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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 community
representatives (see Contributions and Acknowledgements). The PubChem PFAS Tree (see Figure 1 and
Contents listing) includes all compounds in PubChem satisfying various definitions, as explained later in this
document. Note that each compound in PubChem has a PubChem Compound Identifier (CID), and the blue
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
Tree, via the PubChem documentation and help pages, or by reaching out to pubchem-help@ncbi.nlm.nih.gov
for more information. Further information includes two videos on the ZeroPM YouTube channel, a ~23 min
interactive walkthrough (Jun. 2022) and a ~1 hour webinar (Mar. 2023) [2], plus a preprint on ChemRxiv [3].
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PubChem PFAS Tree Nodes

The tree is currently split into six main nodes that are constructed and compiled separately (see Figure 1).
Nodes that are under development are released once they are ready. Further details about each of the nodes
are given below. PubChem Classification Browser features are described further in the Section Exploring the
Tree.

PubChem Classification Browser Help

Browse PubChem data using a classification of interest, or search for PubChem records annotated with the desired classification/term (e.g., MeSH: phenylpropionates, or Gene Ontology:
DNA repair). More...

Select classification Search selected classification by
PubChem: PFAS and Fluorinated Compounds in PubChem ~ Keyword v | Enter desired search term Search

Classification description (from PubChem)

A classification tree to browse per- and polyfluoroalkyl substances (PFAS) and other fluorinated compounds in PubChem. The 'OECD PFAS definition' node contains PubChem content matching the OECD PFAS
definition of saturated CF2 (Report ENV/CBC/MONO(2021)25 from 9 July 2021). The '‘Organofluorine compounds' node contains organofluorine compounds in PubChem as defined in the same report. The 'Other
diverse fluorinated compounds' node helps explore a wide variety of other fluorinated compounds. The 'PFAS and fluorinated compound collections' node gathers several collections of PFAS and/or fluorinated
compounds from various resources. The 'Regulatory PFAS collections' node includes PFAS covered by various regulations.

Update: 2023-09-05 19:00:01 More...

Data type counts to display Display zero count nodes?

Browse PubChem: PFAS and Fluorinated Compounds in PubChem Tree

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

OECD PFAS definiion 2 » 6,540,217

Organofiuorine compounds 2 » 20,417,011

Other diverse fluorinated compounds 2 125,621

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

PFAS breakdowns by chemistry ? 7,497,376

Regulatory PFAS collections  ? 26,943

Figure 1: The “PFAS and Fluorinated Compounds in PubChem Tree” Landing Page (11 Sept. 2023).

OECD PFAS Definition

This node is constructed out of per- and polyfluoroalkyl substances (PFAS) satisfying the OECD 2021 definition
(contains at least one saturated CFy or CF3 part) in the 2021 OECD Report ENV/CBC/MONO(2021)25
[4]. Note that here, “PFAS part” is used to describe a connected portion of the molecule that satisfies the
OECD PFAS definition. A given molecule may have more than one PFAS part present, some examples are
given in Figure 2, along with the count of parts.

Browsing the >6 million entries in this node (see Figure 3) is challenging. Since most of these PFAS contain
isolated CF2 (>670 K entries) or CF3 groups (>5.7 M entries), these were separated into individual sections
(see “Isolated CFy and CF3 Nodes”). Approximately 229 K compounds contain PFAS parts larger than
CF3/CF3 (see “PFAS Parts Larger than CF5/CF3”).
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SCHEMBL10574915 - CID 13212501 Phenoxydifluoroacetic acid - CID
Fipronil - CID 3352 (2 parts) PFOA - CID 9554 (1 part) (5 parts) 43651829 (1 part)

Figure 2: FEzamples of molecules with varying PFAS parts highlighted, drawn using CDK Depict [5].
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The OECD PFAS Definition node, with the top two level subnodes, is shown in Figure 3.

~ PFAS and Fluorinated Compounds in PubChem 7  » 21,411,181
~ OECD PFAS definition ? 2~ 6,540,217
~ Molecule contains isolated CF2 ? 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 7 26,816
» Conlains only isolated CF2/CF3 2 76,574
» Conlains only isolated CF3 ? 5,643,974
~ Molecule contains PFAS parts larger than CF2/CF3 7 229,607
» Breakdown by isolated PFAS partcount 2 229,607
» Breakdown by isolated PFAS parttype 7 229,607
» Organofiuorine compounds 72 2 20,417,011
» Other diverse fluorinated compounds  ? 125,621

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

Figure 3: The OECD PFAS Definition part of the PFAS tree, with top two subnodes (11 Sept. 2023).

OECD PFAS - Isolated CF3; and CF3 Nodes

The Isolated CFy and CFs subnodes of the OECD PFAS Definition node allows the browsing of all PFAS
molecules in PubChem containing at least one isolated CF3 (top subnode) or one isolated CF3 (next subnode).
These are broken down similarly, as shown in Figure 4 for CF.

~ Molecule contains isolated CF2 ? 675,776 ~ Contains only isolated CF2/CF3 2 76,574

~ Contains CF2 and larger PFAS parts 2 9,140 - ) .
~ Contains only isolated CF2 ? 590,062 Contains 01xCF2,01xCF3 66,020

» Contains isolated branched PFAS part 2 280 Contains 01xCF2.02xCF3
Contains 01xCF2 571,817 ontains 01xCF2,02¢CF3 5,533
~ Contains isolated cyclic PFAS part 2 149 Contains 01xCF2,03xCF3 500
Contains 02xCF2 '
» Contains 02 isolated PFAS parts 2 100 ontains Bex 16,389 Contains 01xCF2,04xCF3 138

» Contains 03 isolated PFAS parts ? 23 Contains 03xCF2 | 1,182 Contains 01XCF2,05xCF3 32

» Contains 04 isolated PFAS parts 2 16 Contains 04xCF2 474 Contains 01xCF2,06xCF3 11

» Contains 05 isolated PFAS parts 2 6 Contains 05xCF2 55 Contains 01xCF2,07xCF3 5

» Contains 07 isolated PFAS parts 2 1 Contains 06xCF2 68 Contains 01xCF2,08xCF3 1

» Contains 08 isolated PFAS parts 2 3 Contains 07xCF2 20 Contains 01xCF2,09xCF3 4
» Contains isolated linear PFAS part 2 8,730 Contains 08xCF2 23 Contains 02xCF2,01xCF3 2,305
~ Contains isolated unsaturated-branched PFAS part 2 2 Contains 09xCF2 15 Contains 02xCF2,02xCF3 1,157

Contains 01xCF2,01xCO3F06-linear,01xCO5F09-unsaturated: Contains 02xCF2,03xCF3 143

Contains 10xCF2 14 Contains 02xCF2,04xCF3

» Contains isolated unsaturated-cyclic PFAS part 2 19 X ' w
o _ Contains 12xCF2 3 Contains 02xCF2,05xCF3 10
» Contains isolated unsaturated-linear PFAS part ? 80

Contains 13xCF2 2 Contains 02xCF2,06xCF3 3

» Contains only isolated CF2 2 590,062

Contains 03xCF2,01XCF3 279

» Contains only isolated CF2/CF3 ? 76,574

Figure 4: The isolated CFs section of the OECD PFAS Definition node, with breakdown of the major parts
(numbers as of 11 Sept. 2023).

The larger PFAS parts (left) are broken down by part type (linear, branched, etc.). Within these subcategories,
dynamic construction is used. If many (>20) variants are present, a breakdown by number of PFAS parts is
added (e.g., Figure 4, middle left, “ Contains isolated cyclic PFAS part”), if not, a list of the possibilities is
given directly (e.g., Figure 4, lower left, “ Contains isolated unsaturated-branched part”).



