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Environmental Cheminformatics & Non-target HR-MS
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Mass Spectral Libraries: MassBank (Open Source & Data!)

https://massbank.eu/MassBank/ https://qgithub.com/MassBank/MassBank-data/
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I Gathering Expert Knowledge: NORMAN-SLE

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

(1)

o —

NORMAN arganises the development and maintenance of vi

SEARCH All Databases

Searching for individual substance or group(s) of substanc

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

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

Antibiotic Resistance
&

gy

NORMAN Database Systerm

ge

NORMAN Suspect List Exchang

The NORMAN Suspect List Exchange (NORMAN-SLE) was
questions. The NORMAN-SLE documents all individual colle
(see Source column in SusDat). NORMAN-SLE versions are

Comments and contributions are welcome - please email us

Please refer to our documentation pages for: citation instructi

No. Abbreviation Description Li
S0 SUSDAT Merged NORMAN It}
Suspect List: SusDat 3
M
Co
. |

Bacteria/Genes

A database of ARBs/ARGs in environme|

RESEARCH Open Access

The NORMAN Suspect List Exchange 2

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

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

Hans Peter H. Arp”®®, Richard Bade’®, Nancy Baker®®, Lidia Belova®®, Lubertus Bijlsma'’®,

Evan E. Bolton''®, Werner Brack'”"3®, Alberto Celma'®"@®, Wen-Ling Chen'*@, Tiejun Cheng"'®,

Parviel Chirsir'@, Luboz Cirka'®*®, Lisa A. Dﬂgosﬂno”@,\’anmck Djoumbou Feunangmﬁ,\"aleria Dulio"®,
Stellan Fischer?®, Pablo Gago-Ferrero?' ®, Aikaterini Galani’*®, Birgit Geueke??®, Natalia Glowacka’®,

Juliane Glige”®, Ksenia Groh®, Sylvia Grosse”, Peter Haglund®®®, Pertti J. Hakkinen''®,

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

Michal Kirchner’®®, Jan Koschorreck?®®, Martin Krauss'2®, Jessy Krier' ®, Marja H. Lamoree?’®,

Marion Letzel*?, Thomas Letzel*'®, Qingliang Li''®, James Little*?, Yanna Liu**®, David M. Lunderberg***@®,
Jonathan W. Martin'’®, Andrew D. McEachran®®, John A. McLean®’®, Christiane Meier*@,

Jeroen Meijer*®@®, Frank Menger''®, Carla Merina®*°®, Jane Muncke?®, Matthias Muschket'?®,

Michael Neumann??®, Vanessa Neveu' ®, Kelsey Ng**’®, Herbert Oberacher®*®, Jake O'Brien’®,

Peter Oswald'3®, Martina Oswaldova3, Jaqueline A. Picachei?ﬂi, Cristina Postigo‘”"“@, Noelia Ran"lirez‘w""""’\"tiir
Thorsten Reemtsma'2®, Justin Renaud®®®, Pawel Rostkowski¥ @, Heinz Riidel®®*®, Reza M. Salek™ @,

Saer Samanipour*®®, Martin Scheringer”#®, Ivo Schliebner’®, Wolfgang Schulz*®®, Tobias Schulze’®,
Manfred Sengl*®, Benjamin A. Shoemaker''®, Kerry Sims®' @, Heinz Singer’*®, Randolph R. Singh'*’®,

Mark Sumarah™®, Paul A. Thiessen''@®, Kevin V. Thomas’ @, Sonia Torres™> @, Xenia Trier"3 @,

Annemarie P.van Wezel™®, Roel C. H. Vermeulen®®®, Jelle J. Vlaanderen®, Peter C. von der Ohe??®,
Zhanyun Wang®*®, Antony J. Williams*®®, Egon L. Willighagen®’®, David S. Wishart*®®, Jian Zhang''®, 5
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

E rI:;E

What is Pub@hem’? https://pubchem.ncbi.nlm.nih.gov/ &k _.'ufln;-
HPUb@hem

e g HL Ty

O

Explore Chemlstry =N

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-ZH3

D Use Entrez

Draw Structure Upload ID List Browse Data Periodic Table

116[\/' Compounds 308[\/] Substances 292M Bioactivities 36'\/' Literature 934 Data Sources

See More Statistics » Explore Data Sources »


https://pubchem.ncbi.nlm.nih.gov/

m U.S. National Library of Medicine

National Center for Biotechnology Information

I NORMAN-SLE in Pub{Chem

The NORMAN network enhances the exchange of information on emerging environmental substances, and encourages the validation and
harmonisation of common measurement methods and monitoring tools so that the requirements of risk assessors and risk managers can be better
met. The NORMAN Suspect List Exchange (NORMAN-SLE) is a central access point to find suspect lists relevant for various environmental monitoring
questions, described in DOI:10.1186/s12302-022-00680-6

v NORMAN Suspect List Exchange Classificaton 2 » 115,695

» S13 | EUCOSMETICS | Combined Inventory of Ingredients Employed

Organization NORMAN Network (c/o UniLu) Revised Inventory (2006) 7  3.936

Category Research and Development » S$25| OECDPFAS | List of PFAS from the OECD ? 3 678

https://www.norman-network.com/n » S36 | UBAPMT | Potential Persistent, Mobile and Toxic (PMT) substance

A ds/SLE/
License Note R?t’f:tl(c:_cz—(B)Y 4.0; Code [hosted by ECl, LCSB]: » S50 | COENMMAEKN L Tha lnifad Sallinian Srann Cantian (OO0 Cameandium ? 869
' * PFAS Use Category ? 489
P i » S60|SW 2019 ? 1,359
. ps://creativecommons.org/licenss - 2
License URL s/by/4.0/ b S61|UJ Aerospace ? § 74
Contact Name Emma Schymanski » S66|EA > Additive to aviation fuel ' 1 I 258
6 R » S68|HS » Brake and hydraulic fluids 5§ in PubChem 2 740
Riitiress : avenge u :\;2? elvauy, .
PREMBOWG, ' |LU; » Air conditioning ? 1
Data Source ID 23819 » ST2INT » Antifoaming Agents ? 8 pan 1,068
f \ » S575]|Cye rom ? 2,553
118,487 Live Substances » Apparel ? 26 |
» S77|FC

—

Data in PubChem 22,317 Annotations

1 ClBAGREAEER » S79 | UACCSCEC | Collision %s Section (CCS) Library from UAntwerp ?

» S80 | PFASGLUEGE | Overview of PFAS Uses 7 1,251 ]

Last Updated \ 2023/09/06 ) |

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101 & https://pubchem.ncbi.nlm.nih.gov/source/23819

ducts (2000) and
» S47 | ECHAPLASTICS | A list from the Plastic Additives Initiative Mapping Exercise by ECHA ? 241
.
S

L L]

[ ecccoe
[ X X X N X ]

. L N N L ]



https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101
https://pubchem.ncbi.nlm.nih.gov/source/23819
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101

I Non-target High Resolution Mass Spectrometry (NT-HRMS)

!-.."

Environmental
Sciences Europe

NORMAN guidance on suspect and non- ==
target screening in environmental
monitoring

Home > Environmental Sciences Europe > Article

Review | Open Access | Published: 04 September 2023 | 35, Article number: 75 (2023) Environmental Sciences Europe

~ Submit manuscript =
Download PDF ¥ @ You have full access to this open access article

Juliane Hollender &, Emma L. Schymanski, Lutz Ahrens, Nikiforos Alygizakis, Frederic Béen, Lubertus Sections Figures References

Bijlsma, Andrea M. Brunner, Alberto Celma, Aurelie Fildier, Qiuguo Fu, Pablo Gago-Ferrero, Ruben Gil-

Abstract
Solsona, Peter Haglund, Martin Hansen, Sarit Kaserzon, Anneli Kruve, Marja Lamoree, Christelle

Motivation for this guidance

Margoum, Jeroen Meijer, Sylvain Merel, Cassandra Rauert, Pawel Rostkowski, Saer Samanipour, Bastian

Overview on analytical methods for NTS

Schulze, Tobias Schulze, Randolph R. Singh, Jaroslav Slobodnik, Teresa Steininger-Mairinger, Nikolaos

S. Thomaidis, Anne Togola, Katrin Vorkamp, Emmanuelle Vulliet, Linyan Zhu & Martin Krauss Sampling and sample preparation for NTS

G Sk Hollender et al. (2023) DOI: 10.1186/s12302-023-00779-4 LC—HRMS/MS analysis |



https://doi.org/10.1186/s12302-023-00779-4
https://doi.org/10.1186/s12302-023-00779-4

I Non-target High Resolution Mass Spectrometry (NT-HRMS)
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Open Source Workflows for NT-HRMS: patRoon
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Mod. from Hollender

[ Sampling = Sample preparation = Chromatography => Mass spectrometry ] et al. (2023) DOI:
10.1186/512302-

1, 023-00779-4

[ Blank correction = (Internal) standards quality control ]
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[ Raw data / Extracted lon Chromatograms OR Peak picking = Componentization => Peak (feature) list ]

oooooo
000000

[ ]
uni.In | G


https://doi.org/10.1186/s12302-023-00779-4
https://doi.org/10.1186/s12302-023-00779-4

Mod. from Hollender

[ Sampling = Sample preparation = Chromatography => Mass spectrometry ] et al. (2023) DOI:
10.1186/512302-

1, 023-00779-4

[ Blank correction = (Internal) standards quality control ]

)

[ Raw data / Extracted lon Chromatograms OR Peak picking = Componentization => Peak (feature) list ]

v

v

Name SMILES RT Prec. mz Adduct MS/MS
N-Benzyladenine C(NC1=C2N=CN=C2N=CN1)C1=C13.340 min 226.1087 [M+H]+ 91.0542;999:65.0386;115:63.0229;3:148.0617;2:119.(
Benodanil IC1=C(C=CC=C1)C(=0)NC1=CC=(16.272 min  323.988 [M+H]+ 94.0413;999:76.0307;885:81.0335;317:66.0464;147:2
Pimozide FC1=CC=C(C=C1)C(CCCN1CCC(C(15.883 min 462.2351 [M+H]+ 109.0448;999:173.0708;358:147.0604;353:98.0964;2¢
Norflurazon CNC1=C(Cl)C(=0)N(N=C1)C1=CC 16.641 min 304.0459 [M+H]+ 140.0306;999:87.9948;888:102.0105;676:160.0368;47
Zenarestat OC(=0)CN1C(=0)N(CC2=CC=C(B 18.674 min 438.9502 [M-H]-  78.9189;999:360.9386,317:166.0065;284:196.9924;27
Ametryn <16 EIC (m/z = 182.0812)
Pyriproxyfen (
Raloxifene Ql
1 A

