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EPA's CompTox Chemicals Dash

A publicly accessible website delivering:

~883,000 chemicals with related property data
Experimental and predicted physicochemical property data
Integration to “biological assay data” for 1000’s of chemicals

Information regarding consumer products containing
chemicals

Links to other agency websites and public data resources
“Literature” searches for chemicals using public resources
“Batch searching” for thousands of chemicals
Downloadable Open Data for reuse and repurposing



A single app integrating...
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Three: Run GenRA Prediction
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Detailed Chemical Pages

EXECUTIVE SUMMARY

»

PROPERTIES

ENV. FATETRANSPORT

HAZARD

ADME

EXPOSURE

BIOCACTIVITY

SIMILAR. COMPOUNDS

GENRA (BETA)

RELATED SUBSTANCES

SYNONYMS

LITERATURE

LINKS

COMMENTS

yme  Advanced Search  Batch Search  Lists w

Bisphenol A
80-05-7 | DTXSID7020182

Predictions

Searched by DS5Tox Substance Id.
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Wikipedia =

Bisphenol A (BPA) is an organic synthetic compound with the chemical formula {CH,),C{CH,OH); belonging to the group of diphenylmethans derivatives and

bisphenols, with two hydroos,

enyl groups. It is 3 colorless solid that is soluble in organic solvents, but poorly soluble in water (0.344 wt % at 83 °C).
BPA iz 3 starting material for the synthesis of plastics, primarily certain polycarbonates

Read more
Intrinsic Properties =
Iy | Molecular Formula: Ci5Hi50;| & Mol File || @ Find All Chemicals

Iy | Average Mass: 228.201 g/mel | | [sotope Mass Distribution

Iy Monoisotopic Mass: 222.711503 g/mal

Structural Identifiers 4
Linked Substances 4
Presence in Lists 4
Record Information 4
Quality Control Notes 4




Sources of Exposure to Chemicals
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EXECUTIVE SUMMARY
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Bisphenol A
80-05-7 | DTXSID7020182

Searched by DSSTox Substance Id.
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CPCat Cassette 17
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Physicochemical properties and

environmental fate and transpor

%-w “Bisphenol A
_ i
~ N4 80-05-7 | DTXSID7020182

searched by D55Tox Substance Id.

Property
Summary v
& Download Columns ~
Property - Experimental average *  Predicted average *
LogP: Octanol-Water 3320 3.29
Melting Point 155 (7} 139
Boiling Point 200 (1] 363
Water Solubility 5.26e-4 (1) 9.62e-4
Vapor Pressure 8.37e-7
Flash Point - 180
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Mass Spec Links
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MassBank of North America
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>300 Chemical Lists (and growing) SEPA

Ervsironmientsl Protection

-1 Dowr[ﬁ:ad hdl

List Acronym ®

HDXEXCH
HDXMNOEX

MASSBAMNKELISP

MASSBAMNKREF

MYCOTOXING

Home Advanced Search

Batch Search

Liztz of Chemicals E

ASZays

Columns ~

L3

List Name

MASSPECDE: Hydrogen
Deuterium Exchange Standard
Set - Under HDX Conditions

MASSPECDE: Hydrogen
Deuterium Exchange Standard
Set - Mo Exchange

MASSPECDE: MassBank.EU
Collection: Special Cases

MASSPECDE: MassBank
Reference Spectra Collection

MASSPECDE: Mycotoxins fram
MassBank.EU

Last Updated s

2018-11-07

2013-11-07

2017-07-16

2017-07-13

2017-08-02

Number of Chemicals *

582

765

263

1267

a3

Agency

Predictions

[ masg Iy Copy Filtered Lists URL

List Description ®
Observed species {deuterated and undeuterated) from the HDXMOEX list
under hydregen deuterium exchange conditions (Ruttkies, Schymanski et
al. in prep.)

Environmental standard set used to investigate hydrogen deuterium
exchange in small molecule high resolution mass spectrometry (Ruttkies,
Schymanski et al. in prep.)

The MassBank.EU list contains curated chemicals (Schymanski/williams)
associated with the literature/tentative/unknown/3l spectra available on
MassBank.EU that are not availzble as part of the full MassBank
collection of reference standard spectra.

This MassBank list contains chemicals associated with the full MassBank
collection of reference standard spectra available on MassBank.EU,
MassBankJP and MassBank of Morth America as well as the Open Data
collection, curated by Williams/Schymanski.

