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Chromatogram: Schymanski et al. (2014) DOI: 10.1021/es4044374; Resource numbers updated 6 Sept. 2023.  
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http://pubs.acs.org/doi/abs/10.1021/es4044374


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


Gathering Expert Knowledge: NORMAN-SLE
https://www.norman-network.com/nds/SLE/
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Mohammed Taha et al. (2022) DOI: 10.1186/s12302-022-00680-6

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


What is ? https://pubchem.ncbi.nlm.nih.gov/

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


NORMAN-SLE in PubChem

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


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

8
Hollender et al. (2023) DOI: 10.1186/s12302-023-00779-4

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


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

AnalysisAnalysis Data Pre-
Processing Prioritization Identification

Modified from: Hollender, Schymanski et al. 2018, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184
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https://pubs.acs.org/doi/10.1021/acs.est.7b02184


Open Source Workflows for NT-HRMS: patRoon

Helmus et al. (2022) patRoon 2.0 J. Open Source Software, DOI: 10.21105/joss.04029
Helmus et al. (2021) patRoon. J. Cheminformatics. DOI: 10.1186/s13321-020-00477-w
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https://doi.org/10.21105/joss.04029
https://doi.org/10.1186/s13321-020-00477-w
https://rickhelmus.github.io/patRoon/


Blank correction ⇨ (Internal) standards quality control

Raw data / Extracted Ion Chromatograms OR Peak picking ⇨ Componentization ⇨ Peak (feature) list

Sampling ⇨ Sample preparation ⇨ Chromatography ⇨ Mass spectrometry  
Mod. from Hollender 

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

023-00779-4
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https://doi.org/10.1186/s12302-023-00779-4
https://doi.org/10.1186/s12302-023-00779-4
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Blank correction ⇨ (Internal) standards quality control

Confirmation with standard & quantification

Raw data / Extracted Ion Chromatograms OR Peak picking ⇨ Componentization ⇨ Peak (feature) list

Sampling ⇨ Sample preparation ⇨ Chromatography ⇨ Mass spectrometry  

Target screening 
with target list

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

023-00779-4

https://doi.org/10.1186/s12302-023-00779-4
https://doi.org/10.1186/s12302-023-00779-4
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Blank correction ⇨ (Internal) standards quality control

Confirmation with standard & quantification

MS(MS) 
library search

Raw data / Extracted Ion Chromatograms OR Peak picking ⇨ Componentization ⇨ Peak (feature) list

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

Sampling ⇨ Sample preparation ⇨ Chromatography ⇨ Mass spectrometry  

Tentative identification, semi-quantification
where     possible

Target screening 
with target list

where     possible where     possible

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

023-00779-4

GNPS Mirror Plot Example

https://doi.org/10.1186/s12302-023-00779-4
https://doi.org/10.1186/s12302-023-00779-4
https://metabolomics-usi.gnps2.org/dashinterface/?usi1=mzspec%3AGNPS%3ATASK-8925aa40e48e468ca9ba02955ee369e6-spectra%2Fspecs_ms.mgf%3Ascan%3A1618&usi2=mzspec%3AGNPS%3AGNPS-LIBRARY%3Aaccession%3ACCMSLIB00000072217&width=10.0&height=6.0&mz_min=None&mz_max=None&max_intensity=150&annotate_precision=4&annotation_rotation=90&cosine=standard&fragment_mz_tolerance=1.0&grid=True&annotate_peaks=%5B%5B527.1060180664062%2C%20689.155029296875%2C%20791.1669921875%2C%20833.1929931640625%5D%2C%20%5B527.3635864257812%2C%20689.3635864257812%2C%20791.45458984375%2C%20833.3635864257812%5D%5D
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Blank correction ⇨ (Internal) standards quality control

Confirmation with standard & quantification

MS(MS) 
library search

Suspect screening 
with suspect list

Raw data / Extracted Ion Chromatograms OR Peak picking ⇨ Componentization ⇨ Peak (feature) list

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

Sampling ⇨ Sample preparation ⇨ Chromatography ⇨ Mass spectrometry  

Tentative identification, semi-quantification
where     possible

Target screening 
with target list

where     possible where     possible

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

023-00779-4

- Best with relatively small lists
(tens to hundreds of entries)

