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Our (Community) Challenge: Identifying Chemicals
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Schymanski et al (2014) ES&T, DOI: 10.1021/es4044374; Vermeulen et al (2020) Science. DOI: 10.1126/science.aay3164
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NORMAN Collaborative Trial (2015)
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NORMAN Collaborative Trial (2015): Results
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How to measure? LC vs GC?
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How to measure? lonisation

Singh, RR et al (2020) DOI: 10.1007/s00216-020-02716-3 ; Ulrich, EM et al (2019) DOI: 10.1007/s00216-018-1435-6
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What we measure in biota/water/sediment

Retrospective screening of REACH chemicals in
Black Sea samples (various matrices)
Occurrence Results
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Emerging contaminants in different countries
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Alygizakis NA et al (2018) DOI: 10.1021/acs.est.8b00365 and DOI: 10.5281/zenodo0.2623815
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Connecting and Enhancing Open Resources

o Sharing knowledge is a win-win situation
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NORMAN Digital Sample Freezing Platform

intevsity

“Live” retrospective screening of known and unknown
chemicals in European samples (various matrices)
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Real-time Monitoring of the Rhine River
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1.0

...................... + F 1.5
J—
]
_________________ ¥ e 1
os4 W = FFR __mmemmmmmeme-
=)
2 0.5
= 0.1t 0.4t 0.2t
o
B 0.0 S— . : )
® 2.0
s ]
7 Y T N PRI - 30
U ------------------
c e
8 .,..-"‘"", . . N N
e mitigation Il 50
. measure
1.0 o
----- N/} \\\\N
TCP L 10
001 T . ——" w Al
2014 2015 2016
siicss uni.lu

Hollender, Schymanski, Singer & Ferguson, 2018, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184

UNIVERSITE DU
LUXEMBOURG

------ cumulative load [t]

15


http://dx.doi.org/10.1021/acs.est.7b02184

Historical Contamination in Lake Sediments gawag
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Chiaia-Hernandez et al. Anal. Bioanal. Chem. 2014, 406 (28), pp 7323-7335. DOI: 10.1007/s00216-014-8166-0



Micropollutant Time Trends In

Riverbank Filtration Systems
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Albergamo et al. 2019 Environ. Sci. Technol. 53 (13), 7584-7594, DOI: 10.1021/acs.est.9b01750
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Challenge 1: Scarcity of MS/MS Spectra  Universitar

INNSBRUCK

o Only available for ~0.1-4 % of Exposomics-relevant resources
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H. Oberacher et al. (2020) Environmental Sciences Europe 32: 43. DOI: 10.1186/s12302-020-00314-9
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Comparablility of MS/MS Spectra: QTOF v Orbitrap
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Oberacher et al. 2019, Metabolites, 9(1), 3; https://doi.org/10.3390/metabo9010003
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MassBank EU: Capturing Environmental Spectra

http://massbank.eu/MassBank und https://github.com/MassBank/

MassBank Europe

Home Search Record Index Data Privacy Imprint MassBank ﬂ

m.’ MassBank.eu

Contributor top 10

Search Recorc

——

\ Washington_State

b

News (At

Dear friends of MassBank,

Update 9 September 2020: The new MassBank data re
MassBank Europe. The release version is 2020.09 with th:
contributed 7299 new records.

>88,100 spectra
~16,500 compounds
>47 contributors

@ Fac_Eng_Univ_Tokyo : 14.0%
@ RIKEN : 13.0%
[Far Can lleic Talan - 44 0o | © Eawaa - 12.0%

® © & GitHub, Inc. (US) | https://github.com/MassBank

RMassBank

Forked from sneumann/RMassBank
Playground for experiments on the ¢
/devel/bioc/html/RMassBank.html

®r ¥11 %3 ®77 N1

MassBank-web

The web server application and direc
web server

Q@iava Y11 H5 ®Oe2 N1

MassBank-data
Official repository of open data Mas:

library repository mass-spectro

Shell %23 w14 ®23 ¢

MoNA - MassBank of North America

Submitter High Scores

Name Avg. Score Spectra
Q, Clayton Bloszies L 0. 0.0 & ¢ 4
Q Makoto Arita * Kk kk 754