This is a set of mycotoxins, initiated by the contribution of spectra of 90
mycotoxins to MassBank.EU by Justin Renaud and colleagues from
Agriculture and Agri-Food Canada, Government of Canada




“Volatilome” Human Breath

Ervsironmientsl Protection
Agency

LIST: VOLATILOME: Human Breath

Identifier substring search

Description: This list is a subset of compounds detected in human breath and reported in the peer-reviewed literature and identified in experimental work at US-EPA. The bulk of the collection is extracted from the article "The human
volatilome: volatile organic compounds (VOCs) in exhaled breath, skin emanations, urine, feces and saliva” by de Lacy Costello et al in J. Breath Res. 8 (2014) 034001 (DOL10.1088/1752-7155/8/3/034001), from the article "On-line analysis of

exhaled breath”, by Bruderer et al in Chemical Reviews (DOL:10.1021/acs.chemrev.9b00005) as well as an increasing number of chemicals identified in our own laboratory studies.

Number of Chemicals: 1075

1075 chemicals

Select all & Download ¥ Send to Batch Search Default v i Hide chemicals that are: _ ﬁ

CHs
H>C
— 2
N=——cH EENPON \
H>N 3 X0 _
N
0O
Acetamide Acetonitrile Acrolein Acrylonitrile
CASRN:60-35-5 CASRN:75-05-8 CASRN:107-02-8 CASRN:107-13-1
DTXSID:DTXSIDT7020005 DTXSID:DTXS1D7020009 DTXSID:DTXSID5020023 DTXSID:DTXSID5020029

12




“Volatilome” Saliva

Ervsironmientsl Protection
Agency

LIST: VOLATILOME: Saliva

Identifier substring search

List Deta

Description: This list is a subset of compounds detected in saliva and reported in the peer-reviewed literature and identified in experimental work at US-EPA. The collection is extracted from the article "The human volatilome: volatile
organic compounds (VOCs) in exhaled breath, skin emanations, urine, feces and saliva” by de Lacy Costello et al in J. Breath Res. 8 (2014) 034001 (DOL:10.1088/1752-7155/8/3/034001).
Number of Chemicals: 307

307 chemicals

Select all & Download ¥ Send to Batch Search Hide chemicals that are: # _ E

HiC CH3 Hil CHy
HC— CH,
HiC.
H,C CH,
CHj
HiC
CHy HyC CH,
santolina trigne p-Xylene p-Menth-2-ene p-lsopropyl-alpha-methylstyrene
CASRN:2153-66-4 CASRN:106-42-3 CASRM:5256-65-5 CASRM:2388-14-9
DTXSID:DTXSID90880656 DTXSID:DTXSID2021868 DTXSID:DTXSID30333757 DTXSID:DTXSID90178580
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isinfection By-Products

LIST: Disinfection By-Products

Identifier substring search

List Detal

Description: Disinfection by-products (DBPs) result from chemical reactions between organic and inorganic matter in water with chemical treatment agents during the water disinfection process. DBPs are present in most drinking water
supplies that have been subject to chlorination, chloramination, ozonation, or treatment with chlerine dioxide.

Number of Chemicals: 87

87 chemicals
Select all & Download ¥ Send to Batch Search Default v it Hide chemicals that are: ¥ _ E

Cl al
Br c g OMCI Br

Cl ) OH

3-Chlaro-4-(dichloromethyl)-5-hydroxy-...
CASRN:77439-76-0

Br

Chlorodibromomethane
CASRN:124-48-1
DTXSID:DTXSID1020300

Chleroacetaldehyde

Bromodichleromethane
CASRMN:107-20-0

CASRN:75-27-4
DTXSID:DTX51D1020198 DTXSID:DTXS1D4020292

DTXSID:DTXS1D6020276
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Tire Crumb Rubber (298

Ervsironmientsl Protection

Agency
Related Topics: Safer Chemicals Research CONTACTUS ~ SHARE @ @
[
[
July 2019 Report: Tire Crumb Rubber
Characterizatio
Key Takeaways:

e EPAisreleasing a new report that addresses exposure (that is, chemicals and how people come in contact with these) to tire crumb
rubber on synthetic turf fielde Thic ranart ic nat a rick accacemant nnrran tha infarmatinn ha 1icad tn idantifi a laval ahava whirh
health effects could occt Tire Crumb Rubber

¢ In general, the findings f
hU man exposure appear Identifier substring search
assessment.

. Description: This chemical list is based on data contained within the Federal Research Action Plan (FRAP) on Recycled Tire Crumb Used on Playing Fields and Playgrounds. The chemical list is obtained from the Toxicity reference information
. Part l Of thls repo rt pres' spreadsheet compiled for the potential tire crumb rubber chemical constituents identified in the State-of-Science Literature Review/Gaps Analysis, White Paper Summary of Results. Eleven sources of publicly available toxicity reference
information were searched. It is important to recognize that not all petential chemical constituents identified through the literature search were confirmed through measurements made under the Federal Research Action Plan.

