirka'®*®, Lisa A. Dﬂgosﬂno”@, Yannick Djournbou Feunangmﬁ,\.’aleria Dulio"®,
Comments and contributions are welcome - please email usg Stellan Fischer?®, Pablo Gago-Ferrero?' ®, Aikaterini Galani’®, Birgit Geueke??®, Natalia Gtowacka®®,
Juliane Gliige”®, Ksenia Groh”*®, Sylvia Grosse?, Peter Haglund”®®, Pertti J. Hakkinen''®,

Sarah E. Hale®®, Felix Hernandez'°®, Elisabeth M.-L. Janssen”*®, Tim Jonkers” @, Karin Kiefer?*,

NORMAN organises the development and maintenance of v

SEARCH All Databases
Q

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

Please refer to our documentation pages for: citation instruc

No. Abbreviation Description Ll Michal Kirchner?®®, Jan Koschorreck?®, Martin Krauss'?®, Jessy Krier' ©, Marja H. Larnoree?’ ®,
S0 SUSDAT Merged NORMAN n€ Marion Letzel®, Thomas Letzel’' ®, Qingliang Li''®, James Little*, Yanna Liu**®, David M. Lunderberg**°®,
- Substance Database Suspect List: SusDat 0 jnnathan W. Martin'/®, Andrew D. McEachran®@, John A. McLean® ®, Christiane Meier®®,
- _ vd Jeroen Meijer*®*®, Frank Menger''®, Carla Merino®*®, Jane Muncke”®, Matthias Muschket'?®,
A merged list of NORM%‘N S“_bStameS; Central oo Michael Neumann”®, Vanessa Neveu'! ®, Kelsey Ng***®, Herbert Oberacher**®, Jake O'Brien’®,
Database to access various lists of substances for Peter Oswald’®, Martina Oswaldova®, Jaqueline A. Picache® ®, Cristina Postigo™'*®, Noelia Ramirez***°®,
suspect screening and prioritisation Thorsten Reemtsma'2®, Justin Renaud™®, Pawel Rostkowski @, Heinz Riidel®®*®, Reza M. Salek" @,
Saer Samanipour**®, Martin Scheringer”*®, Ivo Schliebner’®, Wolfgang Schulz”*®, Tobias Schulze'?®,
, o . Manfred Sengl*”, Benjamin A. Shoemaker''®, Kerry Sims®' @, Heinz Singer’*®, Randolph R. Singh'*’®,
= Suspect List Exchange & Antibiotic Resistance Mark Sumarah®®, Paul A. Thiessen''®, Kevin V. Thomas’®, Sonia Torres**@, Xenia Trier>®,
o - i Annemarie P van Wezel**®, Roel C. H. Vermeulen®®, Jelle J. Vlaanderen®, Peter C. von der Ohe”*®
Central Database t lists of Bacteria/Genes - : ' ,
e; tra ° E: asefo a(:cess \.ra.nous (Ijs s.o tisati Zhanyun Wang®*®, Antony J. Williams®®®, Egon L. Willighagen®’®, David S. Wishart*®®, Jian Zhang''®, 8
substances for suspect screening and prioritisation A database of ARBS/ARGs in environmefl Nikolaos S. Thomaidis®®, Juliane Hollender”®?*®, Jaroslav Slobodnik*® and Emma L. Schymanski' " ®

matrices


https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/SLE/
https://doi.org/10.1186/s12302-022-00680-6

Example: Retrospective Screening / Early Warning Systems

&« C 0O ' ® www.norman-data.eu 3
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http://norman-data.eu/
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I Examples: Distribution of Chemicals in Various Matrices

Retrospective screening of REACH chemicals in Black Sea samples

Occurrence Results
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I Connecting Knowledge for Chemical Identification: MetFrag <

https://msbi.ipb-halle.de/MetFrag/ http://ipb-halle.github.io/MetFrag/
CompTox
irag  IMassBank [Tl  p,@hem [N
High Quality Mass Spectral Database SuspeCtS Dashboard
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https://link.springer.com/article/10.1186/s13321-016-0115-9

I Problem: HR-MS “Chemical Space” is too big!

CompTox

= o LJUIGLE I Chemopider Jgy Chemicals
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...and prohibitive run times!
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I Can we break down Pub(Chem into useful bits?