The “Contains only isolated CFy” (or, for the CF3 node, “ Contains only isolated CF3”) is broken down by the
number of isolated groups (CF3 or, for the CF3 node, by CF3 groups) - see Figure 4, middle panel. In both
cases, the vast majority of molecules have only one isolated group. The “Contains only isolated CFy/CFs”
node is also broken down by the number of groups, sorted by increasing number of CFy groups (for both
nodes). See Figure 4, right panel.

OECD PFAS - PFAS Parts Larger than CF5/CF3

The “Molecule contains PFAS parts larger than CFg/CF3” part of the OECD PFAS node includes >220 K
molecules, which can be browsed in two major breakdowns, by isolated PFAS part count (see Figure 5) and
by isolated PFAS part type (see Figure 6). This section of the tree is constructed dynamically - in other
words, the subnodes present depend on the contents within - to prevent excessive scrolling.

¥ Molecule contains PFAS parts larger than CF2/CF3 2 229,607
~ Contains 10 isolated PFAS parts ? 59
~ Breakdown by isolated PFAS part count 2 229,607 » Contains isolated branched PFAS part 2 1
» Contains 01 isolated PFAS part 2 -
p: ? 173,351 « Gontains 01 Isolated PFAS part 2 173,351 Contains isolated cyclic PFAS part 2 2
» Contains 02 isolated PFAS parts ? 39,365 ~ Count of molecules 0000110 2 874 Contains 02xCF3,02xC04F06-cyclic,06xC02F04-linear 1
. . Contains 03xCF3,01xC10F 13-cyclic,06xC02F04-linear 1
» Contains 03 isolated PFAS parts 2 10,401 » Contains isolated branched PFAS part 2 127 4
c 08 | 4 PEAS » Contains isolated cyclic PFAS part 2 256 » Contains isolated linear PFAS part ? 59
» Contains 04 isolate arts  ? . .
P 3,925 » Contains isolated linear PFAS part 2 128 » Contains 11 isolated PFAS parts 2 13
» Contains 05 isolated PFAS parts  ? 888 » Contains isolated singleton PFAS part 2 1
» Contains 06 isolated PFAS parts 2 890 » Contains isolated unsaturated-branched PFAS part ? 63
. i » Contains isolated unsaturated-cyclic PFAS part 2 178
» Contains 07 isolated PFAS parts 2 195
» Contains isolated unsaturated-linear PFAS part 2 118
» Contains 08 isolated PFAS parts 2 282 » Count of molecules 00011-100 2

3,403
8,908
35,562

124,607
18,607
47,050
13,327
33,614
12,009

39,365

Count of molecules 00101-1000 ?

Contains 09 isolated PFAS parts 2 82 ~ Contains 15 isolated PFAS parts 2 7

Count of molecules 01001-10000 ?

Contains 10 isolated PFAS parts ? 59 Contains 01xC02F05-linear,01xCO3F07-linear,13xCO3F06-linear 1

“«

Count of molecules 10001-100000 ?
Contains 01xCO08F 11-linear,14xC02F05-linear 1

Contains 11 isolated PFAS parts 2 13 Contains 01xC02F04-linear

Contains 01xCF3,01xC03F07-linear,13xCO3F06-linear 4
Contains 01xCO2F05-linear

Contains 12 isolated PFAS parts  ?
p = S0 Contains 02xCF2,11xCF3,02xC02F04-linear 4
Contains 01xCO3F06-linear

Contains 13 isolated PFAS parts 2 12 Contains 03xCF2,03xCF3,09xCO3F06-linear 4
Contains 01xCO3FO7-linear

Contains 07xCF2,08xC02F04-linear 1

Contains 14 isolated PFAS parts 2 18 Contains 01xC04F09-linear

Contains 13xCF2,01xCF3,01xC02F05-linear 1
» Contains 02 isolated PFAS parts 2

Contains 15 isolated PFAS parts  ?
P U ~ Contains >15 isolated PFAS parts 2 69

Contains >15 isolated PFAS parts ? 69

Figure 5: The “Molecule contains PFAS parts larger than CFs/CFs” part of the OECD PFAS Definition
node, with dynamic breakdown of subnodes by isolated PFAS part count (numbers from 11 Sept. 2023).

The Breakdown by isolated PFAS part count is first subset by the number of parts (Figure 5, left
panel). Should there be fewer than ~20 categories, the immediate breakdown is by the formula of the parts
(see e.g., Figure 5, bottom right, “Contains 15 isolated PFAS parts”). Should there be more than 20 entries,
an extra layer is added, to sort by the type of PFAS part (see Figure 5, top right, “Contains 10 isolated
PFAS parts”). For categories with very large numbers of entries, an additional initial breakdown by the
count of molecules is added (Figure 5, middle panel). This is again broken down dynamically. If only a few
subcategories exist, these are presented immediately thereafter (see Figure 5, bottom middle - several linear
categories with many molecules). If, however, more breakdown is needed, an additional set of part type nodes
is added (e.g., Figure 5, middle panel, “Count of molecules 00001-10") before the formula breakdown. Note
that throughout the tree, leading zeros are present to ensure logical sorting.

The Breakdown by isolated PFAS part type is first broken down by the part type (linear, cyclic, etc.)
as shown in Figure 6, left panel. These are again split dynamically. With fewer than 20 entries, the list
split according to PFAS part formulas appears. If a greater breakdown is needed, an extra layer of “Also
contains ...” or “Only contains ...” is added for extra navigation (e.g., Figure 6, mid left, “Contains
isolated branched PFAS part”). For entries containing many CIDs, a breakdown by count of molecules is
added (e.g., Figure 6, mid left, “Contains isolated linear PFAS part”). Generally, the linear entries contain
more entries than the other PFAS part types - and thus tend to have greater breakdown. Some of these are



broken down further (e.g., Figure 6, right), such that a breakdown by the count of PFAS parts is added

before the breakdown by “Also contains...”.

P -
~ OECD PFAS definiion 2 » ' 6,540,217 ~ Contains isolated linear PFAS part ? 216,698
» Molecule contains isolated CF2 ? 675,776 » Count of molecules 00001-10 2 4,505
» Molecule contains isolated CF3 ? 5,747,364 ~ Count of molecules 00011-100 2 7,451
~ Molecule contains PFAS parts larger than CF2/CF3 2 229,607 » Contains 01 isolated PFAS part 2 660
» Breakdown by isolated PFAS part count ? 229,607 ~ Contains 02 isolated PFAS parts 2 2,801
~ Breakdown by isolated PFAS parttype 2 229,607 » Also contains isolated branched PFAS part 2 117
~ Contains isolated branched PFAS part ? 6,653 » Also contains isolated cyclic PFAS part 2 98
» Also contains isolated cyclic PFAS part 2 25 » Also contains isolated unsaturated-linear PFAS part 2 30
» Also contains isolated linear PFAS part ? 571 » Only contains isolated linear PFAS part 2 2,556
» Also contains isolated unsaturated-linear PFAS part 2 5§ » Contains 03 isolated PFAS parts 2 1,646
» Only contains isolated branched PFAS part ? 6,053 » Contains 04 isolated PFAS parts 2 1,410
» Contains isolated cyclic PFAS part 2 5,726 v Contains 05 isolated PFAS parts 2 329
~ Contains isolated linear PFAS part ? 216,698 » Also contains isolated branched PFAS part 2 11
» Count of molecules 00001-10 2 4,505 » Only contains isolated linear PFAS part ? 318
» Count of molecules 00011-100 ? 7,451 » Contains 06 isolated PFAS parts  ? 472
» Count of molecules 00101-1000 ? 21,878 » Contains 07 isolated PFAS parts 2 26
» Count of molecules 01001-10000 ? 58,257 » Contains 08 isolated PFAS parts | 2 | | 85
» Count of molecules 10001-100000 ? 124,607 v Contains 10 isolated PFAS parts [gay {1}
» Contains isolated singleton PFAS part 2 1 » Only contains isolated linear PFAS part 2 11
» Contains isolated unsaturated-branched PFAS part ? 77 » Contains 12 Isolated PFAS parts | 2 | | 11
» Contains isolated unsaturated-cyclic PFAS part 2 452 > Count of molecules 001011000 | 2] (24,878
» Contains isolated unsaturated-linear PFAS part 2 1,325 > Count of molecules 01001-10000 | 2 ] | 58,257

Figure 6: The “Molecule contains PFAS parts larger than CFs/CF3” part of the OECD PFAS Definition
node, with dynamic breakdown of subnodes by isolated PFAS part type (numbers from 11 Sept. 2023).