¢ The scope of this study v Number of Chemicals: 295

—

298 chemicals

Selectall & Downlozd ¥ Send to Batch Search Default v |t Hide chemicals that are: _ E

N=———CH; NS HoN =

Acetonitrile Acrolein Aniline Azobenzene
CASRN:75-05-8 CASRN:107-02-8 CASRN:62-53-3 CASRN:103-33-3
DTX5ID:DTXSID7020009 DTXSID:DTXSID5020023 DTXSID:DTXSID&0200%0 DTXSID:DTXSID8020123



Hydraulic Fracturing (1640

EPA's Study of Hydraulic Fracturing and Its
Potential Impact on Drinking Water Resources

Hydraulic Fracturing Study
Home

Final Assessment

EPA Published Research

Fact Sheets

Questions & Answers about
the final assessment

Multi-agency collaboration
on unconventional oil and
gas research

EPA Hydraulic Fracturing -
Agency Main Page

United States
Ervsironmientsl Protection
Agency

Contact Us

Hydraulic Fracturing For Oil And
Gas: Impacts From The Hydraulic

WATER|EPA; Chemicals associated with hydraulic fracturing

Identifier substring search

2005-2013, corresponding to chemicals listed in Appendix H of EPA’s Hydraulic Fracking Drinking Water Assessment Final Report (Dec
2016). Citation: U.S. EPA, Hydraulic Fracturing for Qil and Gas: Impacts from the Hydraulic Fracturing Water Cycle on Drinking Water Resources in the United States (Final Report). U.S. Environmental Protection Agency, Washington, D.C.

Description: Chemicals used in hydraulic fracturing fluids and/or identified in produced water from

EPA/B00/R-16/236F, 2016. https://www.epa.gov/hfstudy

*Note that Appendix H chemical listings in Table:
Chemical Name and CASRN from the criginal

now registered in DS5Tox (all but 2 assigned CASRN) and, thus, have been added to the current EPAHFR listing.

Number of Chemicals: 1640

B

Acrolein
CASRN:107-02-8
DTXSID:DTXSID5020023

Acrylamide
CASRN:79-06-1
DTXSID:DTXSID5020027

1640 chemicals

s H-2 and H-4 were mapped to current DS5Tox content, which has undergone additional curation since the publication of the original EPA HF Report (Dec 2016). In the few cases where a
rt map to distinct substances (as of Jan 2018), both were included in the current EPAHFR chemical listing for completeness; additionally, 34 previously unmapped chemicals in Table H-5 are

Acrylonitrile
CASRN:107-13-1
DTXSID:DTXSID5020029

Aldrin

CASRN:309-00-2
DTXSID:DTXSIDE020040




£ United States .
Ny Environmental Protection Home Advanced Search  Batch Search
\’ Agency

United States

Agency

Lists v  Predictions Downloads

PFAS|EPA: PFAS structures in DSSTox (update August 2020)

O 1dentifier substring search

List Details =

Description: List consists of all DTXSID records with a structure assigned, and using a set of substructural filters based on community input. The substructural filters (visible here) are designed tc be simple, reproducible and transparent, yet
general enough to encompass the largest set of structures having sufficient levels of fluorination to potentially impart PFAS-type properties.

Number of Chemicals: 3163

3500 of 8163 chemicals loaded

e
Select all & Download ¥ Send to Batch Search Default v Hide chemicals that are: v _ a

L
/I\ |
F (0]
Cl
F
Enflurane
DTXSID:DTXSID1020562

CASRN:13838-16-9
TOXCAST:0/235

Ervsironmientsl Protection

F
F F F F
\‘ ( F
F HO ~
F Analytical and Bioanalytical Chemistry
F https://coi.org/10.1007/500216-021-03392-7
1,1,1,2-Tetrafluoro RESEARCH PAPER
DTXSID:DTXS|
CASRN:811-9
TOXCAST:-

FluoroMatch 2.0—making automated and comprehensive
non-targeted PFAS annotation a reality
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Sara L. Nason® . Yang Li® - Sandi Sternberg® . Elizabeth Lin' - Manfred Beckmann? - Antony J. Williams® «
John Draper? - Jasen P. Finch” - Jens K. Munk? « Chris Deigl'® - Emma E Rennie " - John A. Bowden®'? .
Krystal J. Godri Pollitt”
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(© Springer-Verlag GmbH Germany, part of Springer Nature 2021
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Find me “related structures”
Formula-Based Search

Wikipedia v

Morphine is a pain medication of the opiate family which is found naturally in 2 number of plants and
animals. It acts directly on the central nervous system (CMS) to decrease the feeling of pain. It can be taken
for both acute pain and chronic pain. It is frequently used for pain from myocardial infarction and during
labor. It can be given by mouth, by injection into a muscle, by injection under the skin, intravencusly,
injection into the space around the