> 3x10"1 peak retention time (MS1)

2 %107 KO :rt= 11.75 min

% ] WT ; rt= 11.76 min

= 1x10"7 Std ; rt= 11.76 min

01 _ : = . : :
11.25 11.50 1175 12.00 1225
retention time [min]

[ Confirmation with standard & quantification ] 12
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[ Sampling = Sample preparation = Chromatography => Mass spectrometry ]

v

[ Blank correction = (Internal) standards quality control ]

)

Mod. from Hollender
et al. (2023) DOI:
10.1186/s12302-

023-00779-4

[ Raw data / Extracted lon Chromatograms OR Peak picking = Componentization => Peak (feature) list ]
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[ Sampling = Sample preparation = Chromatography => Mass spectrometry ]

Mod. from Hollender
et al. (2023) DOI:
10.1186/s12302-

1, 023-00779-4

[ Blank correction = (Internal) standards quality control ]

)

[ Raw data / Extracted lon Chromatograms OR Peak picking = Componentization => Peak (feature) list ]

v

v

v v

MS(MS) Suspect screening

library search with suspect list - Best with relatively small lists
(tens to hundreds of entries)
- Large suspect lists have many

false positives
=> non-target screening

\ 4 A 2

Candidate filtering: MS/MS, retention time, isotopes, calc. properties, metadata plausibility

| | v

Tentative identification, semi-quantification

where J, possible where ‘l,possible where \l,possib/e

Confirmation with standard & quantification
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I |dentification Strategies and Confidence in NT-HRMS(/MS)
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https://doi.org/10.1021/es5002105
https://doi.org/10.1007/s00216-015-8681-7

I |dentification Strategies and Confidence in NT-HRMS(/MS)

Non-target HR-MS(/MS) Acquisition

| |
[ Tar gelt list ) | Suspelct list |
[ Peak picking or XIC&S ] picking

Suspect
Screening

Limited by ref. std.

availability ...
Level 2 | Probable Structure . . M ass B an k
q q q Q L |
by I|brary/d|agnost|c evidence High Quality Mass Spectral Database
Cosine similarity = 0.9973
TR
0% I T t ’ ’ t ’ T \l
E aquatic research g 000
2 o tiiies
Schymanski et al, 2014, ES&T. DOI: 10.1021/es5002105 | | | e R | “l“ I“ eetess 17
Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7 S ‘ EREREE



https://doi.org/10.1021/es5002105
https://doi.org/10.1007/s00216-015-8681-7

|dentification Strategies and Confidence in NT-HRMS(/MS)

Non-target HR-MS(/MS) Acquisition

| |
[ Tar gé’lt list ) | Suspelct list |
[ Peak picking or XIC&S ] picking

Suspect
Screening

Limited by ref. std.

availability ...
Level 2 | Probable Structure . . M ass B an ,2
5 5 5 o L |
by I|brary/d|agnost|c evidence High Qualitv Mass Soectral Database
. Level 3 | Tentative Candidate(s) e
\ tart suspect, substructure, class *"rag y
1000
"? 750 4 \ CHij C’)ij
E 500 4 7
- 250 | \ \ eawag
[ [! aquatlc research
. oun 1 rauancTesear T o0t
Schymanski et al, 2014, ES&T. DOI: 10.1021/es5002105 o o o* o® »° ||||| I“ setels 18
Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7 m/z EREREE



https://doi.org/10.1021/es5002105
https://doi.org/10.1007/s00216-015-8681-7

|dentification Strategies and Confidence in NT-HRMS(/MS)

Non-target HR-MS(/MS) Acquisition
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I A PFAS-Specific Confidence Scale (adapting, not reinventing)

Level

Identification Confidence

Accurate Mass
Defect Pattern Match

Mass

Consistent

Homologue

MS? Fragments Library Reference
(number; level) (number; type)

interest

Level 1a |Confirmed by reference standard v v
Indistinguishable from reference
Level 1b 5 v v
standard
Level 2a |Probable by library spec. match v v
Probable by diagnostic 21
Level 2b y & , v v > 3; diagnostic
fragmentation evidence > level 3
Probable by diagnostic 22;
Level 2c v ) . v v > 2; diagnostic
homologue evidence 2 level 2a
21 2 1; subclass-
Level 3a |Positional isomer candidates v v .
> level 3 aligned
21 2 1; subclass-
Level 3b |Fragmentation-based candidate v v .
> level 3 aligned
Circumstantial candidate with 21 2 1; subclass-
Level 3¢ : . v v . -
fragmentation evidence > level 3 aligned (in silico)
Circumstantial candidate with 22;
Level 3d ) v v
homologue evidence 2 level 2a
Level 4 [Unequivocal molecular formula v v
PFAS suspect screening exact v (suspect
Level 5a .
mass match list match)
Nontarget PFAS exact mass of 2 2; subclass-
Level 5b . v v >3

aligned (in silico)

Charbonnet et al, 2022, ES&T Letters DOI: 10.1021/acs.estlett.2c0206
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I A PFAS-Specific Confidence Scale (adapting, not reinventing)

Accurate Mass Isotopic Consistent Homologue MS? Fragments Library Reference

SO B LS IEIE e B v | oyt e g RT (number; level) (number; type) MS?  Standard

Level 1a |Confirmed by reference standard v v v v v v
Indistinguishable from reference
Level 1b & v v v v v v
standard
Level 2a |Probable by library spec. match v v v v v
Probable by diagnostic 21
Level 2b y g' N v v v > 3; diagnostic
fragmentation evidence > level 3
Level 2c || "oPable by diagnostic v v Example: Ketone-Substituted PFHpS (C,F,;S0,’)
homologue evidence T TR e T
Level 3a |Positional isomer candidates v v ||: ||: ||: T T ": C”)
§PFOS T Irrrrri
Level 3b |Fragmentation-based candidate v v / | : F F OFTFTFTF O
Circumstantial candidate with o F F F F F F F O
Level 3¢ . . v v : I
fragmentation evidence : = | | | | | | ‘ S—O
Circumstantial candidate with \ : | | | ” | | | ‘ |
Level 3d v v F FFOFTFTFFO
homologue evidence e — ——T s
Level 4 Unequivocal molecular formula N4 v 107 |K-PFHES. C7 H F1304 . 427 5352 3955 (M-H)- -ESI Product lom (it 3922 3938 3,341, 3550 .. mun. 3 scans) Frag=115.0v CIDE400 (426 $31%(z~7] -> ™) 201103_AFFF2_LIVER_COMPOS_IT3 4
PFAS suspect screening exact v (suspect o L
Level 5a . o 3 {
mass match list match) - . : n - - gs
Level 5b !\Iontarget PFAS exact mass of Y v - =3 - + : 1
interest |
LLLLEY |

Charbonnet et al, 2022, ES&T Letters DOI: 10.1021/acs.estlett.2c0206. Examples c/o J. Charbonnet
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I A PFAS-Specific Confidence Scale (adapting, not reinventing)

Level

Level 1b

Identification Confidence

Indistinguishable from refere
standard

Level 2a

Probable by library spec. matc

Level 2b

Probable by diagnostic
fragmentation evidence

Level 2¢c

Probable by diagnostic
homologue evidence

Level 3a

Positional isomer candidates

Level 3b

Fragmentation-based candidat

Level 3¢

Circumstantial candidate with
fragmentation evidence

Level 3d

Circumstantial candidate with
homologue evidence

Level 4

Unequivocal molecular formula

Level 5a

PFAS suspect screening exact
mass match

Level 5b

Nontarget PFAS exact mass of
interest

Accurate Mass

Mass

v

v

Isotopic
Defect Pattern Match

v

Consistent
RT

v

Homologue

(number; level) (number; type)

MS? Fragments Library Reference
Ms?  Standard

v v

Example: FPeSA (C;F,,SO,NH,)
Fragment: 98.9790 in all series members [FSO,NH,)]
FOSA confirmed with a standard

150
140
13.0
120
110
100
9.0
80
7.0
6.0

300

RT vs Molar Mass

350 400 450

23

. i D\\\\Sj,r«u-l2
\

500 550

7 aligned (in silico) 7

Charbonnet et al, 2022, ES&T Letters DOI: 10.1021/acs.estlett.2c0206. Examples c/o J. Charbonnet
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I Grand Challenge: HR-MS “Chemical Space” is too big!

: . CompTox
= RS PUb©hem scrle';nhspﬂclets Chemicals
. . . Dashboard
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)
5
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41 . . — . '\ [ et
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]

...and prohibitive run times! )
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Our Chemical Past, Present, and Future

low / / high number of patents registered per year (WIPO)
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Composition & Animation: Jamie Perera; Figure: Dagny Aurich; mod. from Arp et al. (2023) DOI: 10.1021/acs.est.3c01735. Credits: Jamie Perera, Dagny Aurich, Paul Thiessen, Emma Schymanski



[Flashback 6 months ago ...]
ZerOPM

Are there really 6 million
PFAS in PubChem?

|:| Luxembourg National Assoc. Prof. Dr. Emma Schymanski

Environmental Cheminformatics, Luxembourg Centre for
Systems Biomedicine, University of Luxembourg

l"“ I" Dr. Evan Bolton

US. National Library of Medicine National Center for Biotechnology Information,
R National Library of Medicine, National Institutes of Health

ZeroPM Weblnar DOI:10.5281/

22 March 2023 This project has received funding from the European Union’s Horizon 2020 zenodo. 7796622
research and innovation programme under grant agreement No 101036756.

Schymanski & Bolton (2023) ZeroPM Webinar, Zenodo. DOI: 10.5281/zenodo.7756622
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I [Flashback 6 months ago ...]

ZerOPM v
No...it's already 7 million!