®  Q Prasad Phapale 0 0.0 .6 .01 1,293

4 Q, Ryo Nakabayashi L 0. 0.0 & ¢ 8.655

5 Q, Anjana Elapavalore % % & K K 7,299

6 Q, Kourosh Hooshmand L. 0. 0.6 0 20

7 Q, Bryan Roberts L 0. 0 6 6 37

8  QCASMITeam LB .0 .0 &6 648

9 Q, Philippe Kopplin L0 .0 0 61 903

10  Q Eawag Team L 0. 0. 6 6 11,894


http://massbank.eu/MassBank
https://github.com/MassBank/

Challenge 2: Connection to Effects!

A. Chemical Analysis

)
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mediated

y effect
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stress
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Modified from Escher, Stapleton, Schymanski (2020). Science. DOI: 10.1126/science.aay6636
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How can we digest all this information in Exposomics?

/ / \\/ collaborative

[ Non-target HR-MS(/MS) Acquisition
I I
(Targetlist] (Suspectlist, library]
I I "
/ ( Peak picking or Xlis | picking

] Suspect
Screening

Image: https://www.wikidata.org/wiki/Wikidata:Main_Page; Vermeulen et al (2020) Science. DOI: 10.1126/science.aay3164
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Knowledge

ing

Capturi

NORMAN Suspect List Exchange

>73 lists!

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

suspects
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o https://pubchem.ncbi.nlm.nih.gov/classification/#hid
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Connecting multiple lines of evidence for identification
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Connecting multiple lines of evidence for identification
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Challenge: the growing number of candidates ...
Need: wide coverage and high efficiency!

Candidate Score Distribution
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The 111 million Pub@hem Challenge .. [N bttt

~ PubChem Compound TOC 7 33,765,953 111 million ... OR ...
> Aarochemicslinormaton (1) 12,002 the most relevant / annotated?
» Biologic Description ? 4,539,532 .
» Biological Test Results ? 3 467,416 EnVII’OnmentBJ USG Case
» Biomolecular Interactions and Pathways ? 109,610 PUbChelete tlero 316 K

» Chemical and Physical Properties 7 237,729

o Exposomics Use Case:
» Classification ? 18,569,627 . .
» Diseases [3 PubChemlLite tierl: 360 K

» Drug and Medication Information ? 415955
» Food Additives and Ingredients  ? 7,447

» Identification ? 5,746

January 14, 2020 [ Dataset | open Access | ‘ ‘

» Information Sources ? 20,654,780

PubChemlLite tier0 and tierT

(® Bolton, Evan; (» Schymanski, Emma

» Literature ? 1,668,437

» Names and |dentifiers ? 1,310,169 - : . . : i Communities
i LCSB Environmental - Remove
» Patents 2?2 22,144,888 Dilabase Seltngs Cheminformatics
Group
» Pharmacology and Biochemistry 2 130,367
Database: lPubChemLite_‘14Jan2020 = ‘
» Related Records ? 5,297,096 '
» Safety and Hazards ? 125,607 Neutral Mass: 162.11576 S h k] 503 482
: eultra ass _ earch ppm - @ views & downloads
» Spectral Information ? 761,478 See more details...
Formula: | C10H14N2 |

» Structures ? 5026,225
» Toxicity ? 114,554 |dentifiers: ( |

» Use and Manufacturing ? 108,745 -
Retrieve Candidates 37 Candidates *ra g
Chemical Safety ? 122,739 v

26

Bolton & Schymanski (2020). PubChemlL.ite tierO and tierl (Version PubChemLite.0.2.0) DOI: 10.5281/zenod0.3611238
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PubChemLite: tailor-made database + metadata
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How does PubChemLite perform? B 5 e e ot e

o 103 M => 300 K ... how does this influence performance?

|. Rank=1 l B Rz [ rak=35 [ Renk-s
( MetFragRL, PubChem 2016
MS/MS only (n=473)
MetFragRL, PubChem 2016
MS/MS + Metadata (n=1298)
\_
MetFragRL, PubChemlLite tierO
MS/MS, Ref, Patents, FPSum (n=1298)
MetFragRL, PubChemlLite tierl
MS/MS, Ref, Patents, FPSum (n=1298)