Read more

Intrinsic Properties =

Iy |Molecular Formula: Ci7HigNO; & Mol File  Q Find &ll Chemicals

I, Average Mass: 285343 g/mal Ll lsotope Mass Distribution

I Monoisotopic Mass: 285.126493 g/mal

Structural Identifiers 1

19



Select Chemicals of Interest

Ervsironmientsl Protection
Agency

JEILIIEU LY CRGLL IVILNELWIGD PUITTIAg: ' 18 I TN D,

6 of 120 chemicals selected

Hide chemicals that ares w

Unselected

a
a
Me

Q

WO —H,

SRy,

o,
Aydromaorghone Morphine Maorcodeine Methanone, (4-amino-2.5-diethoxyphen... Cz
DTXSID: DTXSIDE023133 DTXSIC: DTXSID9023336 DTHSID: DTXSIDEMMG327 DTXSID: OTXSID3071606 DTXSI0:

PubChem: 3§ PubChern: 52 PubCherm: 20 DubChem: 16 PubChem: 1

CPDAT: 21 CPDAT: 37 CPDAT: 2

CRDAT:- O

N

ALy

M " o
e ' e z
P =
J -
"
he... Morphinan-3,6-dicl. 7.5-didehydro-4.5-. Marwedine, [=/-]- Carbamic acid, [phenyimathazy)] T-koquinalingl, 1.23,4-tetrahydro-1-[{4-... )
] DTXSI0: DTXSID40167308 DTXSIC: OTXSID60 62150 DTXSID: DTXSIDSE01T CTX5I0: DTHSIDT0176367 DTXSI0:

PubChem: & PubChem: 43 FubChem: 11 PubChem: 21 PubChem: 1
CPDAT:-D CPDAT-0O CPDAT: O CPDAT: 0 CRDAT-O

20



Find me “related structures”
Based on Structure Similarity

171 |Morphine
‘i |57-27-2 | DTXSID9023336

Searched by Approved Name.

Wikipedia 1
Intrinsic Properties 1
Structural Identifiers 1
Linked Substances =

Same Connectivity: 3 records (based on first layer of InChl)

Mixtures, Components and Neutralized Forms: 13 records (based on QSAR ready mappings and

with the compound as a component of a mixture)

M5-Ready Mappings: DTXCIDE0196731: 21 recards:

Similar Compounds: 178 records (based on Tanimoto coefficient >0.8)

Presence in Lists 1

21



Find me “related structures” "

Based on Structure Similarity e

s - Searched with a similarity threshold of 0.8

o

1
|} ”’ N
- O N
I":}--.. Wy CHy
(5alpha,6a :ﬂa,gelgra;.'?.;:2-13:[-_-13—]—}-.,,, Morghinan-3 6-alpha-diol, 7,8-didehydr... Codeine hydrate Ethyl-alpha-iscmorphine
OTYSIC: DTXSIDI0T4T3TS DTXSID: DTXSIDO0217656 CTXSID: OTXSID 20209391 DTXSIC: OTXSID30157073
CASRM: 1007544-34-9 CASRM: 67293-88-3 CASRN: 8059-47-8 CASRM: 47252-01-7
TOKCAST: - TOXCAST: - TOXCAST: - TOXCAST: -
Similarity: 1.00 Similarity: 1.00 Similarity: 1.00 Similarity: 1.00

MN-Methyimomphine MNormaor]

22



Find me “related structures” "

Structure Similarity — sort on mg s

3

178 chemicals

T G O

.1_,-:_
(Salpha)-7,8-Didehydro-4,5-epoxy-3-hy... Desowymorphine C R-116937 MNormaornphine
CASRM: 6872-458-8 CASREN: 63732-65-0 CASRM: 664925-65-7 CASRM: 466-97-7
CTXSIC: DTXSID00213345 DOTHSID: DTHSID20213170 CTHSI0: DTXSIDE0216701 DTXSIC: CTHSID1043019
I Mass 269.105193 | | Mass: 269.141579 | | Mass: 269.141579 | ' Mass: 271.120843 I
O ) 0 )
. LHy
HOL,_ "r>
CHy N
AN
CH,
Desomarphine Morphinan-14-al, 4,5-alpha-epoxy-3-me. O-Desmethylgalantamine Morphinone
CASRM:427-00-9 CASRNM: 55256-27-4 CASRM: 60755-80-8 CASRM: 467-02-7

DTXSID: DTXSID10195350 DTXSID: DTXSIDA0203765 DTXSID: DTXSID40209575 DTXSID: DTXSIDE0196907

23



Mass & Formula

Searching




Advanced Searches

Mass Search

Mass Search €)
+ Min/Max
Adduct All Adducts
Meutral - e Choose adduct from dropdown
191.131 Ua ' = 5 Da m
Search Q@

25



Advanced Searches "

Mass Search e -

Search Results
Searchad by Mass: 191137 +/- 5.0 ppm.