- Large suspect lists have many 
false positives
=> non-target screening

https://doi.org/10.1186/s12302-023-00779-4
https://doi.org/10.1186/s12302-023-00779-4
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Blank correction ⇨ (Internal) standards quality control

Confirmation with standard & quantification

MS(MS) 
library search

Suspect screening 
with suspect list

Prioritization of peaks for 
non-target screening

Database search for candidates

Raw data / Extracted Ion Chromatograms OR Peak picking ⇨ Componentization ⇨ Peak (feature) list

Molecular formula

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

Sampling ⇨ Sample preparation ⇨ Chromatography ⇨ Mass spectrometry  

Tentative identification, semi-quantification
where     possible

Target screening 
with target list

where     possible where     possible

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

023-00779-4

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


Identification Strategies and Confidence in NT-HRMS(/MS)

Peak 
picking

Non-target HR-MS(/MS) Acquisition

Target
Screening

Suspect
Screening

Non-target
Screening

Start
Level 1 Confirmed Structure

by reference standard

Level 2 Probable Structure
by library/diagnostic evidence

Start
Level 3 Tentative Candidate(s)

suspect, substructure, class

Level 4 Unequivocal Molecular Formula
insufficient structural evidence 

Start
Level 5 Mass of Interest

multiple detection, trends, …

Target list Suspect list

Peak picking or XICs

Schymanski et al, 2014, ES&T. DOI: 10.1021/es5002105 & Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7

Limited by ref. std. 
availability …
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https://doi.org/10.1021/es5002105
https://doi.org/10.1007/s00216-015-8681-7
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Identification Strategies and Confidence in NT-HRMS(/MS)

Peak 
picking

Non-target HR-MS(/MS) Acquisition

Target
Screening

Suspect
Screening

Non-target
Screening

Start
Level 1 Confirmed Structure

by reference standard

Level 2 Probable Structure
by library/diagnostic evidence

Start
Level 3 Tentative Candidate(s)

suspect, substructure, class

Level 4 Unequivocal Molecular Formula
insufficient structural evidence 

Start
Level 5 Mass of Interest

multiple detection, trends, …

“downgrading” with 
contradictory evidence

Increasing identification
confidence

Target list Suspect list

Peak picking or XICs

Schymanski et al, 2014, ES&T. DOI: 10.1021/es5002105 & Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7

Limited by ref. std. 
availability …

The “dark matter”

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


A PFAS-Specific Confidence Scale (adapting, not reinventing)
Level Identification Confidence Accurate 

Mass
Mass 

Defect
Isotopic 

Pattern Match
Consistent 

RT
Homologue 

(number; level)
MS2 Fragments 
(number; type)

Library 
MS2

Reference 
Standard

Level 1a Confirmed by reference standard ✓ ✓ ✓ ✓ ✓ ✓

Level 1b
Indistinguishable from reference 
standard ✓ ✓ ✓ ✓ ✓ ✓

Level 2a Probable by library spec. match ✓ ✓ ✓ ✓ ✓

Level 2b
Probable by diagnostic 
fragmentation evidence ✓ ✓ ✓ ✓ ≥ 1; 

≥ level 3 ≥ 3; diagnostic

Level 2c
Probable by diagnostic 
homologue evidence ✓ ✓ ✓ ✓ ≥ 2; 

≥ level 2a ≥ 2; diagnostic

Level 3a Positional isomer candidates ✓ ✓ ✓ ✓ ≥ 1; 
≥ level 3

≥ 1; subclass-
aligned

Level 3b Fragmentation-based candidate ✓ ✓ ✓ ✓ ≥ 1; 
≥ level 3

≥ 1; subclass-
aligned

Level 3c
Circumstantial candidate with 
fragmentation evidence ✓ ✓ ✓ ✓ ≥ 1; 

≥ level 3
≥ 1; subclass-

aligned (in silico)

Level 3d
Circumstantial candidate with 
homologue evidence ✓ ✓ ✓ ✓ ≥ 2; 

≥ level 2a

Level 4 Unequivocal molecular formula ✓ ✓ ✓

Level 5a
PFAS suspect screening exact 
mass match

✓ (suspect 
list match)

Level 5b
Nontarget PFAS exact mass of 
interest ✓ ✓ ≥ 3

≥ 2; subclass-
aligned (in silico)