¥ PFAS and Fluorinated Compounds in PubChem ? » 20,929,881
» OECD PFAS definiton 2 » 6,370,077

» Organofluorine compounds ? » 19,963,719

» Other diverse fluorinated compounds ? 122,266

PFAS and fluorinated compound collectons 2 » 1,789,330

PFAS breakdowns by chemistry ? 7,299,804

Regulatory PFAS collections ? 26,965

Schymanski & Bolton (2023) ZeroPM Webinar, Zenodo. DOI: 10.5281/zenodo.7756622
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I Motivation: Updated OECD PFAS Definition in 2021

other fluorinated ALUPHATIC
substances that do not have a fully fluorinated
methyl or methylene carbon atom

organofluorine fluorinated ALIPHATIC fluorinated ALIPHATIC substances that have a j B
: - e.g.R- G Fp4q0r R-CF- R, n21
compounds substances fully fluorinated methyl or methylene carbon atom L
A J (for examples, see Figure 5 above)
non-fluorinated AROMATICring(s) R 2
with

fluorinated ALIPHATIC side-chain(s) that have a
fully fluorinated methyl or methylene carbon atom

fluorinated AROMATICring(s)
L with n
fluorinated ALIPHATIC side chain(s) that have a " ) R 1

fully fluorinated methyl or methylene carbon atom

A‘ fluorinated AROMATIC }‘ 0 EC D P FAS

substances (non-)flucrinated AROMATICring(s)
with N o

|  fluorinated ALIPHATICside chain(s) that do NOT have a & ”»
fully fluorinated methyl or methylene carbon atom ) & NOT Y O E C D P FAS

i fluorinated WAﬂCring(s) CONSIDE RE D
| non-fluorinated AL/PHATICside chain(s) J
. OECD PFAS |

fluorinated AROMATICsubstances
— without
aside chain

m US thional Li.brary of Medicirje l"li I“ ‘ EEEEE-; 27
OECD Monograph ENV/CBC/MONO(2021)25 (9 July 2021) — Figure 8 Leona cener oo ecne ooy e o .
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PFAS

The Pub@hem PFAS Tree

v PFAS and Fluorinated Compounds in PubChem 2 2 21,411,181
(v OECD PFAS definiton ? » 6,540,217

other fluorinated ALIFHATIC
substances that do not have a fully fluorinated
methyl or methylene carbon atom

fluorinated ALIPHATIC substances that have a B

= e.g.R-C Fppsi0or R-C P~ R, n21
fully fluorinated methyl or methylene carbon atom Pl e e

» Molecule contains isolated CF2 2 675,776

non-fluorinated AROMATICring(s)

fluorinated AHPI-IAH:;:::.e-d-uain(s) that have a “ O E C D P FAS 7

fully fluorinated methyl or methylene carbon atom

» Molecule contains isolated CF3 2 5 747,364

» Molecule contains PFAS parts larger than CF2/CF3  ?
(o O e o de 3 o0 ad7 naa )
v Organofluorine compounds ? 2# 20,417,011

229,607

fluorinated AROMATICring(s)
with 2
fluorinated ALIPHATIC side chain(s) that have a R

fully fluorinated methyl or methylene carbon atom
-
(non-Jflucrinated AROMATICring(s)
with
fluorinated ALIPHATICside chain(s) that do NOT have a R 1
fully fluorinated methyl or methylene carbon atom

fluorinated AROMATICring(s)
with
non-fluorinated AL/PHATICside chain(s)

» Fluorinated aliphatic substances ? 904,417

» Fluorinated aromatic substances ? 19,439,533

fluorinated AROMATICsubstances
without
aside chain

\ » Other fluorinated substances ? 97,762 )

» Other diverse fluorinated compounds ? 125,621
» PFAS and fluorinated compound collections ? » 4 789,296

» PFAS breakdowns by chemistry ? 7,497,376 OECD PFAS”
Regulatory PFAS collections ? 26,943 (+Sa|tS/miXtureS)

-

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

. . . . . U.S. National Library of Medicine Y
https://pubchem.ncbi.nim.nih.qgov/classification/#hid=120 m National Center for Biotechnology Information “l“.I“ S
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I The Pub(Clhem PFAS Tree

v PFAS and Fluorinated Compounds in PubChem ? » 21,411,181

C OECD PFAS definition ? » 6,540,217

» Molecule contains isolated CF2 2 675,776
» Molecule contains isolated CF3 2 5 747,364

» Molecule contains PFAS parts larger than CF2/CF3 2 229,607

v Organofluorine compounds ? 2# 20,417,011
» Fluorinated aliphatic substances ? 904,417

» Fluorinated aromatic substances ? 19,439,533

\ » Other fluorinated substances ? 97,762 )

» Other diverse fluorinated compounds ? 125,621

» PFAS and fluorinated compound collections ? » 1,789,296

» PFAS breakdowns by chemistry 2 7,497,376 'OECD PFAS”
» Regulatory PFAS collections ? 26,943 (+Sa|t3/miXtureS)

0
F i F
oo
F7 O\ F
F F

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

U.S. National Library of Medicine

https://pubchem.ncbi.nim.nih.gov/classification/#hid=120 NIH) National Center for Biotechnology Information “l"-I“
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~ PFAS and Fluorinated Compounds in PubChem 2 » 21 411,181

~ OECD PFAS definion ? » 6,540,217 Note: this does not include
mixtures and salts ...

[v Molecule contains isolated CF2 2 675,776 ]

» Contains CF2 and larger PFAS parts 2 9 140

» Contains only isolated CF2 ? 590,062

» Contains only isolated CF2/CF3 ? 76,574

[ * Molecule contains isolated CF3 2 5 747,364

» Contains CF3 and larger PFAS parts ? 26,816
» Contains only isolated CF2/CF3 ? 76,574

» Contains only isolated CF3 ? 5,643,974

[ » Molecule contains PFAS parts larger than CF2/CF3 2 229,607

» Breakdown by isolated PFAS partcount ? 229, 607

» Breakdown by isolated PFAS parttype ? 229 607

- c 4 - o
m U.S. National Library of Medicine
National Center for Biotechnology Information °

https://pubchem.ncbi.nlm.nih.qov/classification/#hid=120
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I PFAS Breakdown by Chemistry
|-— Breakdown by PFAS functional groups ? 7,497,376

PFAS-C(=0)-NR2 63,644
PFAS-C(=0)-OF 406

PFAS-C(=0)-OH 227,763

b

bk

v Contains PFAS-C ? 6,718,382

Contains PFAS-C( 4,402,504
Contains PFAS-C(=C 118,192

Contains PFAS-C(=N 32,533

Contains PFAS-C(=0) 539,557

PFAS-C(=0)-0l

PFAS-C(=0)-OR 80,825

244

PFAS-C(=O) + PFAS-C(=0)-OH 227,763

PFAS-C(=O]

Yet more c::ul

b

»

» Contains PFAS-N

» Contains PFAS-P

» Contains PFAS-S

Contains PFAS-C(=S 667
Contains PFAS-CH 739 211
Contains PFAS-CH2 1,310,256
Contains PFAS-CH3 106,486

More PFAS-C cases 7,002

“u

39,853

» Contains PFAS-O ? 663,131

-

16,313
284,549

-

» More PFAS-Elementcases ? 5,655

» Breakdown by PFAS composition ? 227,763
» Breakdown by PFAS part connectivity degree ? 227,763

v Breakdown by PFAS part formulas  ? 227,763

Molecule contains C01F02
Molecule contains CO1F03
Molecule contains C02F04
Molecule contains C02F05
Molecule contains CO3F05
Molecule contains CO3F06
Molecule contains CO3F07
Molecule contains C04FO07
Molecule contains C04F08

Molecule contains CO4F09

14,031
210,204
1,441
201

28

876

434

24

112

100

U.S. National Library of Medicine

National Center for Biotechnology Information




» PFAS-C(=0)-NR2 63,644

I PFAS Breakdown by Chemistry |, srsceoror 406

» PFAS-C(=0)-OH 227,763

|| v Breakdown by PFAS functional groups ? 7. 497,376

» PFAS-C(=0)-0l 244
v Contains PFAS-C ? 6,718,382

» PFAS-C(=0)-OR 80,825
» Contains PFAS-C( 4,402,504 A

» PFAS-C(=0] ~ PFAS-C(=0)-OH 227,763
» Contains PFAS-C(=C 118,192 » PFAS-C(=0 » Breakdown by PFAS composition ? 227,763

» Contains PFAS-C(=N 32,533 » Breakdown by PFAS part connectivity degree 2 227,763
» Yet more c::uJ

» Contains PFAS-C{:D} 539’557 v Breakdown by PFAS part formulas  ? 227,763

Molecule contains CO1F02 14,031

SEARCH FOR

PFAS and Fluorinated Compounds in PubChemg Molecule contains CO3F07 Molecule contains CO1F03 | 210,204

—_— 7

g contains CO2F04 1,441

Treating this as a previously computed list of identifiers.

201
Compounds
Molecule contains CO3FO0

434 results = Filters SORTBY - Relevance v ¥ Download v

Molecule contains CO3F06 8Y6

Heptafluorobutyric Acid; 375-22-4; Perfluorobutyric Acid; ACTIONS ON RESULTS WITH ID TYPE: Molecule contains CO3F07 | 434

.Beee\-' Perfluorobutanoic Acid; Heptafluorobutanoic Acid; ... Compounds .
Molecule contains CO4F07 24
Compound CID: 9777 4 Push to Entrez Z
MEF: C4HF;0, MW: 214.04g/mol Molecule contains CO4F08 442
IUPAC Name: 2,2,3,3,4,4,4-heptafluorobutanoic acid ﬁf Savi for [Lalar v
Isomeric SMILES: C(=0)(C(C(C(F)(F)F)(F)F)(F)F)O Molecule contains CO4F09 400
InChIKey: YPJUNDFVDDCYIH-UHFFFAOYSA-N e Linles) Beim Seis o

InChl: InChl=1S/C4HF702/c5-2(6,1(12)13)3(7,8)4(9,10)11/h(H,12,13)
Create Date: 2005-03-26

National Center for Biotechnology Information

Summary Similar Structures Search Related Records

U.S. National Library of Medicine l"li I“ ‘ EEEEE:B
. o000 0O




v PFAS and Fluorinated Compounds in PubChem 2 » 21,411,181

» OECD PFAS definition ?  » 6,540,217

CompTox Chemicals Dashboard

suspects

» Organofluorine compounds 2 » 20,417,011
» Other diverse fluorinated compounds ? 125,621

v PFAS and fluorinated compound collections 2 » 1,789,296

[v CompTox Chemicals Dashboard PFAS suspectlists 2 # 16,120

» NORMAN-SLE PFAS suspectlists 2 2 6,317

1 Google

Pub@hem

{ NIST o5:=
DATA REPOSITORY

. . . . . U.S. National Library of Medicine Y
https://pubchem.ncbi.nim.nih.qgov/classification/#hid=120 M) National Center for Biotechnology Information ||||| .Ill

» OntoChem PFASlists 2 » 14,777,020

» Other fluorinated chemical content in PubChem 2?2 2 1777

KNIST PFAS suspectlist 2 » 4,948

» PFAS breakdowns by chemistry ? 7,497,376

» Regulatory PFAS collections ? 26,943

oooooo
000000
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PFAS Suspect Lists - NORMAN-SLE / NIST

¥ PFAS and fluorinated compound collections 2 2 1,789,296

» CompTox Chemicals Dashboard PFAS suspectlists 2 2

suspects

S09 | PFASTRIER | PFAS Suspect List of fluorinated substances from X. Trier and colleagues ? 2 468

16,120
[T NORMAN-SLE PFAS suspectlists 2 2 6,317 ]