* PubChem Compound TOC ?

7

4

? 66,469,244
]_/v[v Agrochemical Information 2 3,100 ]
Agrochemical Information 2 | 3,100

»

Associated Disorders and Diseases E 30,075

»

Biologic Description ? 2,480,712
Biological Test Results 7 4,514,231

Chemical and Physical Properties ? 267,891

Classification 2 22,843,372

Drug and Medication Information = ? 19,319]

Food Additives and Ingredients 7 7,349

g

Identification  ? 4,699]

Information Sources  ? 46,018,697

Interactions and Pathways ‘E‘ | 205,070 |

Literature 2 2,097,436
Names and Identifiers ? 5,292,821

Patents ? 38,442,426

Pharmacology and Biochemistry 2 113,472 ]

Related Records ? 12,839,065

Safety and Hazards ? 169,744

Spectral Information 2 1,575,801

Structures 2 11,402,010

Toxicity ? 116,655

Use and Manufacturing 2

Agrochemical Category ? 1,956

Agrochemical Transformations 2 1,480

EU Pesticides Data ? 1,237

USDA Pesticide Data Program ? 670

~ Associated Disorders and Diseases E 30,075

Disease and References 13,386

+ |Interactions and Pathways ?

Pathways ‘T‘ ‘ 62,538 ‘

205,070

v Use and Manufacturing ? 105,682 ]

v Uses ? 71,558
Consumer Uses 2 3 807
Household Products ? 3,898
Industry Uses ? 5,975
Use Classification ? 59,060
Consumption Patterns 2 1,124
Formulations/Preparations 2 4,510

General Manufacturing Information 2 50,863

105,682~ Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0

@ Furathiocarb (Compound) ”~
7.3 EU Pesticides Data ®@c

Active Substance furathiocarb

Status Not approved [Reg. (EC) No 1107/2009]

Legislation 2002/2076

ADI 0.0035 mg/kg bw/day [RMS 1999]

ARfD 0.006 mg/kg bw [RMS 1999]

» EU Pesticides Database

@ Perfluorooctanoic acid (Compound) N
8.3 U.S. Production @

Production volumes for non-confidential chemicals reported under the Inventory Update Rule.

Year Production Range (pounds)
1986 10 thousand - 500 thousand
1990 No Reports

1994 10 thousand - 500 thousand
1998 10 thousand - 500 thousand
2002 10 thousand - 500 thousand

US EPA; Non-confidential Production Volume Information Submitted by Companies for Chemicals Under the
1986-2002 Inventory Update Rule (IUR). Octanoic acid, pentadecafluoro- (335-67-1). Available from, as of November
2, 2010: https://www.epa.gov/oppt/iur/tools/data/2002-vol. html

» Hazardous Substances Data Bank (HSDB)

U.S. National Library of Medicine

National Center for Biotechnology Information

13

00 000
c00 000
eor-0oe
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ceonooe
comeee



https://doi.org/10.1186/s13321-021-00489-0
https://pubchem.ncbi.nlm.nih.gov/

I Introducing ...

v PubChem Compound TOC ? 66,469,244

7

4

Agrochemical Information = ? 3,100‘

Associated Disorders and Diseases |E‘ | 30,075 |

Biologic Description ?  2.480,712
Biological Test Results ? 4,514,231

Chemical and Physical Properties ? 267,891

Classification 2 22,843,372

Drug and Medication Information 2 49,319

Food Additives and Ingredients 7 7,349

Y

Identification ?

4,699 |

Information Sources  ? 46,018,697

Interactions and Pathways ‘E‘ | 205,070 |

Literature 2 2,097,436
Names and Identifiers ? 5,292,821

Patents ? 38,442,426

Pharmacology and Biochemistry 2 113,472

Related Records ? 12,839,065

Safety and Hazards ? 169,744

Spectral Information 2 1,575,801

Structures 2 11,402,010

Toxicity ? 116,655

Use and Manufacturing ? 105,682

¥rag

¥ Updated PubChemlLite to April version v

#118 by schymane was merged 2 weeks ago

Pub(C)

~400,000 entries “small”

Database Settings

Database: [PubChemLite_exposomic% - I

229.10948 Search ppm: |5

Formula: [ CIH16CING |

Neutral Mass:

Identifiers: [ ]

BEGETEReENLLEICEEN ) 4 Candidates

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0

hemLite
EXPOSOMICS

Celebrating our 10th anniversary! Send us your birthday greeting here. s

April 29,2023

Open Acees
PubChemLite for Exposomics

(® Bolton, Evan; (® Schymanski, Emma; (& Kondic, Todor; (® Thiessen, Paul; ® Zhang, Jian (Jeff)

This@athe repository for regular updates of the PubChemlLite for Exposomics data collection. PubChemLite for
ycs is a subset of PubChem selected from major categories of the Table of Contents page at the PubChem
=T ation Browser, described in DOI:10.1186/513321-021-00489-0.

PubChemlLite for Exposemics is compiled from 10 categories: AgroCheminfo, BioPathway, DrugMediclnfo, FoodRelated,
Pharmacolnfo, Safetylnfo, Toxicitylnfo, KnownUse, DisorderDisease, Identification.

PubChemCIDs have been collapsed by InChlKey first block, reporting the structure from the most annotated CID, plus
related CIDs. Entries that will be ignored by MetFrag (salts, disconnected substances) or cause errors (e.g. transition
metals) have been removed. The Patent and PubMed ID counts are extracted from files on the PubChem FTP site. The
“AnnoTypeCount' term counts how many of the categories are represented, the subsequent column (named per category)
counts the number of annotation categories available in the next sub-category of the TOC entry.

These files can be used "as is' as localCSV for MetFrag Command Line.

L
U.S. National Library of Medicine l' lll Ill seeeee 4,
National Center for Biotechnology Information ° ecccee



https://doi.org/10.1186/s13321-021-00489-0

Pub@hem Lite: Fewer and more relevant candidates — with

4 2 context
" meigRye siMassBank HCW PubClhemLite

High Quality Mass Spectral Database Suspec S EXPOSOMICS
\_ /

~ PubChem Compound TOC ? 66,469,244

| Orders of magnitude faster, ~97% of test set in Top 3 ) o

» Biologic Description ? 2 480,712

Easier data interpretation =3 high throughput NTS

» Chemical and Physical Properties ? 267,891

» Classification ? 22 843,372
l» Drug and Medication Information 2 19,319]

l » Food Additives and Ingredients 2 7.349r
Candidate Score Distribution » Identification ? 4,699

» Information Sources ? 46,018,697

5 - - = [» Interactions and Pathways 2 205,070 ]
s ) » Literature 2 2,097,436
T " f B Final Score
& | / . . » Names and Identifiers ? 5292 821

N \
» Patents ? 38,442,426

— B MetFrag ? 38442,
| — T T CH, » Pharmacology and Biochemistry ? 113,472
5 = I
- ExactSpectraLSlrmLant‘_-,f ) » Related Records ? 12,839,065
Nicotine . [v Safety and Hazards ? 169744]
4 )
- SUSPECtL]StSCDrE » Spectral Information 2 4,575,801
| “ B ‘nnoTypeCount > Stuctires {f7) 117202010
» Toxicity ? 116,655
[ ]
2 L I Fatent Count [+ Use and Manufaciuring 7 105,682)
* o
Il FubMed Count
1 4
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Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0
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I Pub@hem Lite is a Dynamic Open & FAIR Collection

* Built & evaluated every week, updated online every month
* Downloadable & fully integrated in patRoon & MetFrag

usowi MERE https://rickhelmus.github.io/patRoon/

Celebrating our 10th anniversary! Send us your birthday greeting here. & patRoon 120 /ﬁ‘ Reference - Tutorial = Handbook « Gl

https://github.com/rickhelmus/
patRoon/issues

Apri 29,2023

*Communiﬁes I nsta Ilatlon L'
| 1 icense
P U b C h e m I_ It e fO r EX p OS O m I C S LCSB Environmental patRoon itself can be installed as any other R package, however, depending on which algorithms you want
‘ ' . . Cheminformatics to use in your workflow, some extra steps may be required to install all the necessary tools. Please see the GPL-3
B Zhang, Jian (Jeff) Group installation section in the handbook for more information. Citation
Thisis data collection. e
PubChi tegories of the Table of . b Citing patRoon
Contef .* Getting start: .2 ‘
- | ra *rag \ Developers
1 71 8 ’I 3 57 For a very quick start: @__0 X
PubCh BioPathway, ! ! ~ Rick Helmus
DrugM e, DisorderDisease, @ views & downloads 1library(patRoon) Pub hem Lite Author, maintainer
i ! newProject() All authors...
See more details EXPOSOMICS
ure from the most
disconnected The newProject() functionwill pop-up a dialog screen (requires R Studio!) which will allow you to quickly Dev status
atent and PubMed 1D select the analyses and common workflow options to subsequently generate a template R processing m