The dynamic navigation approach reduces the scrolling by users and also helps reduce the data loading
time when many entries are present within a node. It is possible to use some advanced search and querying
capabilities to improve the interaction with the tree, see examples in Exploring the Tree below.

The PFAS Parts Larger than CFy/CFs is available as a MetFrag [6] file for further use [7]. The CSV can be
downloaded from Zenodo (DOI: 10.5281/zenodo.6385954) for use in MetFragCL and is available from the
MetFragWeb dropdown menu. This file contains several useful fields from the Download file as well as Patent
and Literature (PMID) counts. See the description on the Zenodo record [7] for more details.

Organofluorine Compounds

This node contains Organofluorine compounds as defined in Figure 8 in the 2021 OECD PFAS Report
ENV/CBC/MONO(2021)25 [4]. Figure 7 (below) shows an extract from Figure 8 of the OECD report on the
left panel, and the corresponding node breakdown in the Organofiuorine compounds section of the PubChem
PFAS Tree to the right. Note that one additional category was added (“Other fluorinated substances”) to
capture content that did not fit into any other category defined in Figure 8 from the OECD Report.

The Organofluorine compounds node is broken down very differently to the OECD PFAS Definition node,
since not all the contents are PFAS (and thus do not contain PFAS parts). Each subnode is broken down
first by the number of fluorine atoms (1 through to 15, then >15) and then by an exact mass range. If there
are no CIDs for the given category, it is not present. For instance, the “Fluorinated aliphatic substances that
have a fully fluorinated methyl or methylene carbon atom” category starts at “ Contains 02 Fluorine atoms”
as no entries in this category could contain only one F. The exact mass subcategories are split into the ranges
1-250, 250-500, 500-750, 750-1000 and >1000 - and are only present if there are CIDs within this range.
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otnerﬂ:omr"l;taledwﬁﬂﬂc X ~ Organofluorine compounds 2 » 20,417,011
methyl or methylene carbon atom ~ Fluorinated aliphatic substances 2 904,417
. ) » Fluorinated aliphatic substances that have a fully fluorinated methyl or methylene
organofluorine fluorinated AURHATIC havea
compounds substances fully i or rbon atom carbonatom 2 602,387
. . » Other fluorinated aliphatic substances that do NOT have a fully fluorinated methyl
non-flumnate:“uh JATICring|(s) or methylene carbon atom  ? 302,030
mfll;lmm_ted AUH-IAﬂc:de-d\aln(s) 'M,,_h:v:t:m ~ Fluorinated aromatic substances ? 19,439,533
T ATICring() » (Non-)Fluorinated aromatic ring(s) with fluorinated aliphatic side chain(s) that do
L with NOT have a fully fluorinated methyl or methylene carbon atom ? 1,580,012
fluorinated ALIPHATICside chain(s) that have a
fully or rbon atom » Fluorinated aromatic ring(s) with fluorinated aliphatic side chain(s) that have a
fluorinated AROMATIC fully fluorinated methyl or methylene carbon atom ? 903,962
substances i i
(nm-]'lumnale‘:“/:lm KLETLE) » Fluorinated aromatic ring(s) with non-fluorinated aliphatic side chain(s)
i ALIPHATICi in(s) that do NOT have a ? 11,885,478
fully methyl carbon atom
» Fluorinated aromatic substances without a side chain 2 36,212
OECD PFAS fluorinated ARDVATICring(s)
X with i ) » Non-fluorinated aromatic ring(s) with fluorinated aliphatic side chain(s) that have
NOT LUREAILSEIECIE D) fully fluorinated methyl or methylene carbon atom ? 5,033,869
CONPS;?\;:RED fluorinated AROMATICSubStances » Other fluorinated substances 2 97,762
aside chain

Figure 7: The categorization of PFAS (blue shading) and non-PFAS (grey) from the OECD 2021 report [4]
(left panel) and the “Organofluorine compounds” node (right panel). Numbers from 11 Sept. 2023.

Other Diverse Fluorinated Compounds

The “Other Diverse Fluorinated Compounds” section of the PubChem PFAS Tree is designed to help
users explore various cases of fluorine chemistry that are not necessarily covered in the OECD PFAS or
Organofluorine compound sections above. The navigation in this section helps explore fluorinated compound
chemistry by various fluorine-heteroatom bonds and the occurrence of different elements (see Figure 8).

Many of the compounds present in this section are also present in the other sections of the PubChem PFAS
Tree. The overlap can be investigated in Entrez (see section Interactions via Entrez below).

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

~ Contains fluorine bond to non-carbon element ? 28,406 ~ Contains non-organic element ? 124,552
» OECD PFAS definition 2 » 6,540,217 » Count of molecules 00001-10 2 138 » Countof molecules 0000110 2 119
» Organofiuorine compounds 2 » 20,417,011 » Count of molecules 00011-100 ? 580 » Count of molecules 00011-100 ? 816
N ~ Count of molecules 00101-1000 ? 2,536 L——> = Countof molecules 00101-1000 ? 3,703
~ Other diverse fluorinated compounds  ? 125,621 . 5
’ » Contains a F-Albond 188 » Contains Biatom 296
~ Contains fluorine bond to non-carbon element ? 28,406 Contains a F-Asbond 129 » Contains Gaatom 198

Contains a F-Ge bond 164 > Contains Hoatom {403,

-

Count of molecules 00001-10 ? 138

Cont: In at
Contains a F-Ibond 155 » Contains Inatom 431

Count of molecules 00011-100 ? 580 + Contama P bond [27 » Contains Pbatom 138

v

» Contains Ru atom 159

» Count of molecules 00101-1000 ? 2 536 Contains 01 Fluorine atom 2 180
- » Contains Sb atom 389
Contains 02 Fluorine atoms 2
» Count of molecules 01001-10000 2 1,110 ine 0z Fluor 48 » Contains Te atom | 876
Contains 03 Fluorine atoms 2 33 Contains Tiat. =
» Contains Tl atom
» Count of molecules 10001-100000 ? 24,333 Contains 04 Fluorine atoms 2 15

» Contains Watom 246

~ Contains non-organic element ? 124,552 Contains 05 Fluorine atoms | 3 > - Countof molecules 0100110000 ? 12,997

Contains 06 Fluorine atoms 2

v

Count of molecules 00001-10 2 119 » Contains Alatom 1,761

» Contains As atom 1,445

v

Count of molecules 00011-100 ? 816 _/ Gontains 08 Fiuorine atoms 2 » Contains Ge.atom 1,002
Count of molecules 00101-1000 ? 3,703 Contains 08 Fiuorine atoms (2

Contains 10 Fluorine atoms  ?
Count of molecules 01001-10000 ? 412,997 —/ 5 ~ Countof molecules >100000 ? 107,214

Count of molecules >100000 ? 107,214 —0m ™ ————— » Contains a F-Obond 352 » Contains B atom 107,214

v

» Contains Seatom 5,050

» Contains Snatom 3,664

v

6
7
Contains 07 Fluorine atoms 2 2
3
1
1
1

Contains 15 Fluorine atoms 2

v

» ContainsaF-Pbond 535

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

Figure 8: The “Other diverse fluorinated compounds” part of the PubChem PFAS Tree, showing the breakdown
by fluorine bonded to non-carbon elements and by non-organic element. Numbers from 11 Sept. 2023.