Select all .‘.. Download = Send to Batch Search Mass Difference i} Multiccmperant Chamicals % [ _ B

CH
=5 7
CHy .
M M A
N oy
N CHy Kyt TH,
[ ]
Hy  GHy CHy
DEE Phendim: 2-meth... Acstanilide. 2' 6 -disthy! Azstidine, 1,3-dimethyl-3-{
DTXSI0: OTHSID2021995 DTHSI0: DTXEID1023447 DTHSI0: OTXSID2042187 DTSI0: OTXEIDB0162 148 DTSI0: OTHEIDA01 73560
CASRM: 134-62-3 CASRM: 634-03-7 CASRM: 07-42-6 CASRM: 16665-80-7 CASRM: 18832-26-0
TOMCAST: 12/768 TOMCAST: - TORCAST: TOMCAST: - TOMCAST: -
Mass Diff: 0000014 Mass Diff: 0000014 Mass Diff: 0.000014 Mass Diff: 0.000014 Mass Diff: 0000014
|\_:| |:_:| ]
CHy  CHy

oH,

p-t-Butylacetanilide 'y
DTXSI0: DTXEID20174196 OTXSID: DTXSIDE0174235 DTXSIC: DTXSID001 79045
CASRM: 20308-43-4 CASRM: 20330-45-4 o

ethyl-2-phery one, 1-{4-pyridyl)-
DTXSID: DTXSIDG0184653 DTXSI0: DTXEID40186594
CASRM: 30568-38-9 CASRM: 32941-30-3

26



MS-Ready Structures for

Formula Search

Molecular Formula Search €)

® s Ready Formulz €9 O Exact Formula €

Formula

27



“MS-Ready Structures”

https://doi.org/10.1186/s13321-018-0299-2

McEachran et al. J Cheminform (2018) 10:45

https://doi.org/10.1186/513321-018-0299-2 JDU rnal Gf C hem InfD rm atiCS

METHODOLOGY Open Access

“MS-Ready” structures for non-targeted B
high-resolution mass spectrometry screening
studies

Andrew D. McEachran'*", Kamel Mansouri’*, Chris Grulke®, Emma L SCh}meﬂikiq, Christoph Ruttkies®
and Antony J. Williams®

28



o

United Staies
Ervsironmientsl Protection
Agency

T =

Open Science for Identifying “Known Unknown” Chemicals
Emma L. Sc:hynmnski"f"+ and Antony J. Williams **

=N cH LEGEND: Name, SMILES
| i DTXSID | InChikey 1* Block
N CAS | Monoiso. Mass | logP | Sources

= Wa, { }\ Data on: Toxicity | Exposure | Bioassays
D-Nicotine |

CN1CCC|C@® @H]1C1=CN=CC=C1 = C|H‘>
Nicotine DTXSIDO04635 | SNICKCGAKADSCY | |
25162-00-9 | 162.1157| 0.929] 20 =

CHN1CCC[CEH]1C1=CN=CC=C1
DTXSID10Z20930] SNICKCGAKADSCY
54-11-5 | 162.1157| 0.929| 72
Tox: yes | Expo: yes| Bioassay: yes

Tox: no| Expo: yes| Bioassay: yes

CH \ HCI
i
|

Micotine hydrochloride
CLCNICCC[C@H]1C1=CN=CC=C1
W DTXSIDG02093 | HDIBTCAJNMMXEW
Oy, M M5-ready 2820-51-1 | 198.0924 | 0.929] 9
S DL-Micotine Tox: no | Expo: yes| Bicassay: yes
el
CN1CCCC1C1=CMN=CC=C]
"M DTXSID3048154 | SNICKCGAKADSCY
[ 22083-74-5 | 162.1157] 0.953] 9 -
Benzoic acid, 2-hydroxy-, compd. with Tox: yes| Expo: no| Bioassay: "'“/ _-H,_}("H

3-[[25)-1-methyl-2-pyrroliding] pyridine (1:1) DL-Nicotine-d3
-Micotine-

OC(=0)C1=C{0)C=CC=C1.CN1CCC[C@H]1C1=CN=CC=C1 =

OTXSID5075319| AIBWPBUAKCMENS [ZHIC([2HIN[2H)INACCCCICa=CN=CaCl

Tox: mo| Expo: yes| Bioassay: no 69980-24-1| 155'”’“_' 0.929] 1

Tox: no | Expo: no| Bioassay: no

29



Ervsironmientsl Protection
Agency

MS-Ready Mappings

« EXACT Formula: C10H16N208: 3 Hits
() M5 Ready Formula €) (®) Exact Formula €

Formula

C10H18N208

Select all Send to Batch Search Default “ {t m

0 OH

-
O ¢

Ethylenediaminetetraacetic acid M,MN'-Ethylenedi-L-aspartic acid Dimethyl 2, 7-dinitrooctanedioate