script.
_ uild | passin
MetFragWeb MetFrag CL DOI 1 0 528 1 /Zen0d05995885 However, for a better guide to get started it is recommended to read the tutorial. Afterwards the handbook

is a recommended read if you want to know more about advanced usage of patRoon . Finally, the reference

outlines all the details of the patRoon package. image size 2.17 GB

Use MetFrag directly from your The new MetFrag commandline

browser which makes it pretty tool providing additional scoring . . .
easy for beginners terms for scoring candidates with https_//lpb_halIe_qlthub.IO/MetFraql ° :;::::
MS/MS spectra [ XXX XN ] 1 6
Ban | o
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Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0 & Helmus et al. (2021) DOI: 10.1186/s13321-020-00477-w
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I Transforming Pub@hemLite Wit BioTransformer 3.0 [ILON

http://biotransformer.ca/ s

2.4 M
36 M

PubChemLite

EXPOSOMICS
379,199 entries

version 1.0.0; DOI: 10.5281/zenodo.5995886

98 M

11 M

2 M
Combinatorial explosion — more data -36M
needed to predict reaction likelihoods -1 M
- 30 M
Djoumbou Feunang et al (2019). BioTransformer, JCheminf. DOI: 10.1186/s13321-018-0324-5. - 82 M o ceeees
Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Bolton et al (2021) preliminary calculations; l"".l“ ‘ siiss 18

Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) Transformations in PubChem, DOI:_10.5281/zenodo.5644560
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I FAIR Transformations in Pub(Clhem and NORMAN-SLE
[ YRR
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Upload Communities
= HSDB
Celebrating our 10th anniversary! Send us your birthday greeting here. S
. ‘
= MetXBioDB

Pu b hem April 17,2023 | | Open Access
& REFTPS Transformations in PubChem - Full Dataset

(® Schymanski, Emma; (& Bolton, Evan; @ Cheng, Tigjun; (& Thiessen, Paul; & Zhang, Jian (Jeff); & Helmus, Rick; (&

&5 SLUPESTTPS — Transformations | soecee

This is an archive of the data contained in the "Transformations” section in PubChem for integration into patRoon and other

workflows.
Code (in R): E Schymanski, R Helmus, P Thiessen

= UACCSCEC > d O u b I e th e Transformations: E Schymanski, J Zhang, T Cheng and many contributors to various lists!

= SWISSPEST19

For further details see the ECI GitLab site: README and main "tps" folder.

6,312 chemicals

= THSTPS — Concepts: E Schymanski, E Bolton, J Zhang, T Cheng;

PubChem infrastructure: PubChem team
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Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Helmus et al (2022) DOI: 10.21105/joss.04029 ||||| I“ ‘ HHHEE
Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) Transformations in PubChem, DOI:_10.5281/zenodo.5644560 ¢
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(@ Schymanski, Emma; @ Baesu, Anca; @& Chirsir, Parviel

This is the collection associated with list S74 REFTPS Transformation Products and Reactions from Literature on the Source
NORMAN Suspect List Exchange.

https://www.norman-network.com/nds/SLE/ Record Name
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+ NORMAN Suspect List Exchange

NORMAN Suspect List Exchange
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FAIRifying PFAS
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@ 3,3,4/4,5,5,6,6,7,7,8,88-Tridecafluorooctan-1-ol (Compound)

7.1 Transformations

29 items

Q Search

Predecessor Predecessor Successor Successor
Name Name

6:2 FTOH-

6:2 FTOH
Sulfate

6:2 FTOH-

6:2 FTOH
Gluc

Fra

6:2 FTOH 6:2 FTAL

SORT BY Predecessor N+ Jonathan W. Martin # 2

Transformation

Conjugation

Conjugation

Oxidation

Enzyme Eviden|

24296

Chemico-Biological Interactions
Volume 155, Issue 3, 15 August 2005, Pages 165-180

| Metabolic products and pathways of
fluorotelomer alcohols in isolated rat
I hepatocytes https://doi.org/10.1016/j.cbi.2005.06.007