The Contains fluorine bond to non-carbon element section (Figure 8, middle panel) is broken down
first by the count of molecules present in the given category, then by the non-carbon element present in the
F-element bond (sorted alphabetically). For the sections with counts above 100, there is an extra breakdown
by the numbers of fluorine present overall.
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The Contains non-organic element section (Figure 8, right panel) is likewise broken down first by
the count of molecules present in the given category, then by the non-organic element present (sorted
alphabetically). In this section, non-organic refers to any element that is not C, H, N, O, P, S, Si, F, Cl, Br
or I. As above, there is an extra breakdown by the numbers of fluorine present overall for the sections with
counts above 100.

PFAS and Fluorinated Compound Collections

The “PFAS and Fluorinated Compound Collections” section of the PubChem PFAS tree contains various
lists gathered across PubChem content (see Figure 9). The mapping files to construct this are kept on the
eci/pubchem repository on GitLab. Currently, the content displayed in Figure 9 comes from:

o All PFAS lists from the CompTox Chemicals Dashboard [8] via the EPA DSSTox Tree in PubChemn;

o All PFAS lists from the NORMAN Suspect List Exchange (NORMAN-SLE) via the NORMAN-SLE
Tree in PubChem;

o The CORE and Patent PFAS lists from OntoChem [9];

e Other collections from within PubChem Classification Trees, including collections from Cameo, ChEBI
and MeSH,;

o The NIST PFAS Suspect list list provided by Benjamin Place [10].

~ PFAS and fluorinated compound collections 2 » 1,789,296
» CompTox Chemicals Dashboard PFAS suspect lists ?  » 16,120 —/_.
~ NORMAN-SLE PFAS suspectlists 2 2 6,317
S09 | PFASTRIER | PFAS Suspect List of fluorinated substances from X. Trier and colleagues ? » 468
S$14 | KEMIPFAS | PFAS Highly Fluorinated Substances List from KEMI 2 » 1,344
25 | OECDPFAS | List of PFAS fromthe OECD ? 2 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 2 1,250
S89 | PRORISKPFAS | List of PFAS Compiled from NORMAN SusDat ? » 4,240
S92 | FLUOROPHARMA | List of 340 ATC classified fluoro-pharmaceuticals 2 » 290
S$94 | FLUOROPEST | List of 423 FRAC/HRAC/IRAC classified fluoro-agrochemicals ? 2 318
S95 | PFASANEXCH | PFAS List from the NORMAN PFAS Analytical Exchange Activity 2 » 94
S96 | ECIPFAS | Updateable List to add PFAS Structures to Public Resources from ECI (UniLu) ? » 257
S$100 | PFASREACH | List of PFAS identified in REACH2019 2 » 429

S$102 | PARCPFAS | List of PFAS from PARCWP4 2 » 190

2 13203

d [PFASPACKAGING] PFASIEPA PFAS

» OntoChem PFASIlists 2 » 1,777,020 ~ OntoChem PFASIists ? » 1,777,020 o Pras

~ Other fluorinated chemical contentin PubChem 2 » 1,777 OntoChem PFAS from CORE - Definion A 2 # | 26,805

OntoChem PFAS from CORE - Definition B 2 » 4,115

: i ?
» MeSH: Fluorinated Hydrocarbons | 2| | 2] | 417 OntoChem PFAS from CORE - Definition C 2 » 3,433

Datatase 7| 2 38

CAMEO Chemicals: Fluorinated Organic Compounds ? 2 120 OntoChem PFAS from Google Patents - Definion A 2 » 1,762,939
OntoChem PFAS from Google Patents - Definition B 2 » 73,744

ChEBI: Organofiuorine Compound 2 1,372 NatonalDefense Authorcation Act 7298
OntoChem PFAS from Google Patents - DefinionC 2 # | 33,648

NIST PFAS suspectlist 2 » 4,048 1

Figure 9: The “PFAS and Fluorinated Compound Collections” node, with all major collections shown
(CompTox and OntoChem as insets). Numbers and content listing from 11 Sept. 2023.

Additional community-based PFAS can also be added to this section. Ideas and suggestions for new lists
are welcome and will be added if feasible and possible. Please email suggestions or ideas to pubchem-
help@ncbi.nlm.nih.gov or Emma Schymanski.

Regulatory PFAS Collections

Several regulatory PFAS collections from a variety of regulatory documents are currently included in the
PubChem PFAS Tree as listed below, shown in Figures 10 & 11 and documented (as slides) in [11]. Please
note that this section of the PubChem PFAS Tree is currently in active development with the community.
Please email suggestions or ideas to pubchem-help@ncbi.nlm.nih.gov or Emma Schymanski directly. The use
of SMARTS is explained in the tooltips.
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The regulatory PFAS collections currently include:

 Long-chain perfluorocarboxylic acids (LC-PFCAs) and related substances
— (C9-C21 LC-PFCAs as nominated for the Stockholm Convention
o Perfluorohexane sulfonic acid (PFHxS) and related substances
— PFHxS and related compounds as defined in Annex A of the Stockholm Convention
— PFHxS (linear or branched) plus its salts and related substances according to EU REACH (draft
definition)
— Difference between Annex A and EU REACH definitions
o Perfluorooctanoic acid (PFOA) and related substances
— PFOA and related compounds as defined in Annex A of the Stockholm Convention
o PFOA and related substances - exclusions
o Perfluorooctane sulfonic acid (PFOS) and related substances
— PFOS, PFOSF and related substances as defined in Annex B of the Stockholm Convention

~ Regulatory PFAS collections ? 26,943

» Long-chain PFCAs (LC-PFCAs) and related substances ? 18,416

+ PFHxS and related substances ? 719

» PFOA and related substances ? 25,543

+ PFOA and related substances - exclusions ? » @8

~ PFOS and related substances 7 1,307
» [Annex B] PFOS plus salts, isomers and PFOSF - extended listing from Annex B of the Stockholm Convention 2 2 4,303
[Annex B] PFOS plus its salts and PFOSF exactly as listed in Annex B of the Stockholm Convention 2  # 8
Compounds that transform to PFOS (via PubChem Transformations) ? 4
PFOS and PFOSF substructure query in PubChem 7 4,290
PFOS including any branched isomers (included in PubChem) ? 18

PFOS plus its salts and PFOSF (included in PubChem) ? 239

Figure 10: The “Regulatory PFAS collections” part of the PubChem PFAS Tree, showing the major classes
covered and a more detailed breakdown for PFOS (11 Sept. 2023).

~ PFHxS and related substances ? 719

[Annex A] PFHXxS 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) ? 2 719

Compounds with a (C6F13)S moiety in PubChem by SMARTS 2 719
» [EU REACH] PFHxS plus its salts and PFHxS-related compounds (draft definition) by annotation 2 523

-

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

» Compounds with a (C6F13)S moiety in PubChem by SMARTS 2 719

4

Difference between Annex A and EU REACH definitons ? 142 Compounds that transform to PFHxS (via PubChem Transformations) 2
PEHxS in EU REACH but not Annex A - all 2 112 Initial indicative list of PFHxS plus its salts and PFHxS-related compounds ?  » 76

PFHxS and any branched isomers (included in PubChem) 2 5
PFHxS in EU REACH but not Annex A - annotation 'Literature’, 'Use’, 'Safety’, 'TOXICity' 2 44 | pFrxs ang any branched isomers and thei sas (nciuded in PubGhem) 2 62

PFHXS and branched isomer combined substructure query in PubChem 2 212

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' 2 14

Figure 11: The “Regulatory PFAS collections” part of the PubChem PFAS Tree, showing a partial breakdown
for the PFHzS subsection, including annotation breakdown (11 Sept. 2023).