DTXSID: DTXSID6022977 CTXsID: DTXSID1051852 DTXSID: DTXS1D204958364
PubChem: 158 PubChem: 25 PubChem: 5
CPDAT: 387 CPDAT: 8 CPDAT: D

30



Ervsironmientsl Protection
Agency

MS-Ready Mappings

« Same Input Formula: C10H16N208
 MS Ready Formula Search: 125 Chemicals

prE—— N O

MMM W
stetraacetic acid ferric zo..
OTXSIDE027774

Trisodium ethylenediamine

). ] bis[M-[{... Tetraammonium ethylenediaminetet EDTA, copper salt Calcium disodium ethylenediaminet Tetrapotassium ethylensdiaminetztras
DTXSID: DTXSID2027315 DTXSID: DTXSID8027320 DTXSID: DTXSID0034564 DTXSID: DTXSID2036400 DTXSID: DTXSID2036442
PukC] 11 PubChem: 3 -4 Pub!
CPDAT: CPDAT: 12 CPDAT-10 CPDAT: 10 PDAT: CPD

31



MS-Ready Mappings

125 chemicals returned in total

— 8 of the 125 are single component chemicals
— 3 of the 8 are isotope-labeled
— 3 are neutral compounds and 2 are charged

32



MS-Ready Mappings

2 ) United S
e EPAErW ental Protection Home
" Agen

Advanced Search  Batch Search  Lists w  Predictions Downloads

Progaron
108532-15-6 | DTXSID20148579

Searched by D35Tox Substance Id. L\\s

EXECUTIVE SUMMARY

PROPERTIES

GENRA (BETA)

Intrinsic Properties

T —
.

j« It Molecular Formula: o Hy-CMi O & micl File QL Find All Chemicsls
[lj Iy | Average Mass: 743.56 g/mol | |l |sntope Mass Distribution
ik Li}
Structural Identifie
! Strue
W b
v . . o
N N NN NN, Link | inked Substances '

s

- | ‘Q_é
h T - Sams HaN
ﬂ - Same Connectivity: 7 K
gy

SYNONYIS

* LITERATURE

LINKS

Misct rChi)
MS-1 )
Mizxtures, Component scords
Simil
MS5-Ready Mappings: DTHCID30130d: 12 records: OTHID0013314: 11 records;
Press
Similar Compounds: 0 records
Reco

Quality Control Notes

i

United States
Ervsironmientsl Protection
Agency

33




United States
Ervsironmientsl Protection
Agency

MS-Ready Mappings Set

Home  Adwanced Search  Batch Search Lists »  Predictions  Downloads

(2} EPA United Sta
S Env | Prat
\’ Agency

MS-Ready Mappings of Benzocaine (Isotopes pre-filtered)

10 of 12 chemicals visible

wdrochloride
DTHSID: OTXSID5017751

Anssthesing succinate Anesthesing oxalate
OTXSID: OTXSID60143336 OTHSID: OTXSID20143337

Senzocaine
DTXSID: DTHSIDED21304

Progarocn
DTXSID: OTXSIDE0143570

Antipyrine mixture with benzocaine
DTHSID: DTXSIDS021 2566

PubChem: 124 PubChem: PubChem: & PubChem: 5 PubChem: 33 PubChem: &
CPDOAT-42 CPDAT:O CPDAT:O CPDAT: 0 CPDAT: 0 CPDAT: 0
= |"h
T - a
J ®
. T 1 L
J i~
- w
Almagel A-neo Almzge: d-aminobenzoate--2.4 1-Hexadecydpyridin-1-ium 2-b |
DTXSI 0 DTXSIDE0227 552 OTXSID: OTXSIDT0227560 DTXSID: OTXSIDTOT DTXSID: DTXSIDE0997335 %
PubChem: & PubChem: 9 PubChem: 5 PubChem: 0
CEDAT-O CEDAT:O CEDAT: O CPDAT: 0
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Candidate
ranking



Data Source Ranking of

“‘Kknown unknowns”

e Mass and/or formula is for an
unknown chemical but contained
within a reference database

* Most likely candidate chemicals
have the most associated data
sources, most associated lit.
articles or both

C14H22N203
266.16304

) 4

Chemical
Reference
Database

) 4

Sorted candidate
structures

36



|s a bigger database better?

& Amencan Society for Mass Spectrometry, 2011 J. Am. Soc. Mass Spectrom. (2012) 23:178-185
|.E; | CeOl: 10.100%Fs13361-011-0265-y

RESEARCH ARTICLE

Identification of “Known Unknowns” Utilizing
Accurate Mass Data and ChemSpider

 ChemSpider was 26 million chemicals then
* Much BIGGER today

* |s bigger better?? 110 Million

chemical structures



Using Metadata for Ranking

 Use available metadata to rank candidates

— Associated data sources
» Associated lists in the underlying database
» Associated data sources in PubChem
« Specific types (e.g. water, surfactants, pesticides etc.)