&, Scott A. Mabury b, Peter ). O'Brien #

Show more

+ Add to Mende

https://doi.org/10.10

10.101€
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10.1016/).cbi.2005.06.007
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/ Jon Martin

% @AcademicTox

Wow, this was a surprise. My postdoctoral work on
metabolism of #PFAS has been FAIRified on
@pubchem thanks to @ESchymanski and colleagues.

Very exciting to think about how these huge efforts will
improve future science for everyone.

@PChirsir

° Emma Schymanski @ESchymanski - Jan 8

Spent a rainy afternoon FAIRifying #PFAS data from past @AcademicTox work,
thanks to @PChirsir efforts we've committed the first set to @pubchem incl. new
structures - hope to bring the 2005 PDF images to #OpenScience life soon!
Again @the_cdk Depict makes it so much fun @jwmay !
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https://pubchem.ncbi.nlm.nih.gov/compound/69537#section=Pharmacology-and-Biochemistry

I The PFAS Challenge: Updated OECD Definition in 2021

&) OECD

Organisation for Economic Co-operation and Development

ENV/CBC/MONO(2021)25
RZ
Unclassified English - Or. English
9 July 2021
ENVIRONMENT DIRECTORATE Rl
CHEMICALS AND BIOTECHNOLOGY COMMITTEE
“OECD PFAS”

Reconciling Terminology of the Universe of Per- and Polyfluoroalkyl Substances:
Recommendations and Practical Guidance

Series on Risk Management
No.61

m U.S. National Library of Medicine

National Center for Biotechnology Information

OECD Monograph ENV/CBC/MONO(2021)25 (9 July 2021)



https://one.oecd.org/document/ENV/CBC/MONO(2021)25/en/pdf

The PFAS Challenge: How to scale this to Pub@hem ?

Explore Chemistry /

Quickly find chemical info- nation from authoritative sources

_ PFAS 5

Try covid-19 aspirin EGFR C9H80O4 57-27-2 C1=CC=C(C=C1)C=0 InChl=15/C3 HGO/c1-3(2)4/h1jZH3'

D Use Entrez

ol

Draw Structure Upload ID List Browse Data Periodic Table

11 5 M Compounds 3 O 5 M Substances 3 O4M Bioactivities 3 6 M Literature 92 3 Data Sources

See More Statistics » Explore Data Sources »

m U.S. National Library of Medicine
National Center for Biotechnology Information

https://pubchem.ncbi.nim.nih.gov/
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I The Pub(Clhem PFAS Tree

v PFAS and Fluorinated Compounds in PubChem ? » 21,250,352

4 . B other fluorinated AUFHATIC
v OECD PFAS definition ? # 6,483,761 substances (hal oot have a ulyfuornated
= H [ T i~ Per- and Polyfluoroalkyl Substances (PFASs)
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? o 11 ”
’ MGIECUIE Cﬂntalns ISG|E:'ItEC| CFS . 51701 !896 fluorinatedALlPl-IAﬂCs'tc:le-d'uain(s)that havea O EC D P FAS

fully fluorinated methyl or methylene carbon atom

» Molecule contains PFAS parts larger than CF2/CF3 2 228,734 fluorinated AROMATICring(e)

with 2
fluorinated ALIPHATICside chain(s) that have a R

B fully fluorinated methyl or methylene carbon atom
v Organofluorine compounds ? 2» 20,282,468 L >(
1
R

(non-Jflucrinated AROMATICring(s)
with

» Fluorinated aliphatic substances ? 898,136 e e e e

fluorinated AROMATICring(s)
with

» Fluorinated aromatic substances ? 19,311,523 non-fluorinated AUPHATICSde chain(s)

fluorinated AROMATICsubstances
without
aside chain

, » Other fluorinated substances ? 97,387 ) —
» Other diverse fluorinated compounds  ? 122,343