S14 | KEMIPFAS | PFAS Highly Fluorinated Substances List from KEMI 2 » 1,344

[ 525 | OECDPFAS | List of PFAS fromthe OECD ? » 3,692 ]

S46 | PFASNTREV19 | List of PFAS reported in Non-Target HRMS Studies from Liuetal 2019 ? 2 680

[ S80 | PFASGLUEGE | Overview of PFAS Uses 2 » 1,250 ]

S89 | PRORISKPFAS | List of PFAS Compiled from NORMAN SusDat ? 2 4,240

S92 | FLUOROPHARMA | List of 340 ATC classified fluoro-pharmaceuticals 2 2 290

S94 | FLUOROPEST | List of 423 FRAC/HRAC/IRAC classified fluoro-agrochemicals ? »# 318

S95 | PFASANEXCH | PFAS List from the NORMAN PFAS Analytical Exchange Activity 2 2 94

S96 | ECIPFAS | Updateable List to add PFAS Structures to Public Resources from ECI (UniLu) 2 » 257
S100 | PFASREACH | List of PFAS identified in REACH 2019 ? » 429

S102 | PARCPFAS | List of PFAS from PARC WP4 2?2 2 190

PUBLIC
1,777 N |Sr DATA REPOSITORY

[NIST PFAS suspectlist 2 2 4,948 ]

» OntoChem PFASlists ? 2 1,777,020

» Other fluorinated chemical content in PubChem ? 2

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

RESEARCH Open Access

The NORMAN Suspect List Exchange 2
(NORMAN-SLE): facilitating European

and worldwide collaboration on suspect
screening in high resolution mass spectrometry

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

Hans Peter H. Arps-ée, Richard Bade’®, Nancy Baker®®, Lidia Belova®®, Lubertus Bij\smamo,

Evan E. Bolton''®, Werner Brack'*1®, Alberto Celma'®!*®, Wen-Ling Chen'®®, Tigjun Cheng''®,

Parviel Chirsir'®, Lubog Cirka'®*®, Lisa A. D'Agostine'’ ®, Yannick Djoumbou Feunang'®®, Valeria Dulio'®,
Stellan Fischer?, Pablo GagefFerrero”O, Aikaterini Galani’®, Birgit Geueke?®, Natalia Glowacka*®,
Juliane Gliige?®, Ksenia Groh?®, Sylvia Grosse?, Peter Haglund?®®, Pertti J. Hakkinen''®,

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

Michal Kirchner®®, Jan Koschorreck®®, Martin Krauss'?®, Jessy Krier'®, Marja H. Lamoree®’®,

Marion Letzel*, Thomas Letzel*'®, Qingliang Li''®, James Little™, Yanna Liu*®, David M. Lunderberg***®,
Jonathan W. Martin'’®, Andrew D. McEachran™®, John A. McLean®®, Christiane Meier’?®,

Jeroen Meijer’®®, Frank Menger''®, Carla Merino®"®, Jane Muncke?®, Matthias Muschket'2®,

Michael Neumann™®, Vanessa Neveu*' @, Kelsey Ng*#?®, Herbert Oberacher**®, Jake O'Brien’®,

Peter Oswald’®, Martina Oswaldova®, Jaqueline A. Picache™®, Cristina Postigo™®, Noelia Ramirez'**®,
Thorsten Reemtsma'2®, Justin Renaud®®®, Pawel Rostkowski"’ @, Heinz Riidel®®®, Reza M. Salek" @,

Saer Samanipour*®®, Martin Scheringer”#®, lvo Schliebner?®, Wolfgang Schulz*°®, Tobias Schulze'?®,
Manfred Sengl‘m, Benjamin A. Shoemaker''®, Kerry Sims®'®, Heinz S\'ngerMG, Randolph R. Singh"”@,
Mark Sumarah™®, Paul A. Thiessen''®, Kevin V. Thomas’®, Sonia Torres®®, Xenia Trier*®,

Annemarie P. van Wezel*®, Roel C.H. Vermeulen®*®, Jelle J. Viaanderen®, Peter C. von der Ohe?®,
Zhanyun Wang“@,Antony 1 Williams®®, Egon L. W'Mlighagen570, David S. Wishart™®®, Jian Zhang”D,
Nikolaos S. Thomaidis®®, Juliane Hollender?*#'®, Jaroslav Slobodnik*® and Emma L. Schymanski' @

U.S. National Library of Medicine

National Center for Biotechnology Information

Mohammed Taha et al. (2022)
DOI: 10.1186/s12302-022-00680-6

https://www.nist.gov/
people/benjamin-place

1,232 new CIDs!
(T
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I PFAS Suspect Lists — OntoChe

* OntoChem PFASlists 2?2 & 1,777,020
OntoChem PFAS from CORE - Definiton A 2 2 26,805
OntoChem PFAS from CORE - DefinitonB 2 2 4,115
OntoChem PFAS from CORE - DefinitonC 2 » 3,433
OntoChem PFAS from Google Patents - Definiton A 2 2 1,762,939
OntoChem PFAS from Google Patents - DefinitionB ? » 73,744
OntoChem PFAS from Google Patents - DefinitonC 2 » 33 648
v Other fluorinated chemical contentin PubChem 2 2 4 777 :
» MeSH: Fluorinated Hydrocarbons 2~ 417
MeSH: Chlorofluorocarbons 2 2 39
MeSH: Fluoroacetates 2 2 30
MeSH: Fluorobenzenes ? 2 104
MeSH: Fluorocarbons 2 2 121
CAMEO Chemicals: Fluorinated Organic Compounds 2 #1420
ChEBI: Organofluorine Compound ? & 1,372 —

https://pubchem.ncbi.nim.nih.gov/classification/#hid=120

B8 ontochem

=——Pub©hem

Digital Discovery
Webinar

|
r | |
oll® Today’s slides g J

Lot 0000 &

Google

RZ
X AH R’?
R’ AH R?
AH R?!

# PFAS in: Definition A Definition B Definition C

CORE 27,958 4,139 3.457
Documents

Google 1,783,651 75,108 34,197

Patents

Total 1,797,831 77,441 36,788

Barnabas et al. (2022) Digital Discovery.
DOI: 10.1039/D2DD00019A
More info: DOI: 10.5281/zenodo.7185579

U.S. National Library of Medicine

National Center for Biotechnology Information
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I PFAS Suspect Lists — CompTox — 42(!!!) PFAS Lists

v CompTox Chemicals Dashboard PFAS suspectlists 2 » 16,132 I

[CCL5PFAS] WATER|EPA: Chemical Contaminants - CCL 5 PFAS subset 2 # 10,218

[EPAPFAS75S1] PFAS|EPA: List of 75 Test Samples (Set1) 2  » 74

[EPAPFAS75S2] PFAS|EPA: List of 75 Test Samples (Set2) ? 2 76

[EPAPFASDW537] PFAS|EPA|WATER: Existing EPA DW Method 537.1 2 # 19
[EPAPFASDW] PFAS|EPA: New EPA Method Drinking Water 2~ 26
[EPAPFASDWTREAT] PFAS|EPA|WATER: Drinking Water Treatment Technology ? 2 9
[EPAPFASINSOL] PFAS|EPA: Chemical Inventory Insoluble in DMSO  ? 2 43
[EPAPFASINV] PFAS|EPA: ToxCast Chemical Inventory 2 2 427

[EPAPFASINVIVO] PFAS|EPA: In Vivo Studies Available ? 2 23

[EPAPFASLITSEARCH] PFAS|EPA: Literature Search Completed 2 2 23

: -Drinki 2..2..24

Assembly and Curation of Lists of Per- and
Polyfluoroalkyl Substances (PFAS) to
Support Environmental Science Research

o Antony J. Williams'*,

Charles N. Lowel,

Linda G. T. Gaines?, Christopher M. Grulke!",

Gabriel F. B. Sinclair?, Vicente Samano?, Inthirany

Thillainadarajah?, Bryan Meyer?, - Grace Patlewicz' and e Ann M. Richard®

Williams et al. (2022) DOI:10.3389/fenvs.2022.850019
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

EPA
I
CompTox Chemicals Dashboard

[PFASINVITRO] PFAS|EPA: List of chemicals tested in in vitro methods 2019-2020 ? » 182
1,499
[PFASLCMSGCMS] PFAS: Collection of GC-MS and LC-MS standards: Food Contact Materials ? » 38

[PFASKEMI] PFAS: List from the Swedish Chemicals Agency (KEMI) Report 2 2

I [PFASMASTER] PFAS Master List of PFAS Substances (Version2) 2 2 10,740

[PFASMASTERLISTV2] PFAS: V2 PFAS Master List of PFAS Substances ?  » 6,872
[PFASNORDIC] PFAS: Nordic PFAS Report 2019 2 2 202

[PFASNTREV19] PFAS: PFAS in Non-Target HRMS Studies (Liu etal 2019) ? 2 127

[PFASOECD] PFAS: Listed in OECD Global Database ? 2 3,722

[PFASOECDNA] NORMAN: List of PFAS from the OECD Curated by Nikiforos Alygizakis ? 2 3,203
[PFASPACKAGING] PFAS|EPA PFAS Substances in Pesticide Packaging 2 »# 8

[PFASSTRUCT] Navigation Panel to PFAS Structure Lists 2 » 14,701

[PFASSTRUCTV1] PFAS|EPA: PFAS structures in DSSTox (update March 2018) 72 » 4,333
[PFASSTRUCTV2] PFAS|EPA: PFAS structures in DSSTox (update November 2019) ? 2~ 6,614
[PFASSTRUCTV3] PFAS|EPA: PFAS structures in DSSTox (update August 2020) ?  » 8,121
[PFASSTRUCTV4] PFAS|EPA: PFAS structures in DSSTox (update August 2021) 2 » 10,739

I [PFASSTRUCTVS] PFAS|EPA: PFAS structures in DSSTox (update August 2022) 2 » 14,701

[PFASTDB] WATER|PFAS: PFAS Chemicals contained in the EPA Drinking Water Treatability Database ? » 38

[PFASTOXDB] PFAS: PFAS-Tox Database 7 # 43

[PFASTRIER] PFAS Community-Compiled List (Trier et al. 2015) ? » 592

[PRORISKPFAS] NORMAN)|List of PFAS Compiled from NORMAN-SusDat 72 2

3,360

[PFASTRI] PFAS: PFAS to the Toxics Release Inventory (TRI) Program by the National Defense Authorization Act 2 2 98

U.S. National Library of Medicine

National Center for Biotechnology Information
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Adding Regulatory Collections to the PFAS Tree

* PFAS and Fluorinated Compounds in PubChem 2

» OECD PFAS definition ? » 6,540,217
20,417,011

125,621

PFAS and fluorinated compound collections 2?2 2

-

Organofluorine compounds ? »

-

Other diverse fluorinated compounds  ?