20
Charbonnet et al, 2022, ES&T Letters DOI: 10.1021/acs.estlett.2c0206

https://doi.org/10.1021/acs.estlett.2c0206
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Charbonnet et al, 2022, ES&T Letters DOI: 10.1021/acs.estlett.2c0206. Examples c/o J. Charbonnet 

https://doi.org/10.1021/acs.estlett.2c0206
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Charbonnet et al, 2022, ES&T Letters DOI: 10.1021/acs.estlett.2c0206. Examples c/o J. Charbonnet 

Example: FPeSA (C5F11SO2NH2)
Fragment: 98.9790 in all series members [FSO2NH2]
FOSA confirmed with a standard 

https://doi.org/10.1021/acs.estlett.2c0206


Grand Challenge: HR-MS “Chemical Space” is too big! 

204 million 116 million 128 million

Candidates with high information content

Candidates with low information content

1.2 million

…and prohibitive run times!





[Flashback 6 months ago …]

Schymanski & Bolton (2023) ZeroPM Webinar, Zenodo. DOI: 10.5281/zenodo.7756622
25

https://doi.org/10.5281/zenodo.7756622


[Flashback 6 months ago …]

Schymanski & Bolton (2023) ZeroPM Webinar, Zenodo. DOI: 10.5281/zenodo.7756622
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https://doi.org/10.5281/zenodo.7756622


Motivation: Updated OECD PFAS Definition in 2021

27
OECD Monograph ENV/CBC/MONO(2021)25 (9 July 2021) – Figure 8

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


The PFAS Tree 

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

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

28

“OECD PFAS”

“OECD PFAS” 
(+salts/mixtures)

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/CBC/MONO(2021)25&docLanguage=En


The PFAS Tree 

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

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

29

“OECD PFAS” 
(+salts/mixtures)

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/CBC/MONO(2021)25&docLanguage=En


Over 6 million OECD PFAS in ?!?!?!

Note: this does not include
mixtures and salts … 

30https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

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


PFAS Breakdown by Chemistry

31



PFAS Breakdown by Chemistry
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The PFAS Tree – Collection of Suspect Lists 

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120 33

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


PFAS Suspect Lists – NORMAN-SLE / NIST

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

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

1,232 new CIDs!
34

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

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://www.nist.gov/people/benjamin-place
https://www.nist.gov/people/benjamin-place
https://doi.org/10.1186/s12302-022-00680-6


PFAS Suspect Lists – OntoChem+Google / PubChem 

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

More info: DOI: 10.5281/zenodo.7185579

Barnabas et al. (2022) Digital Discovery. 
DOI: 10.1039/D2DD00019A

Digital Discovery 
Webinar

35

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://doi.org/10.5281/zenodo.7185579
https://doi.org/10.5281/zenodo.7185579
https://doi.org/10.1039/D2DD00019A


PFAS Suspect Lists – CompTox – 42(!!!) PFAS Lists

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

36

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://doi.org/10.3389/fenvs.2022.850019


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

Adding Regulatory Collections to the PFAS Tree

POPRC slides available at 
DOI: 10.5281/zenodo.7118551

37Thanks to Andreas Buser, FOEN, CH

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://doi.org/10.5281/zenodo.7118551
https://doi.org/10.5281/zenodo.7118551


Example: PFHxS in Stockholm Convention vs EU REACH

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
38

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


PFHxS cont.: How can you find what is relevant for you?

39

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


Download files contain additional information…

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

40

Basic properties – name, identifiers, SMILES, XlogP, mass, formula etc.

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

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


Download files contain additional information…

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

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


Integration of MetFrag and PFAS Tree 

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

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

https://msbi.ipb-halle.de/MetFrag/
Slides available at DOI: 

10.5281/zenodo.6461325

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

Aurich et al (2023). SETAC Presentation, DOI: 10.5281/zenodo.7885031 and https://gitlab.lcsb.uni.lu/eci/chemicalstripes
45

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

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

46

Patents & literature

Patents

Literature

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

https://gitlab.lcsb.uni.lu/eci/chemicalstripes
47

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


The Chemical Stripes and Patent Data

Left: Neuwald et al, STOTEN, DOI: 10.1016/j.scitotenv.2023.163921
Photo of Daniel Zahn, UFZ at SETAC Europe, 30 April – 4 May, 2023. Image reused with permission