0
I
» PFAS and fluorinated compound collections 2 » 1,789,324 F)(\ 3
(0 RN ¢
» PFAS breakdowns by chemistry ? 7,415,092 “OECD PFAS” E . /?<.F

» Regulatory PFAS collections ? 26,870 (+salts/mixtures)
OECD Monograph ENV/CBC/MONO(2021)25 (9 July 2021)

. . . . ) U.S. National Library of Medicine q
https://pubchem.ncbi.nim.nih.gov/classification/#hid=120 m National Center for Biotechnology Information |||||.I||
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v PFAS and Fluorinated Compounds in PubChem 2 » 21,250,352
» OECD PFAS definition ? » 6,483,761
» Organofluorine compounds ? » 20,282,468
» Other diverse fluorinated compounds  ? 122,343

v PFAS and fluorinated compound collections 2 2 1,789,324

(r CompTox Chemicals Dashboard PFAS suspectlists 7 2

» NORMAN-SLE PFAS suspectlists 2 » 6,317

16,120

» OntoChem PFASIlists 2?2 » 1,777,047

\NISTF'FAS suspectlist 2 2 4,948

» Other fluorinated chemical content in PubChem 2?2 » 1,778

» PFAS breakdowns by chemistry ? 7,415,092
» Regulatory PFAS collections ? 26,870

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
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POPRC Meets Pub{Clhem PFAS Tree ...

» Adding regulatory collections to the PFAS Tree

POPRC slides available at
v PFAS and Fluorinated Compounds in PubChem 2?2 2 21,250,352 DOI: 10.5281/zenodo.7118551

» OECD PFAS definition ?  # 6,483,761

v PFHxS and related substances ? 710

» Organofluorine compounds ? 2 20.282.468
2 z » [Annex A] PFHxXS plus its salts and PFHxS-related compounds as defined in Annex A of

» Other diverse fluorinated compounds  ? 122,343 the Stockholm Convention 2~ | 598
» [EU REACH)] PFHxS (linear or branched) plus its salts and related substances according
» PFAS and fluorinated compound collections ? » 1,789,324 to EU REACH (draft definiion) 2 2 740 )

. C ds with a (C6F13)S moiety in PubChem by SMARTS ? 710
» PFAS breakdowns by chemistry ? 7,415,092 » Compounds wilha ( )5 moletyn PubChem by

» Compounds with a (C6F13)S(=0)(=0) moiety in PubChem by SMARTS ? 596

ﬂ Regulatory PFAS collections ? 26,870 » Difference between Annex A and EU REACH definitions 2 112

Compounds that transform to PFHXS (via PubChem Transformations) 2

» Long-chain PFCAs (LC-PFCAs) and related substanc ?7 18.;

=P¥ Initial indicative list of PFHxS plus its salts and PFHxS-related compounds ? 2 76

,‘
» PFHxXS and related substances ? 710 _/ PFHxS and any branched isomers (included in PubChem) ? 5

PFHxS and any branched isomers and their salts (included in PubChem) ? g2

» PFOA and related substances ? 25472

PFHxS and branched isomer combined substructure query in PubChem 2 212

» PFOA and related substances - exclusions ? 2 g8

K » PFOS and related substances ? 1,308 j Thanks to Andreas .
Buser, FOEN, CH Il

m U.S. National Library of Medicine

National Center for Biotechnology Information

PubChem PFAS Tree: https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
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I Example of PFHxS — Which PFAS are relevant”? Which are new?

» PFHxS and related substances ? 719

» [Annex A] PFHXS plus its salts and PFHxS-related compounds as defined in Annex A of the Stockholm Convention ? » 607

v [Annex A] PFHXS plus its salts and PFHxS-related compounds by annotation ? 470

[Annex A] PFHxXS, salts and related - annotation 'Literature’ ? 15

[Annex A] PFHxS, salts and related - annotation 'Literature’, 'Use’, 'Safety’, "Toxicity'| ? 138 *

[Annex A] PFHXxS, salts and related - annotation 'Patents’| ? 312 *

[Annex A] PFHXS, salts and related - annotation 'Safety and Hazards', "Toxicity' ? 43

[Annex A] PFHXS, salts and related - annotation 'Use and Manufacturing' ? 108

\_ [Annex A] PFHXS, salts and relateq - CID date 2022 or 2023| ? 76 *

» Compounds with a (C6F13)S(=0)(=0) moiety in PubChem by SMARTS ? 605

Initial indicative list of PFHxS plus its salts and PFHxS-related compounds ? 2» 76
PFHxS and any branched isomers (included in PubChem) ? 5§
PFHxS and any branched isomers and their salts (included in PubChem) ? 62

PFHxS and branched isomer combined substructure query in PubChem ? 212

. . . . ®
m U.S. National Library of Medicine sesces og
. - . r 1 eeLCSB
National Center for Biotechnology Information ° cccsce




Who does all this PFAS data come from?