-

» PFAS breakdowns by chemistry ? 7,497,376

21,411,181

1,789,296

POPRC slides available at
DOI: 10.5281/zenodo.7118551

ﬂ Regulatory PFAS collections 2 26,943
» Long-chain PFCAs (LC-PFCAs) and related substa
» PFHxS and related substances ? 719
» PFOA and related substances ? 25,543

» PFOA and related substances - exclusions ? 2

» PFOS and related substances ? 1,307

Thanks to Andreas Buser, FOEN, CH
https://pubchem.ncbi.nim.nih.gov/classification/#hid=120.

+ PFHxS and related substances ?

719

r

the Stockholm Convention ? 2

» [Annex A] PFHxS plus its salts and PFHxS-related compounds as defined in Annex A ofj
607

» [EU REACH] PFHxS (linear or branched) plus its salts and related substances according

kto EU REACH (draft definition) 2 2 719 )
» Compounds with a (C6F13)S moiety in PubChem by SMARTS  ? 719
» Compounds with a (C6F13)S(=0)(=0) moiety in PubChem by SMARTS ? 605

» Difference between Annex A and EU REACH definitions ? 112

Compounds that transform to PFHxS (via PubChem Transformations) ?

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

PFHxS and any branched isomers and their salts (included in PubChem) ? 62

PFHxS and branched isomer combined substructure query in PubChem ? 212 37
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Example: PFHXS in Stockholm Convention vs EU REACH

v Regulatory PFAS collections ? 26,943

» Long-chain PFCAs (LC-PFCAs) and related substances ?

* PFHxS and related substances ? 719

18,416

» [Annex A] PFHxS plus its salts and PFHxS-related compounds as defined in Annex A of the Stockholm Convention ? 2 607

» [EU REACH] PFHxS (linear or branched) plus its salts and related substances according to EU REACH (draft definition) 2 2 719

» Compounds with a (C6F13)S moiety in PubChem by SMARTS ? 719

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

[ » Difference between Annex A and EU REACH definitions ? 412

Compounds that transform to PFHxS (via PubChem Transformations) ?

Initial indicative list of PFHxSYl ~ Difference between Annex A and EU REACH definitions 2 442 ] —

PFHxS and any branched is PFHxS in EU REACH but not Annex A-all 2 142
PFHXS and any branched is fPFHXS in EU REACH but not Annex A - annotation 'Literature’, 'Use’, 'Safety’, Toxicity' 2 14
BRI Ll Ls PFHxS in EU REACH but not Annex A - annotation 'Use and Manufacturing' ? 5§

PFHxS in EU REACH but not Annex A - annotation 'Use and Manufacturing', 'Literature' ? 44

.

https://pubchem.ncbi.nim.nih.gov/classification/#hid=120

- c 4 - o
m U.S. National Library of Medicine
National Center for Biotechnology Information °
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I PFHXxS cont.: How can you find what is relevant for you? i

SEARCH FOR

pounds in PubChem[ Difference between Annex A and EU REACH definitions ] Q!

e

Treating this as a previously computed list of identifiers.

Compounds

112 results = Filters ] SORT BY Relevance 4 | DOWNLOAD

Summary (Search Results)

1-(Pentafluorothio)-tridecafluorohexane; BRN 1894085;

\088%{ HEXANE, 1-(PENTAFLUOROTHIO)-TRIDECAFLUORO-; 1423-20-7;
“Tn Perfluorohexylsulfurpentafluoride; ...

COMPRESSION:
Compound CID: 15017
@ None O GZip
MF: CgF1eS MW: 446.1g/mol
IUPAC Name: pentafluoro(1,1,2,2,3,3,4,4,5,5,6,6,6-tridecafluorohexyl)-lambda6-sulfane
Isomeric SMILES: C(C(C(C(F)(F)S(F)(R)(F)(F)R(FF/(F)F(C(CF)(F)F(FF)(FF Chemical Structure Records
InChlKey: GVPQTQICQWIEKB-UHFFFAOYSA-N
SDF g JSON @ XML @ ASNT
INnChl: INChl=1S5/C6F18S/c7-1(8,3(11,12)5(15,16)17)2(9,10)4(13,14)6(18,19)25(20,21,22,23)24
Create Date: 2005-08-08 COORDINATE TYPE:
2D 3D U.S. National Library of Medicine
Summary Similar Structures Search Related Records @ O m) National Center for Biotecl:)rfology Information
COMPRESSION:

seicss 39

[ ]
@t Ot mi.lu
[ ]
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I Download files contain additional information...

e e N L R R e
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cid _cmpdnamscmpdwn mw mf polararea complexit xlogp heavycnt hbonddon hbondace rotbonds isosmiles canonicals inchikey iupacnamelexactmass monoisotc
15017 Hexane, 1- HEXANE, 446.1 C6F135 1 530 8.2 25 ] 18 A InChi=18/C C(C{C(C(F) C(C(C(C{F) GVPATQIC pentafluor] 445.943  445.943
2827766 4-methyl-I MULL 597.4 C19H12F13 79.8 895 7.9 37 1 17 9 InChi=15/C CC1=CC=C{ CC1=CC=C{ XVAIFAXEE 4-methyl-I 597.01 597.01
2827776 4,6-dichlor MULL 591.2 C15H5CI2F 76 732 8.8 35 1 18 8] InChi=15/C C1=CC=C(C C1=CC=C{C GAUUMFMN 4,6-dichlor 589.94 589.94
2827778 6-chloro-2- MULL 571.7 C15H7CIF1 102 741 7.5 35 2 19 8l InChl=15/C C1=CC=C(C C1=CC=C(C XICRCGPU! 6-chloro-2- 570.99 570.99
2827780 2-N,2-N-di MULL 580.4 C17H13F13 105 781 7 37 2 20 9 InChi=15/C CN{C)C1=h CN(C)C1=N KBFCJWZW 2-M,2-N-di| 580.071  580.071
3021589 Tridecafluc Tridecaflu 386.56 CACIF135 25.3 385 5.8 21 ] 14 MInChi=15/Cc{c({c{C(F) C{C{C{C(F) BEDWVNYV 1,1,2,2,3,3, 385.92 385,92
3023059 Bis(trideca Bis[tridecel 702.2 C12F2652 50.6 832 10 40 o 28 11} InChl=15/C C{C{C[C(F) C[C|C{C[F) OCCOAYP(1,1,1,2,2,3,] 701.903  701.903
10092845 Butyl(tride SCHEMBLS 408.22 C10H9F135 25.3 425 6.7 24 ] 14 8l InChi=15/C ccCCsc{cf cCcocosc{C{ UWLAEIRV 1-butylsull| 408.022  408.022
10971025 Tridecaflut Tridecaflu) 384.12 CoHF1302! 56.5 452 3.9 22 1 16 SlInChi=15/Cc{C({C{C(F) C{C{C{C(F) I¥YLWCKNC1,1,2,2,3,3,] 383.949  383.949
11048550 1-Fluoro-4 SCHEMEBLS 446.2 C12HAF145 25.3 517 7.1 27 o 15 61InChI=15/C C1=CC({=CC C1=CC{=CC GUZURVMI1-fluoro-4-] 445981  445.981
11245889 1-Ethenyls MULL 378.16 CBH3F135 25.3 420 5.9 22 ] 14 6 InChl=15/C C=CSC|{C(C C=CSC(C|[C ICKCZVFDL 1-ethenyls| 377.975  377.975
11327892 1-(2-Chlort MULL 430.61 C8HACIF13 36.3 485 4.4 24 ] 15 7\InChi=15/C c{CCl)5{=C C{CCl)5(=C RMJKQZOT1-(2-chlorc] 429.946  429.946
11338428 2-(1,1,2,2,Z MULL 396.17 CBHSF130 45.5 415 4.8 23 1 15 7\InChl=15/C c{CSC{C(C| C{CSC[C{C{ XXEUTYHG 2-(1,1,2,2,7] 395.985  395.935
11362001 1-(2-Chlort MULL 414.61 CBHACIF13 25.3 415 6 23 ] 14 7\InChi=15/C c{CCl)sc{C C{CCl)SC({C NRIXEAPPI1-(2-chlorc]) 413.951  413.951
11930355 Copper;4,4 NULL 2822.7 Co4HAACUF 238 3300 MULL 167 ] 102 48] InChi=15/C C1CN{CCN C1CN{CCN BWMAQK\ copper;:4,4 2821 2821
11990356 1,4,8,11-Te1,4,8,11-Tq 1776.9 C42H36F52 153 2660 15.1 106 o 64 32}InChi=15/C CICN{CCN C1CM(CCM WXIBLQLL(1,4,8,11-te| 1776.08 1776.08
12635301 1-Chloro-4 MULL 462.66 C12HACIF1 25.3 522 7.6 27 ] 14 6InChl=15/C C1=CC{=CC C1=CC{=CC XOQJHQBC 1-chloro-4.| 461.951  461.951
12996310 [(1beta4b [[1beta 4k 450,26 C13H9F13C 36.3 680 5.1 28 ] 15 6/InChl=15/C C1[C@@&H C1C2CC(C1 SFIGAKQS! (1R, 4R,5R)-] 460.017  460.017
12996311 (1R,4R,55)- MULL 460.26 C13HI9F13C 36.3 630 3.1 28 o 15 6] INChI=1S/C C1[C@@H C1C2CC(C1 SFIGAKQSI (1R, 4R,55)-] 460.017  460.017
13213429 [(Tridecafl [[Tridecaf 428,21 C12H5F135 25.3 490 7 26 ] 14 6 InChl=15/C C1=CC=C{C C1=CC=C{C OOARTWE 1,1,2,2,3,3, 427.99 427.99
13410186 (4-Methylg (4-Methyl 442,24 C13HT7F135 25.3 517 7.4 27 ] 14 6 InChl=15/C CC1=CC=C{ CC1=CC=C{ MBZVAVG! I-methyl-¢] 442.006 442.006
14544789 1,1,1,2,2,3, SCHEMBLS \ 366.14 CYH3F135 25.3 381 5.4 21 0 14 nChl=15/C CSC({C(C(C{ CSC{C{C(C| PXEUPPDZ 1,1,1,2,2,3) 365.975  365.975
. . - ° ccccee
PubChem PFAS Tree: https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120 NIH) i amsiiod (1111 I Il ‘ s31858 40

Docs: https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS Tree.pdf?inline=false

Basic properties — name, identifiers, SMILES, XlogP, mass, formula etc.
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I Download files contain additional information...
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Basic properties — name, identifiers, SMILES, XlogP, mass, formula etc.