As shown in the figure above, the regulatory collections also include detailed breakdowns of the contents
according to annotation information present in the download files (described further in Section Download
via PubChem Search). A section including recent CIDs is also included in the major regulatory definitions,
allowing users to find relevant (by annotation) and recent (by date) entries. Categories follow the major
headings of the PubChem Table of Contents and are patents, literature, use, safety and toxicity information.


https://pubchem.ncbi.nlm.nih.gov/classification/#hid=72

PFAS Breakdowns by Chemistry

The PFAS breakdowns by chemisty section is an expansion of the OECD PFAS definition that also includes
salts and mixtures, not just neutral compounds. This section contains four major breakdowns, by composition
(neutral vs. salt/mixture), by functional groups, by connectivity degree (PFAS part connected to one or more
non-PFAS parts) and by PFAS part formulas (i.e., length of the PFAS), as shown in Figures 12 and 13.

~ PFAS breakdowns by chemistry ? 7,497,376

~ Breakdown by PFAS composition ? 7,497,376

» Neutral ? 6,470,991
» SaltMixture ? 1,026,397

~ Breakdown by PFAS functional groups  ? 7,497,376

-

Contains PFAS-C  ? 6,718,382
39,853
663,131
16,313

284,549

More PFAS-Element cases 2

-

Contains PFAS-N 2

-

Contains PFAS-O  ?

v

Contains PFAS-P 2

Contains PFAS-S  ?

-

5,655
~ Breakdown by PFAS part connectivity degree  ? 7,497,376
6,752,458

867,030

» PFAS parts with 1 connection  ?

» PFAS parts with 2+ connections  ?

~ Breakdown by PFAS part formulas 2 7,497,376
» Molecule contains CO1F02 799,567 » Molecule contains CO5F11 3,978
» Molecule contains CO1F03 6,581,082 » Molecule contains CO6F11 1,608
» Molecule contains CO2F04 42,246 » Molecule contains CO6F12 2,988
» Molecule contains CO2F05 67,187 » Molecule contains CO6F13 13,155
» Molecule contains CO3F05 1,775 » Molecule contains CO7F14 2 539
» Molecule contains CO3F06 26,948 » Molecule contains CO7F15 5,320
» Molecule contains CO3F07 50,920 » Molecule contains CO8F16 1,448
» Molecule contains C04F06 794 » Molecule contains CO8F17 14,344
» Molecule contains C04F07 861 » Molecule contains CO9F18 658
» Molecule contains C04F08 6,683 » Molecule contains CO9F19 1,448
» Molecule contains CO4F09 23,263 » Molecule contains C10F21 2,083
» Molecule contains CO5F09 1,225 » Yetmore PFAS partformulas 2 8,464
» Molecule contains CO5F10 4,400

» Breakdown by PFAS partformulas 2 7,497,376

Figure 12: The “PFAS breakdowns by chemistry” part of the PubChem PFAS Tree, showing the four major
nodes and the first sublayer of each. Numbers from 11 Sept. 2023.

~ Breakdown by PFAS composition ? 7,497,376
v Neutral ? 6,470,991
~ Breakdown by PFAS functional groups 2 6,470,991
» Contains PFAS-C ?  53807,157
» Contains PFAS-N ? 35,405
» Contains PFAS-O ? 584,757
» Contains PFAS-P ? 13,308
» Contains PFAS-S ? 199,343
» More PFAS-Element cases ? 4,263
~ Breakdown by PFAS part connectivity degree ? 6,470,991
» PFAS parts with 1 connection ? 5839 653
» PFAS parts with 2+ connections  ? 717,781
» Breakdown by PFAS part formulas  ? 6,470,991
v SaltMixture ? 1,026,397
» Breakdown by PFAS functional groups  ? 1,026,397
» Breakdown by PFAS part connectivity degree ? 1,026,397
» Breakdown by PFAS part formulas 2 1,026,397

~ Breakdown by PFAS part connectivity degree  ? 7,497,376
~ PFAS parts with 1 connection ? 6,752,458

v PFAS-Aliphatic ? 3,043,335
» Breakdown by PFAS composition ? 3,043,335
» Breakdown by PFAS functional groups ? 3,043,335
» Breakdown by PFAS partformulas 2 3,043,335

v PFAS-Aromatic ? 3,833,108
» Breakdown by PFAS composition ? 3,833,108
» Breakdown by PFAS functional groups ? 3,833,108
» Breakdown by PFAS partformulas 2 3,833,108

PFAS-CI 10

~ PFAS parts with 2+ connections 2 867,030
» (PFAS-Aliphatic)2 70,915

» (PFAS-Aliphatic)2, PFAS-Aromatic 44
» (PFAS-Aliphatic)3 2,073

» (PFAS-Aliphatic)4 629

» (PFAS-Aliphatic)5 132

Figure 13: Substructure of the “Breakdown by PFAS composition” and “Breakdown by PFAS part connectivity
degree” sections, showing how each section can be broken down by the other categories. Numbers from 11
Sept. 2023.

This section can be used to explore many functional properties about PFAS compounds, more examples will
be shown in the following sections.




Exploring the PubChem PFAS Tree

While the tree offers several possibilities for browsing and searching PFAS and other organofluorine content,
there are more powerful search capabilities to empower this further, as explained in the next sections.

Download via PubChem Search

Perhaps the most intuitive interaction is directly through clicking on the numbers besides each node (see
Figure 14). This sends a query directly to the PubChem Search interface and displays the entire node
contents, as shown in Figure 14. This query follows “OECD PFAS definition” > “Molecule contains PFAS
parts larger than CFo/CF3” > “Breakdown by isolated PFAS part count” > “Contains 01 isolated PFAS
part” > “Count of molecules 10001-100000” > “Contains 01xC04F09-linear” and returns 11,957 CIDs (20
June 2023) containing only one single linear C4F9 PFAS part. This query can then be downloaded or saved
(Figure 14, insets), or sent to Entrez for advanced querying (see section on Entrez). Note that clicking on the
“?” beside a node (where present) will open a tool tip explaining the node contents (Figure 14, bottom left).

~ PFAS and Fluorinated Compounds in PubChem 2 » 21,329,079 SEARCH FOR

PFAS and Fluorinated Compounds in PubChem: Contains O1xCO4FO9—Iineaﬂ Q

Treating this as a previously computed list of identifiers

v OECD PFAS definiion 2 » 6,513,479

» Molecule contains isolated CF2 2 672,294

» Molecule contains isolated CF3 2 5,724,147

~ Molecule contains PFAS parts larger than CF2/CF3 2 229,146 Compounds
~ Breakdown by isolated PFAS part count ? 229 146 = Filters SORT BY Relevance

v Contains 01 isolated PFAS part 2 173,027 ACTIONS ON RESULTS WITH ID TYPE:

375-62-2; Perfl leryl Fluoride; Perfluoropentanoyl Fluorigfe;
\Peeef Nor I Fluoride; Nonafluoropentanoyl Fluoride;

Compound CID: 67812

MF: CsF10 MW: 266.04g/mol

IUPAC Name: 2,2,3,3,4,4,5,5,5-nonafluoropentanoyl fluoride

» Count of molecules 00001-10 ? 862

Compounds

* Push to Entrez (24}
_{‘z Save for Later v

Count of molecules 00011-100 2 3,398

Count of molecules 00101-1000 ? 8,901

Count of molecules 01001-10000 ?  35,53f Isomeric SMILES: C(=0)(C(C(C(C(F)F)F)(FFFIFFIFF

InChiKey: RUFSXELMOQBMOF-UHFFFAOYSA-N E Linkeg/Data Sets v
« Count of molecules 10001-100000 ?
Contains 01xC02F04-linear 18,528 DOWNLOAD
Contains 01xC02F05-inear 46,99/ | | NAME YOUR SEARCH
Contains 01xCO3F06-linear 13 777 1 Summaw (Search Results) mM @ . 01xCO4F09 | [
Contains 01xC03F07-linear 3,574 ontains X “inear

COMPRESSION:

» Contains 02 isolated PFAS parts ? 39,264

@nNone O azip
» Contains 03 isolated PFAS parts 2 10,378 View Saved Searches
Molecul hi 5 isolated PFAS
2ol ‘f" e Cf‘eg°w GO parts Chemical Structure Records Note that your saved searches are kept for 8
» Contains 05 isolated PFAS parts 2 960 hours and are accessible on your current

device only.
» Contains 06 isolated PFAS parts 2 889 JSON

Figure 14: Querying node contents in PubChem Search. When clicking on the blue numbers (left), a search
window will open in a new tab (right, main image). This collection can be browsed, downloaded or saved (see
insets) or sent to Entrez (see next section). Clicking on the “2” sign next to a node name will open a tool tip
(left panel, bottom, see yellow blurb). Figure updated 20 June 2023.