EV
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(live stripe calculations during SETAC 2023)

https://gitlab.lcsb.uni.lu/eci/chemicalstripes
https://doi.org/10.1016/j.scitotenv.2023.163921


Read/see more about the PFAS Tree
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Interactive walk-through (~23 min)
https://www.youtube.com/watch?v=g-sAazaagas
Detailed webinar (1 hr)
https://www.youtube.com/watch?v=jkdvCs4pGzU

DOI: 10.26434/chemrxiv-2023-j823z

https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/raw/main/pfas-tree/PFAS_Tree.pdf?inline=false
https://www.youtube.com/watch?v=g-sAazaagas
https://www.youtube.com/watch?v=jkdvCs4pGzU
https://doi.org/10.26434/chemrxiv-2023-j823z


Advanced Queries
Schymanski et al.(2023) DOI: 

10.26434/chemrxiv-2023-j823z

“Saved Searches” option

50
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https://doi.org/10.26434/chemrxiv-2023-j823z


Advanced Queries
Schymanski et al.(2023) DOI: 

10.26434/chemrxiv-2023-j823z

“Saved Searches” option

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


The source of PFAS data in   PubChem?
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Glüge et al. (2020) ESPI, DOI: 10.1039/d0em00291g

Bugsel et al. (2022) ABC, 414, 1217-1225. DOI:10.1007/s00216-021-03463-9
https://pubchem.ncbi.nlm.nih.gov/compound/156620404#section=1H-NMR-Spectra

https://twitter.com/AcademicTox/
status/1605997310726443009

Parviel 
Chirsir

@PChirsir…and many more!

https://tarheels.live/bakerlab/

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/


FAIRifying PFAS TPs

https://twitter.com/AcademicTox/
status/1479841982679765001

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

https://pubchem.ncbi.nlm.nih.gov/compound/69537#section=Pharmacology-and-Biochemistry
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https://twitter.com/AcademicTox/status/1479841982679765001
https://twitter.com/AcademicTox/status/1479841982679765001
https://doi.org/10.1016/j.cbi.2005.06.007
https://pubchem.ncbi.nlm.nih.gov/compound/69537#section=Pharmacology-and-Biochemistry


Open Transformation Products Workflows in patRoon 2.0

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Helmus et al (2022) DOI: 10.21105/joss.04029
Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) Transformations in PubChem, DOI: 10.5281/zenodo.5644560

54

https://doi.org/10.1186/s13321-021-00489-0
https://doi.org/10.21105/joss.04029
https://doi.org/10.5281/zenodo.5644560
https://rickhelmus.github.io/patRoon/


time

Applying TP NT-HRMS Workflows with patRoon

Mod. from Palm et al (2023) ShinyTPs, DOI: 10.26434/chemrxiv-2023-xm41h, Palm et al (2023). SETAC Presentation, DOI: 10.5281/zenodo.7885829
55

time

Desethyl-atrazine

TFA

Benzidine

TP library
Suspect/Non-

target screening

TP suspect 
screening

https://doi.org/10.26434/chemrxiv-2023-xm41h
https://doi.org/10.5281/zenodo.7885829
https://rickhelmus.github.io/patRoon/


Take home messages
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• Open data & suspect lists support NT-HRMS workflows
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• Open data & suspect lists support NT-HRMS workflows

• There really are >7 million PFAS 
in PubChem!

Schymanski et al (2023) DOI: 10.26434/chemrxiv-2023-j823z & https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120

https://doi.org/10.26434/chemrxiv-2023-j823z
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120


Take home messages
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• Open data & suspect lists support NT-HRMS workflows

• There really are >7 million PFAS 
in PubChem!

• Annotation content helps find and 
interpret the relevant entries
(and this comes from YOU!)

• Video: https://vimeo.com/jpmlmusic/ourchemicalpastpresentandfuture
• Soundtrack: https://soundcloud.com/jamieperera/our-chemical-past-

present-and-future
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
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• Open data & suspect lists support NT-HRMS workflows

• There really are >7 million PFAS 
in PubChem!

• Annotation content helps find and 
interpret the relevant entries
(and this comes from YOU!)

• Workflows are available in patRoon (and more)

• 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

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

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/


Today’s slides:
DOI: 10.5281/zenodo.8353248

Email: emma.schymanski@uni.lu
Twitter/X: @ESchymanski

@schymane@mstdn.social
ORCID: 0000-0001-6868-8145
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