2827776 4,6-dichlor

2827778 6-chloro-2-

2827780 2-M,2-N-di

3021589 Tridecaflue

3023059 Bis(trideca
10092845 Butyl(tride
10971025 Tridecaflus
11048550 1-Fluoro-4
11245889 1-Ethenyls
11327892 1-(2-Chlory
11338428 2-(1,1,2,2,2
11362001 1-(2-Chlory
11930355 Copper;4,4
11990356 1,4,8,11-Te
12635301 1-Chloro-4
12996310 [{1beta4b
12996311 (1R,4R,55)-
13213429 [(Tridecafl
13410186 (4-Methylg
14544789 1,1,1,2,2,3,

_cmpdname cmpdsynofmw
15017 Hexane, 1- HEXAME,
2827766 4-methyl-I MULL

PubChem PFAS Tree: https://pubchem.ncbi.nim.nih.gov/classification/#hid=120
Docs: https://qitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS Tree.pdf?inline=false

mf polararea complexit xlogp heavycnt hbonddon hbondace rotbonds Yinchi isosmiles canonicals inchikey iupacnamelexactmass monoisotc

446.1 C6F185 1 530 8.2 25 0 18 AInChI=18/C C(C{C(C(F) C(C(C(C(F) GVPATQIC pentafluor| 445943 445,943

597.4 C19H12F13 79.8 835 7.9 37 1 17 91 InChI=15/C CC1=CC=C{ CC1=CC=C{ XVAIFAXEE4-methyl-I] 597.01  597.01

' ' ' ' ' ' ' ' "= - - MFM 4,6-dichlor| 583.34  589.94

GPU(6-chloro-2-|  570.89  570.99

HEXANE, 1-(PENTAFLUOROTHIO)-TRIDECAFLUORO-; 1423-20-7; Wﬁ:i;‘;;‘;‘ 523;‘;; 523;‘;;

1-(Pentafluorothio)-Tridecafluorohexane; BRN 1894085; AYP(11122.3| 701902 701503

S Perfluorohexylsulfurpentafluoride; ... EIRVLbutylull] 408.072| 408.022

,3,] 383.949  383.949

Compound CID: 15017 Property Name Property Value -4-| 445381  445.981

yls| 377.975 377.975

MF: CgF15S MW: 446.1g/mol : orc|  429.946  429.946

' Molecular Weight 446.10 g/mol 2:| 395985 395385

IUPAC Name: pentaflu0r0(1,1,2,2,3,3,4,4,5,5,6,6,6—1 ore| 413951 413.951

Isomeric SMILES: C(C(C(C(R)(F)SFFFFPFRFE XLOIP3-AA 8.2 al 2821 281

te| 1776.08 1776.08

InChlIKey: GVPQTQICQWIEKB-UHFFFAOYSA-N Hydrogen Bond Donor Count 0 -4-|  461.951  461.951

InChl: InChl=1S/C6F18S/c7-1(8,3(11,12)5(15,16)17 k)| 460017, 450.017

Hydrogen Bond Acceptor Count 18 b)| 460.017  460.017

Create Date: 2005-08-08 ,3,] 42799 427.99

I-<| 442.006 442.006

. Rotatable Bond Count % -yt 365.975  365.975

Summary Similar Structures Search Related Records

Exact Mass 4459433281 g/mol

U.S. National Library of Medicine

National Center for Biotechnology Information

° ceeces
wni.In | e
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I Download files contain additional information...

Literature and patent counts, source & date, annotation & deposition categories

4 A (| & | AD | AE 7 AF | AG ( AH LAl ],eu Ir AK AL T AM .\ AN
1 |cid pclident  gpident  gpfamilycr heighborty meshhead annothits annothitcr elids ridcdate  sidsrcname depcatg alnotation
2 | 15007 o 17 5 pD NULL Classification | Patents | Toxicity | Use and Manui 4 MULL | 20050808 ABI Chem | BenchChem |Chg Chemical Vendors|Curation Efforts | Govern NULL
3 | 282776 1] 1] 0 pD+3D MULL Classification 1 MULL | 20050728 ABI Chem|Chem-Space.cor Chemical Vendors | Legacy Depositors|Rese MULL
4 | 282776 0 0 0 pD MNULL Classification 1 MULL | 20050728 ABI Chem | Aurora Fine Cheh Chemical Vendors|Legacy Depositors | Rese NULL
5 | 282778 1] 1] 0 pD MULL Classification 1 MULL | 20050728 ABI Chem |Chem-Space.cori Chemical Vendors|Legacy Depositors | Rese NULL
6 | 28277%0 1] 1] 0D MULL Classification 1 MULL | 20050728 ABI Chem|Chem-Space.cori Chemical Vendors | Legacy Depaositors | Rese NULL
7 | 3021583 0 12 3 PD+3D NULL Classification | Patents|Use and Manufacturing 3 MULL | 20050808 ABI Chem|Achemica|Alfa @ Chemical vendors | Curation Efforts| Govern NULL
8 | 3023089 i} 0 0 pD NULL Classification | Use and Manufacturing 2 MULL | 20050808 ABI Chem|Alfa Chemistry | ¢ Chemical Vendors | Curation Efforts | Govern MULL
8 | 10092835 0 2 1 p0+3D MNULL Classification | Patents 2 MULL | 20061025 ChemSpider| DiscoveryGatd Curation Efforts | Governmental Organizatio NULL
10| 10971095 1 16 & PD+3D MULL Classification | Literature | Patents | Use and Mar 4 MULL | 20061026 A2B Chem | AA BLOCKS | Accg Chemical Vendors| Curation Effarts | Govern NULL
11| 1104850 1 1 1 PD+3D NULL Classification | Literature | Patents 3 MULL | 20061026 ChemSpider | DiscoveryGatd Curation Efforts | Journal Publishers|Legacy NULL
12 | 11245883 1] 1] 0§D MULL Classification 1 MULL | 20061026 ChemsSpider | DiscoveryGatg Journal Publishers|Legacy Depositors | Rese NULL
13 | 11327892 1] 1] 0 pD+3D MULL Classification 1 MULL | 20061026 ChemsSpider|DiscoveryGatg Journal Publishers|Legacy Depositors | Rese MULL
14| 11338498 0 0 0 pD+3D MNULL Classification 1 MULL | 20061026 ChemSpider|DiscoveryGatd Journal Publishers|Legacy Depositors | Rese NULL
15 | 11362001 1] 1] 0 pD+3D MULL Classification 1 MULL | 20061026 ChemSpider|DiscoveryGatd Journal Publishers | Legacy Depositors | Rese NULL
16 | 119903§5 1] 1] 0 NULL MNULL Classification 1 MULL | 20070205 ChemSpider | DiscoveryGatd Journal Publishers|Legacy Depositors | Rese NULL
17 | 11930356 1] 1] 0 gD MULL Classification 1 MULL | 20070205 ChemsSpider | DiscoveryGatd Governmental Organizations | Journal Publis NULL
18 | 12635301 0 o 0 pD MNULL Classification | Patents 2 MULL | 20070208 PATENTSCOPE (WIPO) Governmental Organizations MULL
19| 12996340 1] 1] 0 pD+3D MULL Classification 1 MULL | 20070208 ChemSpider|Japan Chemich Governmental Organizations|Legacy Depos NULL
20 | 12996341 1] 1] 0 pD+3D MULL Classification 1 MULL | 20070208 ChemSpider Legacy Depositors | Research and Developm NULL
21| 13213443 o 6 1 PD+3D NULL Classification | Patents|Use and Manufacturing 3 MULL | 20070208 ChemTik | DiscoveryGate | EQ Chemical Vendors | Curation Efforts | Govern NULL
22 | 134101¢6 1] 1] 0 pD+3D MULL Classification 2 IULL | 20070208 Japan Chemical Substance [y Governmental Organizations MULL
23 | 145447 ‘3 0 5 EJ 'D+3D MNULL elassification | Patents 3 NULL LEOU?{IE{]S ECI Group, LCSB, University f Curation Efforts | Research and Developmen NULL
U.S. National Lib £ Medici o cceces
PubChem PFAS Tree: https://pubchem.ncbi.nim.nih.gov/classification/#hid=120 m Nc;ﬁc'malie'lgg?or B'iotﬁgoigy Infm_r'nca::oi “ ll l . I “ seicse 42

Docs: https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS Tree.pdf?inline=false
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PFAS

Tree

I Download files contain additional information...

Literature and patent counts, source & date, annotation & deposition categories

( ) [

4 A AC | AaD | AE || A | AG ( AH LA “ S I AL

1 |cid pclident  gpident  gpfamilycr heighborty meshhead annothits annothitcr elids ridcdate  sidsrcname

2 | 15007 o 17 5 pD NULL Classification | Patents | Toxicity | Use and Manui 4 20050808 ABI Chem |BenchChem |G
3 | 282776 1] 1] 0 pD+3D MULL Classification 1 20050728 ABI Chem |Chem-5Space.ci
4 | 28277 0 n nEn ML Classification 1 20050728 ABI Chem | Aurora Fine Ch
5 28277 H V4 1 20050728 ABI Chem | Chem-Space.ci
6 | 28277 8 Use and ManUfaCturlng @ I-_I 1 20050728 ABI Chem | Chem-Space.c
7| 302 3 20050808 ABI Chem | Achemica | Alfz
8 | 3023049 8.1 Uses @ Z 2 20050808 ABI Chem | Alfa Chemistry
9 | 100928 \ 2 20061025 ChemsSpider | DiscoveryGs
10| 109710 ! EPA CPDat Chemica I Dondisnt £at : . A % 2B Chem | AA BLOCKS | A
1] 11048540 8.2 Methods of Manufacturing \ 4 hemspider| DiscoveryGa
12| 1124 1item N\ hemspider | DiscoveryGs
13 | 113278 Perfluoroalkanesulfonyl fluorides are . \ /."
14| 113384 Category which a hydrocarbon sulfonyl fluorid 8.3 U.S. Production @ l__l
15 113620 used as a stain or wall The electrochemical yield is excellel production volumes for non-confidential chemicals reported under the Inventory Update Rule.
16| 113503 with the increasing length of the car v Production R ( a5
:?8; E:;g:ﬂ ?’f—’ i’?}fmg? a”dl Alkaline hydrolysis of perfluoroalkan - rocteon Tange fpotines

cientific Data, vo T

— acidified and distilled from concentra 1986 No Reports
N 19963 » EPA Chemical a fl 1k Ifoni id 1990 No R
20| 129963 /Perfluoroalkanesulfonic Acids/ o Reports
21| 13213489 o Siegemund G et al; Fluorine Compounds,| 1994 10 thousand - 500 thousand
22| 13410146 0 NY, NY: John Wiley & Sons. Online Posti 1998 No Reports
23 | 143447 ‘E o » Hazardous Substances Data Bank (H§ 5505 10 thousand - 500 thousand

US EPA; Non-confidential Production Volume Information Submitted b;

» Hazardous Substances Data Bank (HSDB)

Inventory Update Rule (IUR). 1-Octanesulfonic acid, 1,1,2,2,3,3,4,4,5,5,6,6,7,
Available from, as of November 2, 2010: https.//www.epa.gov/oppt/iur/tools/da

ompanies for Chemicals Under the 1986-2002
8,8,8-heptadecafluoro- (1763-23-1).
a/2002-vol html

~ PubChem Compound TOC ? 67,343,260

l » Agrochemical Information ? 3,135 ]

Associated Disorders and Diseases 2 30,136

[»

» Biological Test Results 2

Biologic Description ? 2 511,444
4,567,078
» Chemical and Physical Properties ? 268,878

» Classification ?