The download file contains a number of fields of interest, highlighted in Figure 15, including: PubChem
compound identifier (CID), names and synonyms, several properties (e.g. XlogP, molecular formula, masses),
structural information (SMILES, InChI, InChIKey), patent and literature counts as well as several metadata
entries. These metadata entries contain valuable information about the evidence contributing to the presence
of that structure in PubChem (e.g., contribution source(s) and date, annotation information). Relevant fields
are explained in Table 2 and shown in Figure 15.

Note that the categories visible in the “annothits” column align with the individual sections in PubChem
records and can also be viewed in the PubChem Table of Contents (TOC) Tree. For any entry with annotation,
the information available can be viewed for that individual CID. For example, the annotation information for
CID 67814 in Figure 15 can be viewed for the following sections (selected examples): Classification, Names
and Identifiers, Patents, Safety and Hazards, Use and Manufacturing.
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A B © D E E G H | J K L
1 [cid {mpdnam cmpdsynomw mf polararea complexit xlogp heavycnt hbonddorhbondacc rotbonds
2 67812 |Perfluoro\375-62-2| 266.04 C5F100 17.1 288 34 16 0 11 3
3 67814 Nonafluor 375-72-4| 302.09 C4F1002S 42.5 386 34 17 0 12 3
4 67815 terfluoroiperfluorol 300.1 C4HF903s 62.8 387 2.3 17 1 12 3
Z 1 A M N [¢] P R S T U Vv w X Y z
© 1 lcid linchi isosmiles canonicalsinchikey |iupacnamiexactmassmonoisotccharge  covalentulisotopeatctotalatom: definedatcundefined totalbond:
7 % 67812 InChI=15/1C(=0)(C(C C(=0)(C(C RUFSXELM2,2,3,3,4,4| 265.979 265.979 0 1 0 0 0 0 0
8 43 67814 InChI=1S/1C(C(C(F)(F C(C(C(F)(F LUYQYZLE|1,1,2,2,3,3| 301.946 301.946 0 1 0 0 0 0 0
9 7 4 \__67815 T 95 299.95 0 1 0 0 0 0 A
10 4 69494 A AA AB AC AD AE AF AG /_A.H_A.I\ A AK H AN
1 7 6 69939 1 |[cid efinedbo undefinetyfclident  gpident  gpfamilychneighbort meshheafannothits annothiteryids cidcdate fsidsrcnam depcatg ) annotation
12 8¢ 7 73893 2 67812 0 0O} 1 133 62 pD+3D NULL Classificat 6 NULL 20050808 001Chemi Chemical f NULL
130 100 g 74534 3 67814 0 o 105 4732 1015 pD+3D  NULL | Classificat 6 NULL | 20050327 001Chemi Chemical | NULL
14 10 9 74883 4 67815 0 0} 330 34954 10148 pD+3D NULL Chemical ¢ 12 NULL 20050326 001Chemi Chemical | NULL
15 10419 74887 5 | 69494 0 o 2 165 62pD+3D NULL | Classificat 4 NULL 20050808 001Chemi Chemical | NULL
11 75921 6 69939 0 0 22 8 pD+3D NULL Classificat 3 NULL 20050808 AAA Cherr Chemical | NULL
12| 8s0s4l 7 73893 Classificat 3 NULL 20050808 AAA Cherr Chemical | NULL
13 100025/ 8 = 74534 ) Names Classificat s NULL 20050719 001Chemi Chemical | NULL
14 101642 @ 74883 [ ] Identifiers/structural information Classificat 7 ULl 20050327 001Chemi Chemicalf NULL
15 104247 10 74887 [ cajeylated properties Biological 8 $51631|6 20050719 001Chemi Chemical | NULL
g1 75921 . . . Biological 10 | 111187 20050326 001Chemi Chemicalf NULL
12 sssa () Annotation/Source information Chemical : 8 NULL | 20050327 001Chemi Chemical | NULL
13| 100925 CID (record) create date Classificat 2 NULL 20050808 ECI Group Curation f NULL
14 | 101642 P A Chemical 4 NULL 20050808 A2B Chem Chemical | NULL
() patent/literature counts
15 104247 _ - / - JR— PR R \Qlassificat GA ULL 20050719Q01Chemi Chemica)) NULL

Figure 15: PubChem Download file. Top left: PubChem Compound Identifier (CID), names, properties.
Middle: structural information, names, more properties. Bottom: more properties, patent and literature
counts, annotation content, CID dates. Downloaded from the query shown in Figure 14 on 20 June 2023.

Table 2: Relevant metadata files in the PubChem Download files.

Header Description Type
annothits Annotation categories present for this CID Text
annothitcount Count of annotation categories for CID Numeric
cidcdate CID creation date YYYYMMDD
depcatg Deposition category, reveals what type of sources Text
contributed information

pclident Consolidated literature count Numeric
gpident Patent count Numeric
sidsrcname Name of the data source(s) contributing substance Text

(SID) information for given CID

There are many records where the information has only been extracted from patents, or for which no
annotation exists. Thus, the various metadata fields listed in Table 2 can help add a lot of context to the
relevance of the entries for the particular question at hand. More advanced queries are possible to leverage
this information even further, as explained in the next sections.

PubChem “Saved Searches”

The PubChem “Saved Searches” feature can be used to save and interact with different searches using
the Boolean operators “AND”, “OR” and “NOT”. Any section of any classification browser can be sent
to PubChem Search (or uploaded via the “Upload ID list” option on the landing page). For instance, the
saved searches shown in Figure 16 can be used to find out how many Agrochemicals are OECD PFAS
with data in MassBank.EU. The window shown in Figure 16 was created by saving the “PFAS breakdowns
by chemistry” section of the PubChem PFAS Tree as “OECD PFAS (incl salt/mix)”, then saving the
“Agrochemical Information” section of the PubChem Compound TOC Tree as “Agrochemicals”, then saving
the “Information Sources > MassBank Europe” section of the PubChem Compound TOC Tree as “MassBank
Europe”, then using the “AND” functionality at the top to build the respective queries.
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These results can be viewed again in the PubChem Search interface (shown in Figure 14) and sent to Entrez

(explained in next section) to see e.g., the breakdown of Agrochemicals according to various categories of the
PubChem PFAS Tree as shown to the right of Figure 16.

Filter by Entrez History
SAVED SEARCHES
#3 Search (#2) (pccompound): 3086 results v

Q OP (0} Q (0} D P Q
oose One AND oose One Browse PubChem: PFAS and Fluorinated Compounds in PubChem Tree
(filter applied *)
~ PFAS and Fluorinated Compounds in PubChem 2 » 475
~ OECDPFAS definion 2 297
» Molecule contains isolated CF2 2 13
5 saved searches found © RefreshData W Defte All » Molecule contains isolated CF3 2 287
QUERY IDTYPE  LISTSIZE EXPIRESIN  ACTIONS ON YOUR flESULTS > Molecule contains PFAS parts arger than CF2ICF3 (2 (5.