¥ NORMAN Suspect List Exchange Classificaton ? » 117,037

Missing

» 513 | EUCOSMETICS | Combined Inventory of Ingredients Employed in Cosmetic Products (2000) and
» S525| OECDPFAS | List of PFAS fromthe OECD ? 3,680

» S50 | CCSCOMPEND | The Unified Collision Cross Section (CCS) Compendium ? 647

» S60 | SWISSPEST19 | Swiss Pesticides and Metabolites ? 1,358

» S61 | UJICCSLIB | Collision Cross Section (CCS) Library fromUJI 2 574

» S66 | EAWAGTPS | Parent-Transformation Product Pairs from Eawag ? 258

» S68 | HSDBTPS | Transformation Products Extracted from HSDB Contentin PubChem ? 97 28

Ruttkies et al. (2016) DOI: 10.1186/s13321-016-0115-9, Bolton & Schymanski (2020), DOI: 10.5281/zen0do0.3611238 & in prep.



https://link.springer.com/article/10.1186/s13321-016-0115-9
https://doi.org/10.5281/zenodo.3611238

Transformation Products: Filling the Data Gaps!

Pub@hem NORMAN Suspect List Exchange

~ NORMAN Suspect List Exchange Classification 2 2 417,037

» S13 | EUCOSMETICS | Combined Inventory of Ingredients Employed in Cosmetic Products (2000) and Revised Inventory (2006) ? 4,122

» S25| OECDPFAS | List of PFAS from the OECD ? 3,680

» S50 | CCSCOMPEND | The Unified Collision Cross Section (CCS) Compendium ? 647

» S60 | SWISSPEST19 | Swiss Pesticides and Metabolites ? 1,358

» S61 | UJICCSLIB | Collision Cross Section (CCS) Library from UJI 2 574

» S66 | EAWAGTPS | Parent-Transformation Product Pairs from Eawag ? 258

» S68 | HSDBTPS | Transformation Products Extracted from HSDB Content in PubChem ? 97

» S69 | LUXPEST | Pesticide Screening List for Luxembourg ? 386 v
» S72 | NTUPHTW | Pharmaceutically Active Substances from Pub@hem Terbuthylazine (Compound)

S00 | SUSDAT | Merged NORMAN Suspect List: SusDat 7 .

8.5 Transformations @@
S01 | MASSBANK | NORMAN Compounds in MassBank EU |

Page 3 of 25 i View More Rows & Details [7] ¥
S02 | STOFFIDENT | HSWT/LfU STOFF-IDENT Database of y F9¢ 3 0f 25 ftems  View More Rows & Details [ = Download
S03 | NORMANCT15 | NORMAN Collaborative Trial Targets an SORT BY Please Choose One v
S04 | UJIBADE | Target List from UJI used in Bade et al 2015 Predecessor Predecessor Transformation  Successor Successor Name Evidence DOI

Image Name Image

S05 | KWRSJERPS | KWR Drinking Water Suspect List 2 4

S06 | ITNANTIBIOTIC | Antibiotic List from the ITN MSCA ANS'

Mammalian 6-Chloro-1,3,5-
Terbuthylazine . triazine-2,4- 10.5281/zenodo.382]
metabolism diamine

S07 | EAWAGSURF | Eawag Surfactants Suspect List 2 13

S09 | PFASTRIER | PFAS Suspect List of fluorinated substance

S08 | ATHENSSUS | University of Athens Surfactants and Susg
%l, Terbutylazine Deethylation %‘L ;I'ieerst;:;c]yyllazinef 10.1007/513361-017-



NORMAN-SLE on Pub(€hem [ Ui, o) vy o e

Pub@hem Terbuthylazine (Compound)

Microbiocides, Algicides, Herbicides
S69 | LUXPEST | Pesticide Screening List for Luxembourg | DOI:10.5281/zenodo.3862688

» NORMAN Suspect List Exchange

Pesticides -> Herbicides -> Triazine herbicides -> Chlorotriazine herbicides
S66 | EAWAGTPS | Parent-Transformation Product Pairs from Eawag | DOI:10.5281/zenodo.3754448

» NORMAN Suspect List Exchange

7.2 Agrochemical Transformations @G

Terbutylazine has known environmental transformation products that include Terbutylazine-2-hydroxy,
Terbutylazine-desethyl, and Terbutylazine-desethyl-2-hydroxy.