22,965,005
Drug and Medication Information 2 21,177]

Food Additives and Ingredients 2 7,627]

Identification 2 4,808]

» Information Sources ? 47,725,078

Interactions and Pathways it 207,277 I

» Literature ? 4,076,955

» Names and Identifiers ? 7,021,765
» Patents ? 39,104,437

Pharmacology and Biochemistry ? 414,060 J

» Related Records ?

13,282,616
Safety and Hazards ? 184,712 ]

» Spectral Information ? 1,576,070

» Structures ? 11,819,155

PubChem PFAS Tree: https://pubchem.ncbi.nim.nih.gov/classification/#hid=120
Docs: https://qitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS Tree.pdf?inline=false

U.S. National Libre
National Center for Biote

Toxicity ? 118,115]
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Use and Manufacturing 107,948



https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS_Tree.pdf?inline=false
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS_Tree.pdf?inline=false

MetFrag

*rag

Database Settings

Integration of MetFrag and Pub@hem PFAS Tree

https://msbi.ipb-halle.de/MetFrag/

In silico fragmentation for computer assisted identification of metabolite mass spectra

Slides available at DOI:
10.5281/zeno0do.6461325

# Molecule

Identifier

Mass ‘

Formula

Normalized Scores

‘ FinalScore ‘

Details

Database: | PubChem_OECDPFAS_Iz ~ ]
Ko Peaks: 2/ 2
Neutral Mass: Search ppm: cb
FRmILla; [ | 1 5 — 789.98233 | CigHoF2604P & 3.9607
Identifiers: ’ ] 1‘2_7(1_/—/ ZDYYWMSLMLTXDM “ _m
Retrieve Candidates l &) 15 Candidates
Weights Peaks: 2/2
MetFrag (1st) W”" 87318203
2 “ﬁ_s_‘%( 789.98233 | CqgHoF2604P 1.4607
InChlKeyBlock1 =
ExactSpectralSimilarity (2nd) KYZFNWUVSNMKOP
AnnotHitCount (3rd)
Patent_Count (4th) 1 Peaks: 2/ 2
PubMed_Count (5th) J ﬁ 121302506
3 N 789.98233 | CqgHoF2604P 1.4607
InChlKeyBlock1 =
- +Z—Z_:F CHLHGUCQTZMWTA
SETAC EUROPE 32" ANNUAL MEETING
15-19 MAY 2022 | COPENHAGEN, DENMARK + ONLINE & .
0.0 0.2 0.4 0.6 0.8 1.0

https://msbi.ipb-halle.de/MetFrag/ with
https://massbank.eu/MassBank/RecordDisplay?id=EA292203

Ruttkies, Schymanski et al. (2016) DOI: 10.1186/s13321-016-0115-9



https://link.springer.com/article/10.1186/s13321-016-0115-9
https://msbi.ipb-halle.de/MetFrag/
https://massbank.eu/MassBank/RecordDisplay?id=EA292203
https://msbi.ipb-halle.de/MetFrag/
https://doi.org/10.5281/zenodo.6461325
https://doi.org/10.5281/zenodo.6461325

Chemical Stripes in R - for patents & literature

A total of 32461 patents were found for CID 74483

32460 patents were processed for CID 74483

Your stripes have been saved as png_74483_1960_2021.png 1in your folder C:/Users/dagny.aurich/Documents/R_stripes/png_74483_1960_2021.png

Chemical Stripes for Perfluorooctanesulfonic acid
PubChem CID: 74483

IUPACName: 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluorooctane-1-sulfonic acid
Molecular Formula: C8BHF1703S
Exact Mass: 499.9374938

- 1500

1000

500

1965 1971 1977 1983 1989 1995 2001 2007 2013 2019
date

Depositor-supplied patent numbers

[ ecccoe
il | e
Aurich et al (2023). SETAC Presentation, DOI: 10.5281/zenodo.7885031 and https://qitlab.lcsb.uni.lu/eci/chemicalstripes



https://gitlab.lcsb.uni.lu/eci/chemicalstripes
https://doi.org/10.5281/zenodo.7885031
https://gitlab.lcsb.uni.lu/eci/chemicalstripes

Chemical Stripes in R
Patents & literature

Schymanski et al.(2023) DOI: 10.26434/chemrxiv-2023-j823z
https://qgitlab.lcsb.uni.lu/eci/chemicalstripes

Chemical Stripes for Perfluorooctanesulfonic acid Patents

PubChem CID: 74483
First patent: 1913

1500
1000

1965 1971 1977 1983 1989 1995 2001 2007 2013 201 9
date

Depositor-supplied patent numbers

Chemical Stripes for Perfluorooctanesulfonic acid Literature

PubChem CID: 74483
First reference: 1981

I | I| 200

1965 1971 1977 1983 1989 1995 2001 2007 201 3 2019
date

Consolidated reference numbers
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https://gitlab.lcsb.uni.lu/eci/chemicalstripes
https://doi.org/10.26434/chemrxiv-2023-j823z
https://gitlab.lcsb.uni.lu/eci/chemicalstripes

‘Summarized” Chemical Stripes in R

Summarized Chemical Stripes - EU REACH C9-C14 PFCAs

Patent data compiled from 230 CIDs
First patent of all selected CIDs: 1951 (CID(s): 67822,67821,67545,9555 )

l 900
600
300

.

1965 1971 1977 1983 1989 1995 2001 2007 2013 2019
date

Depositor-supplied patent numbers

oooooo
000000

https://qgitlab.lcsb.uni.lu/eci/chemicalstripes
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The Chemical Stripes and Patent Data

(live stripe calculations during SETAC 2023)

Chemical Stripes for Tetrafluoroboric acid

l 2000
1500
1000
I 500
1 o 1

1965 1971 1977 1983 1989 1995 2001 2007 2013 2019
date

Depositor-supplied patent numbers

Chemical Stripes for Lithium tetrafluoroborate

&t
AV @ I 2000
; ) 1500
—— 1000
‘ . 3 I 500

| { 0
SETA ; I “
.

1965 1971 1977 1983 1989 1995 2001 2007 2013 2019
date

Depositor-supplied patent numbers

Left: Neuwald et al, STOTEN, DOI: 10.1016/L.scitotenv.2023.163921 1Rl
Photo of Daniel Zahn, UFZ at SETAC Europe, 30 April — 4 May, 2023. Image reused with permission
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I Read/see more about the Pub@hem PFAS Tree

7~ N

* PFAS and Fluorinated Compounds in PubChem ?

21,411,181

» OECD PFAS definition ? »

6,540,217

» Organofluorine compounds ? 2

|

PFAS and Fluorinated Compounds in PubChem Tree

Emma L. Schymanski'*, Parviel Chirsir', Todor Kondic?,
Paul A. Thiessen®. Jian Zhang? and Evan E. Bolton®*

11 September 2023

! Luxembourg Centre for Systems Biomedicine (LCSB), University of Luxembourg, 6 avenue du Swing,
4367, Belvaux, Luxembourg. *ELS: emma.schymanski@uni.lu. ORCIDs: ELS: 0000-0001-6868-8145, PC:
0000-0002-9932-8609, TK: 0000-0001-6662-4375.

? National Center for Biotechnology Information (NCBI), National Library of Medicine (NLM), National
Institutes of Health (NIH), Bethesda, MD, 20804, USA. *EEB: evan.bolton@nih.gov. ORCIDs: PAT:
0000-0002-1992-2086, JZ: 0000-0002-6192-4632, EEB: 0000-0002-5959-6190.

Preamble

This document describes the “PFAS and Fluorinated Compounds in PubChem Tree” (hereafter “PubChem
PFAS Tree”) in PubChem [1], developed jointly between PubChem (NCBI/NLM/NIH) and the Environmental
Cheminformatics group (ECI) at the LCSB, University of Luxembourg, in consultation with several communi
representatives (see Contributions and Acknowledgements). The PubChem PFAS Tree (see Figure 1 ayd
Contents listing) includes all compounds in PubChem satisfying various definitions, as explained later in
document. Note that each compound in PubChem has a PubChem Compound Identifier (CID), and the
numbers next to each node header reflects the number of compounds (i.e. CIDs) in that node.

More details on the general PubChem Classification Brower features are given in the Section Exploring the
T iho Dbl ] x g o Lo

CEETETIEE S0 T CTR T [ TP s ETE SR ST Y S0 DWSTTO SN DO PP S AT FTCE Rl b ATne e

How To Submit Browse About News &

Chem:~ v

Per- and polyfluoroalkyl substances (PFAS) in PubChem:
7 million and growing
22 June 2023, Version 1

Working Paper

Emma Schymanski ', Jian Zhang, Paul Thiessen, Parviel Chirsir, Todor Kondic,
Evan Bolton

DOI: 10.26434/chemrxiv-2023-j823z

Show author details v

for njlore information. Further information inciuaes two videos on the ZeroPrM YouTube rchanncl, a ~23 min
interactive walkthrough (Jun. 2022) and a ~1 hour webinar (Mar. 2023) [2], plus a preprint on ChemRxiv [3].

Interactive walk-through (~23 min)
https://www.youtube.com/watch?v=g-sAazaagas
Detailed webinar (1 hr)

https://www.youtube.com/watch?v=jkdvCs4pGzU

00 00
c00 00
cor-0 oo
L Nol X N1
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comOOe
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* PubChem Compound TOC ?
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»
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Biological Test Results ? 4,567,078
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Literature ? 4,076,955

Names and Identifiers ? 7,021,765

Patents ? 39,104,437

Pharmacology and Biochemistry 2 114,060

Related Records ? 13,282,616

Safety and Hazards ? 184,712

Spectral Information ?