Organofiuorine compounds 2 » 464
OECD PFAS (incl salt/mix) AND Agrochemicals AND MassBank Europe

<D 7 7 hours 0 View Results i Delete » Other diverse fluorinated compounds ? 2
» PFAS and fluorinated compound collections ? » 322
_ ) . _ ~ PFAS breakdowns by chemistry ? 305
OECD PFAS (incl salt/mix) AND Agrochemicals cip 305 7hours (@ ViewResuffs  J Delete + Breakdown by PFAS composion 2 | 305
_ » Neutral 2 205

MassBank Europe cp 16,255 7hours €@ View Rfsults  Jf Delete » saltMixture 2 10

» Breakdown by PFAS functional groups 2 305
Agrochemicals [ cip 3,086 7hours @ View Resulls] W Delete » Breakdown by PFAS part connectivity degree 2 305

» Breakdown by PFAS part formulas 2 305
OECD PFAS (incl salt/mix) cp 7,448,354 7hours (@ ViewResults [ Delete » Regulatory PFAS collections 2 2

Figure 16: Left: The Saved Searches interface in PubChem, with query builder at the top. Right: Viewing
the results will open a PubChem Search window where the results can be sent to Entrez (see Figure 14) and
then selected from a dropdown menu and browsed in the PubChem PFAS Tree (a refresh may be necessary).
Created 21 June 2023.

Interactions via Entrez

It is possible to build more extensive queries via the Entrez interface, which is accessible through the button
below the download button (see Figure 14) or by clicking the “Use Entrez” option on the PubChem landing
page. More documentation on Entrez is given here. It is also possible to send queries to Entrez via the
PubChem Identifier Exchange Service (ID Exchange), as shown in Figure 17.

PubChem Identifier Exchange Service = Select input type

Input ID List Input list of IDs @ /

cios ¥] Choose input 1D Paste identifiers/inputs
® Enter ID: . . . o .

//J e ...or upload files with identifiers/inputs
O | Browse...| No file selected. Upload a file with IDs...
No History (Retieve Choose from Entrez History

Operator Type Exchange operator @

Same CID v| Choose operator type
output IDs output 0 pe @ Select “Entrez History” as Output Method
cios v| choose output 1D type to send the query to Entrez ...
Output Method Output Method @

Entrez History v| Choose output method
Submit this job to PubChem Identifier Exchange Service
Save Job Save this job in XML format (e.g. for PUG)

[Browse...| No file selected. Load and submit a job in XML format to PubChem Identifier Exchange Service
Clear the form

Figure 17: Sending queries to Entrez via the PubChem ID Exchange.

This rest of this section steps through a few interactive examples.
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Example 1: Find all PFAS containing one linear C4Fg part with use information: To find all
molecules from the query in Figure 14 that also have use information in PubChem, the first step is to send
the 11,957 CIDs from the query above to Entrez via the “Push to Entrez” option (Figure 14, second box
encircled in red on the right). This opens a new page in the Entrez interface (not shown). Next, go to the
“Use and Manufacturing” section of the PubChem TOC Tree, send this to PubChem Search via the numbers
next to the node (Figure 18, red circle on left), and push to Entrez (Figure 19, top right). By selecting the
“Advanced” option under the search bar (Figure 18, top), the Advanced Search builder is opened and further
queries can be built. By selecting “#5 AND #9”, only the 437 chemicals with a single C4Fg linear PFAS
part (query #5) that also have use and manufacturing information in PubChem (query #9) are returned.

~ PubChem Compound TOC ? 66,703,583
PubChem PubChem Compound v| #7 OR #8|

» Agrochemical Information 2 3,086 Compound Li Help

Associated Disorders and Diseases ? 30,078 Summary ~ 20 per page~ Sort by Default order + Sendto:« Filters: Manage Filters

Biologic Description 2 2,483,983

Biological Test Results 2 4,522,208 Items: 1 to 20 of 106275

Actions on your results O
Search results Y

[ VeworDownload Stuctures in
Page (1 |of5314 Nex> Last PubChem

Chemical and Physical Properties ? 268,494

) MW: 772.700 g/mol MF: C33HagO21
. 1 BY™  IUPAC name: 2-(3,4-dihydroxyphenyl)-5-hydroxy-7-[(25,3R 45,5 BR)-3,4,5-. Refine your results - S
Classification ? 22,788,858 resacy Create Date: 2023-05-17 Subsets of your resuts
] cip: 3 Chemical Properties
. ot

Drug and Medication Information 2 20,300 Summary ~ Similar Compounds  Same Parent, Connectivity Rule of 5 (37,532)

BioActivity Experiments. =

Food Additives and Ingredients 2 7,389

PubChem Compound Advanced Search Builder
2 | Download query results here

(#5 AND #9)

Identification 2 4,693

Information Sources  ? 47,065,608

PubChem Pu

Edit Compound

Interactions and Pathways ? 205,903
3 Builder

Literature ? 4,067,701

[#5 AND #9

Names and Identifiers ? 6,945,430 AND v | [All Fields v

| or Add to history

Patents ? 38,628,908

Pharmacology and Biochemistry ? 113,655

Related Records ? 12,879,833

History Download history Clear history

» Safety and Hazards ? 173,042 Search Add to builder Query Items found ~ Time
#9 Add Search #7 OR #8 106275 11:50:556

» Spectral Information  ? = ==

p 1,575,995 #8  Add  Select 6280 document(s) 6280 11:50:54
» Structures ? 11,402,235 #7 Add Select 100000 document(s) 100000 11:50:53
#5 Add Select 11957 document(s) 11957 11:50:37
» Toxicity ? 117,703 #4 Add Select 11957 document(s) 11957 11:50:36

v

Use and Manufacturing 2 106,280

Figure 18: Advanced search via Entrez. Left: PubChem TOC Tree. Top right: the Use and Manufacturing
query in Entrez. Bottom right: the Advanced Search builder in Entrez, where query #5 (one C,Fg part only)
AND #9 (Use information) is built. This is then sent again to search via Entrez (middle right) and the 437
C;Fg compounds with use information can be browsed or downloaded via the “View or Download Structures
in PubChem” option. Queries run on 21 June 2023.

Example 2: Browse all OECD PFAS with mass spectrometry information: The Entrez function-
ality can be used to find out which PFAS or organofluorine compounds have mass spectrometry information
available in PubChem (or in resources integrated within PubChem). The tree contents can be subset according
to other available information, as shown in Figure 19. First, go to the “Mass Spectrometry” section of the
PubChem TOC Tree, under the “Spectral Information” heading, and send this query to Entrez (see Figure 19
left and top right). Then, go back to the PubChem PFAS Tree and refresh the contents. A new dropdown
menu will appear (if not already present) called “Filter by Entrez History” (Figure 19, bottom right). By
selecting the chosen query in this dropdown menu, the tree will then be subset by the contents within that
query, such that only CIDs that are in the tree and in the query will show (in Figure 19, ~56K not 21M
CIDs). The same holds for any advanced query, so it would be possible to e.g. do a subset of only mass
spectra that occur in MassBank EU or NIST by additionally adding the relevant “Information Sources” (from
the PubChem TOC Tree) to the Entrez query. Since large queries such as the “Mass Spectrometry” category,
or advanced AND/OR combinations can end up quite complicated, noting the query number (#XXX) and
the number of compounds in the result can be helpful. Alternatively, use the Saved Searches functionality to
name the searches before sending them to Entrez (Figure 16).
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~ PubChem Compound TOC ? 66,703,583 SEARCH FOR {
Agrochemical Information 2 3,086 PubChem: PubChem Compound TOC: Mass Spectrometry X Q

v

v

Associated Disorders and Diseases 2 30,078 Treating this as a previously computed list of identifirs.