S66 | EAWAGTPS | Parent-Transformation Product Pairs from Fawag | DOI:10.5281/zenodo.3754448

» NORMAN Suspect List Exchange

Terbutylazine has known environmental transformation products that include CSAA036479, CSAA04949,
CSCD648241, CSCD692760, GS31398, MT1, GS 26379, MT13, GS 23158, Terbutylazine metabolite MT14,

Terbutylazine metabolite MT23, and Terbutylazine metabolite MT24. 30

S60 | SWISSPEST19 | Swiss Pesticides and Metabolites from Kiefer et al 2019 | DOI:10.5281/zenodo.3544759



il 1 6 1 » U.S. National Lib f Medici
F I I I I n g I n th e C h e m I Ca I S p a Ce m National?jzl:’zg‘?or I;iotrt;?:goﬁ)gy In?orrlncalt?oen

o Assessing the missing entries ...

. Rank=1 . Rank=2 . Rank=3-5 . Rank=5 Missing

PubChemlLite tierO 18 Nov 2019
MS/MS, Ref, Patents, FPSum (n=977)

PubChemlLite tier0 14 Jan 2020
MS/MS, Ref, Patents, Anno (n=977)

PubChemlLite tier0 22 May 2020
MS/MS, Ref, Patents, Anno (n=977)

PubChemlLite tier0 12 Jun 2020
MS/MS, Ref, Patents, Anno (n=977)

0% 20 40 60 80 100

¥ NORMAN Suspect List Exchange Classificaton ? » 117,037

» 513 | EUCOSMETICS | Combined Inventory of Ingredients Employed in Cosmetic Products (2000) and
» S525| OECDPFAS | List of PFAS fromthe OECD ? 3,680

» S50 | CCSCOMPEND | The Unified Collision Cross Section (CCS) Compendium ? 647

» S60 | SWISSPEST19 | Swiss Pesticides and Metabolites ? 1,358

» S61 | UJICCSLIB | Collision Cross Section (CCS) Library fromUJI 2 574

» S66 | EAWAGTPS | Parent-Transformation Product Pairs from Eawag ? 258

» S68 | HSDBTPS | Transformation Products Exiracted from HSDB Content in PubChem 2 97

31

Ruttkies et al. (2016) DOI: 10.1186/s13321-016-0115-9, Bolton & Schymanski (2020), DOI: 10.5281/zen0do0.3611238 & in prep.
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Take Home Messages

o Challenges:
Selecting which method(s)
Increasing % identified
Improving interpretation

A. Chemical Analysis

B. Bioanalytical tools

Cytotoxicity
(all chemicals,
with
different

tencies) Receptor: | 4
en -y i
R J mediated &5 A:::('Ve

, 4 effect

response
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More? Check out our presentations at: https://zenodo.org/communities/lcsb-eci/
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Take Home Messages

A. Chemical Analysis

B. Bioanalytical tools

o Challenges:
Selecting which method(s) . 14 A
Increasing % identified o
Improving interpretation '

O Annotating unknowns requires data
and evidence from many different sources

o Many excellent workflows available to collate this information

o Incorporation of all available metadata is critical to success!

-

~
m.ﬁrag L' MassBank.eu m Pub@ hem 3’EPA
\_

J
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More? Check out our presentations at: https://zenodo.org/communities/lcsb-eci/



https://zenodo.org/communities/lcsb-eci/

Take Home Messages

A. Chemical Analysis B. Bioanalytical tools

o Challenges:
Selecting which method(s)
Increasing % identified
Improving interpretation

Cytotoxicity
(all chemicals,

o Annotating the exposome requires data g
and evidence from many different sources

o Many excellent workflows available to collate this information

o Incorporation of all available metadata is critical to success!

-

~
m?rag n' MassBank.eu m Pub@ hem \e’EPA
\_

o Finally ... information in the public domain helps everybody

O You never know when it will help you © \NS
[
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More? Check out our presentations at: https://zenodo.org/communities/lcsb-eci/
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