L
Pub@hem 13C3-PFHxS (Compound)

J*‘_‘ : g’cl’; !

https://tarheels.Iive/b‘akerlab/

An overview of the uses of per- and polyfluoroalkyl
substances (PFAS)+

Juliane Gliige, & *2 Martin Scheringer, ©2 lan T. Cousins, & ® Jamie C. DeWitt, 3.2.1 Collision Cross Section
Gretta Goldenman,d Dorte Her_zke,@‘c"f Rainer Lohmann, £ ¢ Carla A. Ng,@h
Xenia Trier' and Zhanyun Wang’ 150.51 A? [M-H] [CCS Type: DT; Buffer gas: N2; Dataset: PFAS]
GIl'Jge et al. (2020) ESPI, DOI: 10.1039/d0em00291g DOI:10.1021/acs.est.2c00201
Pub@hem 6:2 FTMAP (Compound) » Baker Lab, Chemistry Department, The University of North Carolina at Chapel Hill
Reference for Source B Bug.sel, R Bauer, F Herrmannl, ME Maier, C Zwiener (2022) Analytical and Bioanalytical Pub© hem Perfluorononanoic acid (Compound)
Chemistry, 414, 1217-1225 doi:10.1007/s00216-021-03463-9
Accession ID MSBNK-ACES_SU-AS000012
i i WIS T wEs
Authors ACESx, Martin Group
Instrument QExactive Orbitrap HF-X (Thermo Scientific)
91ed2b0ea221bd037
, - Instrument Type LC-ESI-QFT
I l Hide Peak Labels
{ fj 1000 T 1,@9%5‘31
( / o
4y W 19951‘;6
Reference for Dataset S74 | REFTPS | Transformation Products and Reactions from Literature
doi:10.5281/zenodo.4318838 Ch . .
| rS | r 0 1125 225 3375 450
» NORMAN Suspect List Exchange - and many more' @PChII’SII’ m/z
Bugsel et al. (2022) ABC, 414, 1217-1225. DOI:10.1007/s00216-021-03463-9 https:/twitter.com/AcademicTox/ || '" I“ ‘ setess 29
status/1605997310726443009 ° Lot

https://pubchem.ncbi.nim.nih.gov/compound/156620404#section=1H-NMR-Spectra
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I Help Expand “Chemical Space” with Expert Knowledge

* Help us help you! Add data with FAIR templates & open license

Chemical Structures

PubChem_CID Name SMILES InChlKey

2256 Atrazine CCNC1=NC(=NC(=NT)C)NC(C)C MXWJVTOOROXGIU-UHFFFAQYSA-N
2328 Bentazone CC(C)N1C(=0)C2=CC=CC=C2NS1(=0)=0 ZOMSMIJKLGFBRBS-UHFFFAQYSA-N
3030 Dicamba COC1=C(C=CC(=C1C(=0)0)ChCl IWEDIXLBFLAXBO-UHFFFAOYSA-N
3120 Diuron CN(C)C(=0O)NC1=CC(=C(C=CT)CI)CI XMTQQYYKAHVGBJ-UHFFFAOYSA-N

Transformations

Predecessor_CID Predecessor_ Name Transformation Successor_CID Successor_Name Biosystem
13101 6PPD Qzone 154926030 6PPD-quinone Environment
2256 Atrazine Environmental 13878 Deisopropyl-atrazine  Soil
2256 Atrazine Mammalian metabolism | 135408770 Ammeline Mammal
2256 Atrazine Fungal metabolism 22563 Desethyl-atrazine Fungus
OH
Conjugation 0
O—II—OH
(I:I‘