1,576,070

Structures ? 11,819,155

Toxicity ? 118,115

* PFAS and Fluorinated Compounds in PubChem ?

b

b

OECD PFAS definition 2 2

Organofluorine compounds 7 A

Other diverse fluorinated compounds 2

PFAS and fluorinated compound collections

2 21,411,181

6,540,217
20,417,011

125,621

? 2~ 1,789,296

PFAS breakdowns by chemistry ?

7,497,376

Regulatory PFAS collections ?

? 26,943

Use and Manufacturing 2 107,948

“Saved Searches” option

¥ Downdgad

ACTIONS ON RESULTS WITH ID TYPE:

Compounds

1 Push to Entrez 4

Schymanski et al.(2023) DOI:
10.26434/chemrxiv-2023-i823z

Y ¥

*

ACTIONS ON RESULTS WITH ID TYPE:

Compounds

Download v

Push to Entrez B4

v H W  Saved as MassBank EU v ]

Linked Data Sets

[ ‘p’:{ Save for Later
8

v

8

Linked Data Sets v

seiczs 20


https://doi.org/10.26434/chemrxiv-2023-j823z

I Advanced Queries

* PubChem Compound TOC ?

67,343,260

»

Agrochemical Information 2 3,135

»

»

Associated Disorders and Diseases 7 30,136

Biologic Description 2 2,511,444

Biological Test Results ? 4,567,078

G _

Chemical and Physical Properties ? 268,878

Classification ? 22 965,005

Drug and Medication Information 2 21,177

Food Additives and Ingredients 2 7,627

Identification ? 4,808

Information Sources ? 47,725,078

Interactions and Pathways ? 207,277

Literature ? 4,076,955

Names and Identifiers ? 7,021,765

Patents ? 39 104,437

Pharmacology and Biochemistry 2 114,060

Related Records ? 13,282,616

Safety and Hazards ? 184,712

Spectral Information ? 1,576,070

Structures 72 11,819,155

118,115

Use and Manufacturing ?

Toxicity ?

107,948

* PFAS and Fluorinated Compounds in PubChem 2 2

»

4

OECD PFAS definition 2 2

Organofluorine compounds  ?

Other diverse fluorinated compounds 2

PFAS and fluorinated compound collections 7?2 »

21,411,181
6,540,217
7 20,417,011
125,621

1,789,296

PFAS breakdowns by chemistry

? 7,497,376

Regulatory PFAS collections ?

QUERY 1

Choose One

26,943

OPERATOR

VHAND

Schymanski et al.(2023) DOI:
10.26434/chemrxiv-2023-j823z

“Saved Searches” option

QUERY 2 (OF THE SAME ID TYPE AS QUERY 1)

QUERY ID TYPE LIST SIZE
OECD PFAS in PubChem AND Agrochemicals AND Collision Cross D >7
Section (CCS)

OECD PFAS in PubChem AND Agrochemicals AND MassBank EU CID 71
OECD PFAS in PubChem AND Agrochemicals CID 306

MassBank EU

Collision Cross Section (CCS)

Agrochemicals

OECD PFAS in PubChem

DOWNLOAD X M

Summary (Search Results)

COMPRESSION:

© None O GZip

6,564

3,135

7,497,376

v ‘ ‘ Choose One v ‘

EXPIRES IN ACTIONS ON YOUR RESULTS
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7 hours ) View Results i Delete
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7 hours ® View Results i Delete

) View Results i Delete

7 hours ® View Results i Delete

7 hours ) View Results i Delete

7 hours \ ® View Results ) i Delete
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The source of PFAS data in Pub(Clhem ?

-
Pub@hem 13C3-PFHXS (Compound)

i :  Wlor [N

https://tarheels.Iive/b‘akerlb/

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,@Ef Rainer Lohmann, £ ¢ Carla A. Ng,@h
Xenia Trier' and Zhanyun Wang' 150.51 A% [M-H]" [CCS Type: DT; Buffer gas: N2; Dataset: PFAS]
-
Glijge 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 Bugsel, R Bauer, F Herrmann, ME Maier, C Zwiener (2022) Analytical and Bioanalytical © : :
Chemistry, 414, 1217-1225 doi:10.1007/s00216-021-03463-9 PUb hem Perfluorononanoic acid (Compound)
Accession ID MSBNK-ACES_SU-AS000012
i i WGy WS
Authors ACESX, Martin Group
Instrument QExactive Orbitrap HF-X (Thermo Scientific)
391ed2b0ea221bd037
) , Instrument Type LC-ESI-QFT
I f Hide Peak Labels
‘IJ 'F! 1000 o™ m-““t’m
|’ / 4GP
. S o
MU
Reference for Dataset S74 | REFTPS | Transformation Products and Reactions from Literature Paiel
doi:10.5281/zenodo.4318838 Ch . .
| rSl r 0 1125 225 3375 450
» NORMAN Suspect List Exchange R and many more! @PChlrS|r m,

58 o2

/2
Bugsel et al. (2022) ABC, 414, 1217-1225. DOI:10.1007/s00216-021-03463-9 https://twitter.com/AcademicTox/“ || nn ‘ oot
status/1605997310726443009 . e

https://pubchem.ncbi.nim.nih.gov/compound/156620404#section=1H-NMR-Spectra



https://doi.org/10.1039/d0em00291g
https://doi.org/10.1007/s00216-021-03463-9
https://twitter.com/AcademicTox/status/1605997310726443009
https://twitter.com/AcademicTox/status/1605997310726443009
https://twitter.com/PChirsir
https://tarheels.live/bakerlab/

P v

ELSEVIER

FAIRifying PFAS TPs

© 3,3,44,5,5,6,6,7,7,8,8,8-Tridecafluorooctan-1-ol (Compound)

7.1 Transformations

Q Search SORT BY Predecessor Name

29 items hepatOCYteS

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

Metabolic products and pathways of
fluorotelomer alcohols in isolated rat

https://doi.org/10.1016/j.cbi.2005.06.007

Jonathan W. Martin ? & &, Scott A. Mabury °, Peter ). O’Brien 2

Show more

Predecessor Predecessor Successor Successor Transformation Enzyme Evidence

+ Add to Me
Name Name

https://doi.org/1l

y 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.

6:2 FTOH- : . ;. '
6:2 FTOH Conjugation 10.1016/j.cbi.2005.06.007
Sulfate

62 FTOH- . : o
6:2 FTOH Gluc Conjugation 10.1016/j.cbi.2005.06.007

Fra

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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6:2 FTOH 6:2 FTAL Oxidation 24296 10.1016/).cbi.2005.06.007

https://pubchem.ncbi.nim.nih.gov/compound/69537#section=Pharmacology-and-Biochemistry
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Open Transformation Products Workflows in patRoon 2.0
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I Take home messages

* Open data & suspect lists support NT-HRMS workflows
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High Quality Mass Spectral Database
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Take home messages

Pub@hem

PFAS Tree

* Open data & suspect lists support NT-HRMS workflows

* There really are >7 million PFAS
in PubChem!

v PFAS and Fluorinated Compounds in PubChem 2?2 » 21,411,181
v OECD PFAS definiton ? 2 6,540,217
» Molecule contains isolated CF2 2  §75,776
» Molecule contains isolated CF3 ?  5747,364
» Molecule contains PFAS parts larger than CF2/CF3 2?2 229,607
» Organofluorine compounds ? 2 20,417,011
» Other diverse fluorinated compounds ? 125,621

» PFAS and fluorinated compound collections 2 » 1,789,296

» PFAS breakdowns by chemistry ? 7,497,376

» Regulatory PFAS collections ? 26,943

1.}
Schymanski et al (2023) DOI: 10.26434/chemrxiv-2023-j823z & https://pubchem.ncbi.nim.nih.gov/classification/#hid=120 “ I" ¢ “
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https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

I Take home messages

* Open data & suspect lists support NT-HRMS workflows

Our Chemical Past, Present, and Future

|

* There really are >7 million PFAS =
in PubChem! -l G
. Y R _I In I I % 10 Mio
 Annotation content helps find and - L i
interpret the relevant entries oo [ DA m———
(and this comes from YOU!) ==F EE EE
| o ot oetE
* Video: https://vimeo.com/ijpmimusic/ourchemicalpastpresentandfuture
« Soundtrack: https://soundcloud.com/jamieperera/our-chemical-past-
present-and-future ...
il | e

Arp, Aurich et al (2023) ES&T, DOI: 10.1021/acs.est.3c01735



https://vimeo.com/jpmlmusic/ourchemicalpastpresentandfuture
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fsoundcloud.com%2Fjamieperera%2Four-chemical-past-present-and-future&data=05%7C01%7Cemma.schymanski%40uni.lu%7C4b362ec571034d80577208dbafce8371%7C445a9c950f9d49539db1bc4a45dd1220%7C0%7C0%7C638297073740614643%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Rbr9IYVPIjUtRuWRDukkZ22I2wZC8D6j5BKGZW0GpZI%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fsoundcloud.com%2Fjamieperera%2Four-chemical-past-present-and-future&data=05%7C01%7Cemma.schymanski%40uni.lu%7C4b362ec571034d80577208dbafce8371%7C445a9c950f9d49539db1bc4a45dd1220%7C0%7C0%7C638297073740614643%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Rbr9IYVPIjUtRuWRDukkZ22I2wZC8D6j5BKGZW0GpZI%3D&reserved=0
https://doi.org/10.1021/acs.est.3c01735
https://vimeo.com/jpmlmusic/ourchemicalpastpresentandfuture

I Take home messages

* Open data & suspect lists support NT-HRMS workflows

* There really are >7 million PFAS
in PubChem!

* Annotation content helps find and
iInterpret the relevant entries
(and this comes from YOU!)

* Workflows are available in patRoon (and more)

patRoon [1:20 a

Installation

patRoon itself can be installed as any other R package, however, depending on which algorithms you want
to use in your workflow, some extra steps may be required to install all the necessary tools. Please see the
installation section in the handbook for more information.

Getting start: a:: ‘
For a very quick start: i ra g \ee._.c
library(patRoon) Pub@ hem Lite

newProject() EXPOSOMICS

The newproject() functionwill pop-up a dialog screen (requires R Studio!) which will allow you to quickly
select the analyses and common workflow options to subsequently generate a template r processing
script.

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.

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

License
GPL-3
Citation
Citing patRoon

Developers

Rick Helmus

Author, maintainer

All authors...

Dev status

https://rickhelmus.qgithub.io/patRoon/

* Help avoid the next Silent Spring & share your data!

Schymanski et al (2023) DOI: 10.26434/chemrxiv-2023-j823z / Arp, Aurich et al (2023) ES&T, DOI: 10.1021/acs.est.3c01735
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https://doi.org/10.26434/chemrxiv-2023-j823z
https://doi.org/10.1021/acs.est.3c01735
https://rickhelmus.github.io/patRoon/
https://rickhelmus.github.io/patRoon/
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