— Number of associated literature articles (Pubmed)

— Chemicals in the environment — the number of
products/categories containing the chemical is a very
important source of data

38



Comparing Search Performance

“Anal Bioanal Chem (2017) 409:1729-1735 @{1 A
DOI 10.1007/500216-016-0139-z B

RAPID COMMUNICATION

Identifying known unknowns using the US EPA’s CompTox
Chemistry Dashboard

Andrew D. McEachran' - Jon R. Sobus” + Antony J. Williams®

* Dashboard content was 720k chemicals
* Only 3% of ChemSpider size
* What was the comparison in performance?

39



SAME dataset for comparison

Compound class Number in class  Average rank  Number of compounds in each
position rank-ordered

#1 #2 #3 #d #3+

Pharmaceutical drug 72 1.4 55 9 6 2
Industrial chemicals 42 5.5 28 3 5
Personal care products 8 6.1 3 4
Steroid hormones 7 1.0 7

Perfluorochemicals b 1.2 5

Pesticides 12 2.3 6 2 3 1
Veterinary drugs 3 1.3 2

Dyes 2 1.0 2

Food product/natural compounds 4 3.8 2 1 1
Ilicit drugs 2 2.0 1 1

Misc. molecules 3° 1.3 2 1

40



How did performance compare?

Mass-based searching Formula-based searching
Dashboard ChemSpider Dashboard ChemSpider
Average rank position [.3 2.2° [.2 1.4
Percent in #1 position 85% 70% 88% 80%

* Average rank in ChemSpider shown here does not include an outlier where the rank was 201, when added the
average rank position is 3.5

For the same 162 chemicals,

Dashboard outperforms
ChemSpider

41



How did performance compare?

Summary statistics and rank-ordered position in the CompTox Chemistry Dashboard and

ChemSpider of the 89 compound subset from the Little et al. [7] study

Average rank Number in each position rank-ordered

(£SD) #1 #2 #3 #4 #5+
Mass-based Dashboard 1.2 + 0.7 772 5 3 3
ChemSpider 2.2 + 6.1P 68 8 7 1 5
Formula-based Dashboard 1.1+ 0.4 782 8 2
ChemSpider 1.3+1.0 77 8 2 1 2

?One chemical (tephrosin) not present in the Dashboard

42



Will the correct Microcystin LR Stand Up?

United States

ChemSpider Skeleton Search

I/\x, Maiches any text strings used to describe a molecule.

ZYZCGGRZINLABL

Systematic Mame, Synonym, Trede Name, Registry Number, SMILES, InChi or CSI0

FILTER ~ Search Hits Limit: | 100 v
Found 9 results TEE—

Search term: ZYZCGGRZINLQBL (Found by InChlKey (skeleton match))

n TP i f ag, o T
4 baloy Q_ﬁu - c 23T
b o0 3 . Pe i %’L iy f
P~ _.'_,.f r /i.... "]u = \ =% o
L. T, e \, L . o Pl
- . "3\'& LT R wn, o <, v Ao
fifidsscmier i - o - p 1 -
.-.:I-..- ™ s ¥ .rl..l_ 3 s B il
- L ey i -
s} o he 5}
Cyanoginosin MCYST-LR 18- 3-Carbamimidamidoprogylj-2- (BR.85 11R,125.155,18R.185 22R)-15- (BR.85,155)-15-2-
isobubyl-123-[{1E, 2E}-5-methowy-3,5 {Z-Carbamimidamidopropy] H-E-isobutyl- [{Biamimomethylenelamino]propyl-8-
dimethyl-7-pheny-1, 3-hepiadien-1- A8{1E 3E, 55 .65 -G-methoxy-3.5- sobutyl-18-[[ 1E, 3E. 55 65)-0-methouy-

o _l“f-.g_l:.r_\_\_
oo B <. Ly o 0 1 0
2% Q: A
b - ¥ i o i R Pl
o &"I’"R s o1 e
1553 (5R.B5 11R. 125,155 185,185 22R}-15- (58.8R,11R 125,155,183, 22R)-15-(3-
[[Ceaminomethylenejamino]propyl-8- [2-Carbamimidamidoprogy l-3-isobutyl- Carbamimidamidopropyl -8-isobutyl-13-
=obutyl- 18- G-methaowy-3, 5-dimethnyd-7- AE8-[{1E 55,65 -8-methaxy-3, 5-dimethyl- [[1E.2E 5R, GR)-8-methoxy-3. 5-dimethyl-

43



revrcnmentsl Protection

Comparing ChemSpider Structures SEPA

Agency

ChemSpideriD

Standard InChlKey Stereolayer

WIKIPEDIA

t28-,29- 30-,31+,34-,35-,36+,37+,38-,40+

CompTox

t28-,29- 30-,31+,34-,35-,36+,37+,38-,40+

4941647

t28- 29- 30-,31+,34-35- 36+,37+,38-,40+

393078

t28-,29-,30-,31+,34-,35-,36+,37-,38- 40+

5/618348

t28-,29-,30-,31+,34-,35-,36+,37-,38-,40+

29342071

t28-,29-,30-,31+,34+,35-,36+,37-,38- 40+

/987594

t28-,297,30?,31+,34?,35-,367,37-,38-,40?