6:2 FTOH to 6:2 FTOH-Sulfate

-Pu-b©hem

ﬂ FAIR “Templates

FAIR chemical structures in the Journal of Cheminformatics

Emma L. Schymanski and Evan E. Bolton

Letter to the Editor | 7 July 2021
o The Letter Response to this article has been published in Journal of Cheminformatics

202113:49 https://ftp.ncbi.nlm.nih.qov/
pubchem/Other/Submissions/

Reply to "FAIR chemical structure in the Journal of
Cheminformatics"

Rajarshi Guha, Nina Jeliazkova, Egon Willighagen and Barbara
Zdrazil

Letter Response = 7 July 2021

o The Letter to the Editor to this article has been published in Journal of
Cheminformatics 2021 13:50

National Center for Biotechnology Information

. . . = . LN )
Schymanski & Bolton (2022) FAIR-ifying the Exposome Journal: DOI: 10.1093/exposome/osab006 NIH ) W Deifieiel e 7 s il I“ ‘ setess 30
. o000 00

Schymanski & Bolton (2021) FAIR Chemical Structures. J. Cheminform. DOI: 10.1186/s13321-021-00520-4
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_ This is “just” the
The Grand Challenge of Chemical Numbers number of chemicals

_ _ registered per year
...and timescale for regulatory actions ...

low/ /high number of patents registered per year (WIPO)
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Are we observing

I The Next Grand Challenge — Tackling Patent Data action and

reaction with PFOA?
Can patent data reveal the next big trends?

low/ /high number of patents registered per year (WIPO)
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The Chemical Stripes and Patent Data

Environmental Cheminformatics > ® chemicalstripes

u chemicalstripes @ Ao [wsar ]2

Project ID: 2985 [¢}

-0- 20 Commits ¥ 1Branch <’ 0Tags [ 485 KB Project Storage Also very low patent
numbers post 2019...

An R package for generating chemical stripes from patent data extracted from PubChem
Chemical Stripes for Bisphenol A

PubChem CID: 6623

IUPACName: 4-[2-(4-hydroxyphenyl)propan-2-yllphenol
Molecular Formula: C15H1602

Exact Mass: 228.115029749

Patent data is huge
Data-rich stripes
(the nicest ones!)

> 10 minutes !!
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Left: Neuwald et al, STOTEN, accepted.
Photo of Daniel Zahn, UFZ at SETAC Europe, 30 April — 4 May, 2023. Image reused with permission

1965

1971

1971

1977

1977

1983

1983

1989
date

1989
date

1995

1995

2001

2001

Chemical Stripes for Tetrafluoroboric acid

1965

2007 2013

2000
1500
1000
500

2019

Depositor-supplied patent numbers

2007 2013

Chemical Stripes for Lithium tetrafluoroborate

&t
: : l 2000
: 1500
— 1000
] . I 500
i f 0
SETAG (K555 1{

2019

Depositor-supplied patent numbers



https://gitlab.lcsb.uni.lu/eci/chemicalstripes

The Chemical Stripes and Patent Data

» Really big patent data...

Pub@ hem Tetrafluoroborate (Compound)

5.2 Related Compounds

Same Connectivity Count 4
Mlxture_s, Components, and 19660
Neutralized Forms Count

Similar Compounds Count 11

Pub@ hem Hexafluorophosphate (Compound)

5.2 Related Compounds

Mixtures, Components, and
[ Neutralized Forms Count 15408 ]

Similar Compounds Count 7

[
Left: Neuwald et al, STOTEN, accepted. l' “ l . I “
Photo of Daniel Zahn, UFZ at SETAC Europe, 30 April — 4 May, 2023. Image reused with permission
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“Take Home” Messages

PubChem Lite/

« Dynamic, Open Collection: EXPOSOMICS [=]"}
o Expert knowledge to fill the gaps - Annotation content is extremely powerful

* Transformations and Metabolism PubChemLite
i o EXPOSOMICS
o More data needed to improve predictions 379,199 entries

* Open, FAIR workflows available in patRoon & MetFrag

low/! /high number of patents registered per year (WIPO)
1913 1930 1950 1970 1990
] ] ] ]

* PFAS & Chemical numbers are >+ IR T 11T
a huge challenge oo

20 Mio
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] ]
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- Patent data may help |
o...but is an even bigger challenge! e | B

CAS numbers registered per year
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