v

Biologic Description ? 2,483,983 Compounds

Biological Test Results ? 4,522,208
1194,439 results = Filters SORTBY  Relevance v 3 Download v

Chemical and Physical Properties ? 268,494
Classification ? 22,788,858
Drug and Medication Information 2 20,300

v

v

ACTIONS ON RESULTS WITH ID TYPE:

-

Acetylcarnitine; 14992-62-2; ... Compounds

37( Acetyl-DL-Carnitine; Acetylcarnitine; DL-O-Acetylcarnitine; DL-

v

Compound CID: 1
MF: CoHiNO; MW: 203 24g/mol
1UPAC Name: 3-acetyloxy-4-(trimethylazaniumyDbutanoate
Isomeric SMILES: CC(=0)0C(CC(=0)[O-ICIN+IO)C)C

InChiKey: ROHQFKQIGNGIED-UHFFFAOYSA-N

InChl: InChi=15/CIH17NO4/c1-7(11)14-8(5-9(12)13)6-10(2,3)4/h8}
Create Date: 2005-06-23

[Fllter by Entrez History ] -

Push to Entrez

&)

-

Food Additives and Ingredients ? 7,389 b+

Sayefor Later v

v

Identification ? 4,693
Information Sources ? 47,065,608

Linked Data Sets v

v

v

Interactions and Pathways ? 205,903
Literature 2 4,067,701
Names and Identifiers ? 6,945,430
Patents ? 38,628,908

v

#25 Search (#24) (pccompound): 1194438 results

-

-

Browse PubChem: PFAS and Fluorinated Compounds in PubChem Tree (filter applied *)

~ PFAS and Fluorinated Compounds in PubChem| ?  » 56,260

~ OECD PFAS definition 2 » 20,742 Contents of the tree

» Molecule contains isolated CF2 2 2,273 now Subset by the

» Molecule contains isolated CF3 2 22,151 N

» Molecule contains PFAS parts larger than CF2/CF3 2 6,054 Entrez hlStOl’y. Note
Organofiuorine compounds ? 2 55917 that the tree may
Other diverse fluorinated compounds ? 585 need to be

PFAS and fluorinated compound collections 2 » 7,103
refreshed (e.g. F5).

v

Pharmacology and Biochemistry 2 113,655
Related Records 2 12,879,833

-

v

Safety and Hazards ? 173,042

]

Spectral Information 2 1,575,995
» 1IDNMR Spectra ? 431,334
» 2DNMR Spectra ? 1,049

» Chromatograms ? 154
» IRSpectra ? 87,754

[ » Mass Spectrometry ? 1,194,439
» UVSpectra ? 16,476

PFAS breakdowns by chemistry ? 29,829
Regulatory PFAS collections ? 496

Figure 19: Subsetting Tree Contents via Entrez. Left: PubChem TOC Tree, “Mass Spectrometry” subsection.
Top right: the “Mass Spectrometry” query in PubChem Search (to be sent to Entrez). Bottom right: the
PubChem PFAS Tree subset by Mass Spectrometry, now only displaying CIDs where mass spectrometry
information is available in PubChem. Queries Tun on 21 June 2023.

Browse PubChem: Aggregated CCS Classification Tree Filter by Entrez History

_/— —> #30 Select 5699 document(s) (pccompound): 5699 results

» Aggregated CCS Information 2 5,699 Browse PubChem: PFAS and Fluorinated Compounds in PubChem Tree (filter applied *)

~ Aggregated CCS Classification ? 5,699

» CCSbase ? 4911
» NORMAN-SLE: S50 | CCSCOMPEND | The Unified Collision Cross Secti ~ PFAS and Fiuorinated Compounds in PubChem | 2 || 2] | 209
» OECD PFAS definiion 2 » 87
» NORMAN-SLE: S61 | UJICCSLIB | Collision Cross Section (CCS) Library
» Organofiuorine compounds 2 2 201
» NORMAN-SLE: S79 | UACCSCEC | Collision Cross Section (CCS) Library

Other diverse fluorinated compounds 2

PFAS and fluorinated compound collections 2 2 165

PFAS breakdowns by chemistry ? 91

Regulatory PFAS collections 2 28

Figure 20: Subsetting Tree Contents via Entrez. Left: Aggregated CCS Classification Tree. Right: the PubChem
PFAS Tree subset by CCS wvalues, now only displaying CIDs where collision cross section information is
available in PubChem. Queries run on 21 June 2023.
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Example 3: Browse all PFAS with CCS information: Figure 20 (previous page) shows how to explore
the PFAS with collision cross section (CCS) values using the Aggregated CCS classification.

Extra Details

This documentation is primarily aimed at describing the features of the PubChem PFAS Tree. This section
includes some additional technical details, which will be expanded as further questions arise.

Programmatic Interactions via PUG REST

It is possible to interact with the PubChem PFAS Tree programmatically. For more extensive details on
PUG REST and other programmatic access than contained below, please see the following locations in the
PubChem documentation:

 https://pubchem.ncbi.nlm.nih.gov/docs/programmatic-access
 https://pubchem.ncbi.nlm.nih.gov/docs/pug-rest

o https://pubchem.ncbi.nlm.nih.gov/docs/pug-rest-tutorial

o https://pubchem.ncbi.nlm.nih.gov/docs/pug-rest#section=Classification-Nodes

Example code describing how to interact with the PubChem PFAS Tree is provided in a separate document,
available as PFAS_Tree in_R.pdf or PFAS Tree in_ R.Rmd.

Areas of Development

There are currently several areas of active development, including:

e Handling of ethers and other connecting atoms;
o Adding salts/mixtures into the organofluorine and other fluorinated content sections
e Handling of polymer and poorly defined entries.

Polymers/Poorly defined entries: Since the entire PubChem PFAS Tree is constructed on CIDs (i.e.,
compounds), substance entries (denoted by substance identifiers, SID) are not included. Thus, undefined or
poorly defined entities and polymers are not included (such as the example in Figure 21). More information
about the difference between compound and substances on PubChem is available here.

PUb © hem About Docs Submit Contact Q_ search PubChem

COMPOUND SUMMARY 99 Cite ¥ Download
Polytetrafluoroethylene CONTENTS
I Title and Summary
1 Synonyms
Seealso: +A  Tetrafluoroethylene (has monomer).
2 Names and Identifiers v

3 Chemical and Physical Properties v

PubChem CID Not available because this is not a discrete structure. 4 Related Records M

5 Drug and Medication Information v

Figure 21: An example of a polymer not yet included in the PFAS Tree - Teflon.

PFAS Test set

A test set of PFAS and non-PFAS from the OECD Report [4] has been compiled to check the performance
of the PubChem PFAS Tree. The test set (XLSX) can be downloaded here. Other formats can be made
available if requested (and if reasonably possible).
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https://gitlab.lcsb.uni.lu/eci/pubchem/-/raw/master/annotations/pfas/OECD_Report_Examples.xlsx?inline=false

Downloading large files

Attempting to download nodes containing millions of entries can result in download files that exceed Microsoft
Office size limits. Adjusting this example download URL can be used to select columns and row numbers, to
navigate around the limits. Please note that the cache key will have to be replaced by an active download
query cache key for this URL to work.

Contact Details

User feedback is extremely valuable to help improve this tree further. Please reach out to either contact
author (details on first page, or email Evan and Emma directly) with feedback and comments! Suggestions for
PFAS or fluorinated compound collections to include in the “PFAS and Fluorinated Compound Collections”
section of the PubChem PFAS Tree can be sent to pubchem-help@ncbi.nlm.nih.gov or Emma Schymanski
directly.

For general questions about PubChem and the functionality described here, please reach out to the PubChem
Help mailing list for further support.
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