22500854

t28-,297,30+,31-,34+,35+,36-,37-,38-,40-

19692240

NONE

2831283

NONE




Comparing ChemSpider Structures

%mﬂpiderl[} InChiKey # Stereocenters | # Different
WIKIPEDIA |ZYZCGGRZINLOBL-JCGNTXOTSA-N 10/10 0
CompTox |ZYZCGGRZINLOQBL-JCGNTXOTSA-N 10/10 0
4941647 ZYZCGGRZINLQBL-JCGNTXOTSA-N 10/10 0
3930738 ZYZCGGRZINLQBL-GWRQVWEKTSA-N 10/10 1
57618348 |ZYZCGGRZINLQBL-UPPCHHEJSA-N 10/10 1
29342071  |ZYZCGGRZINLQBL-1IJTUTQBSA-N 10/10 2
7987594 ZYZCGGRZINLQBL-BESLYTPASA-N 5/10 6
22900854  |ZYZCGGRZINLQBL-QAXSDTKVSA-N 9/10 8
19692240 |ZYZCGGRZINLQBL-ORZICNCZSA-N 0/10 10
2831283 NICGGRZINLOBL-UHFFFAOYSA-N 0/10 10
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Other Searches

Ervsironmientsl Protection
Agency

M UniChem

Show | All ¥ | enfries

CMR.
Cluery src_id Source grc_compound_id
InChi__.
mafches 1 ChEMEL CHEMBL 444092
L M About e
uide 1o
_.matches. . 4 Pharmacology 4735
% _.matches. .. [ KEGG Ligand C05371
_.matches. . T ChEEI 6925
LEARCH FOR
_maiches @ ZING ZINC000169715525
ZYZ{:GG RZ I N LQE I_ _mafches @ ZING ZINC000255288110
_maiches @ ZING ZINCO00255288 111
S——
reating this query as a text search. _malches.. @ ZING ZINC000255288112
_maiches @ ZING ZINC000255288113
_mafches @ ZING ZINC000255288114
Compounds _maiches @ ZING ZINC000255288115
(17) _malches.. @ ZING ZINCO00583653042
_maiches @ ZING ZINCO00669630403
_.matches. . 10 elMolecules 26754757
_matches._ 10 elMolecules 31239828
mafches . 11 !35;;'" :rﬁ“""t DA3C2F25F29692734272194EDOE2C009

matches.. 14 FDA SRS EQ5332842Y



Searches



List of Opioids — Presence in Lists2

1 o __\.;r

2. Trends in Environmental Analytical

SR
!_j. el ": *

Py Chemistry
ELSEVIER Volume 20, October 2018, 00059

Opioid occurrence in environmental
water samples—A review

Marina Celia Campos-Mafias ?, Imma Ferrer b 2 i, E.Michael Thurman °, Ana Agiiera ®

#H Show more

https://doi.org/10.1016/j.teac.2018.e00059 Get rights and content
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Batch Search Names

Buprenorphine
Codeine
Dextromethorphan
Dihydrocodeine
Dihydromorphine
Ethylmorphine
Fentanyl
Heroin
Hydrocodone
Hydromorphone
Ketamine
Meperidine
Methadone
Morphine
Morphinone
Naloxone
Naltriben
Oxycodone
Oxymorphone
Propoxyphene
Sufentanil
Tramadol

Step 1 Step 2 Step 3

Step 4

Step 5

United States
Ervsironmientsl Protection
Agency

Step 6

Step Five: Choose Data Fields to Download
Please enter one identifier per line L

Select Input Type(s)
¥ |dentifiers
¥ Chemical Name €)

CASRN €

InChlkey €)

DS5STox Substance 1D €3
DSSTox Compound 1D €)
InChiKey Skeleton €¥
MS-Ready Formula(e) €9
Exact Formulaie) €9
Monoisotopic Mass €3

* Download Chemical Data

@ Display All Chemicals

Enter Identifiers to Search (searches should be limited to <5000 identifiers)

Buprenorphine
Codeine
Dextromethorphan
Dihydrocodeine
Dihydromorphine
Ethylmorphine

Fentanyl
Heroin

Hydrocodone
Hydromorphone

Excel
Download

|Marphine

fINPUT
|Buprenarphine

Codeine
Dextromethorphan

|Dihydrocodeine
|Dihydromaorphine

Ethylmarphine

|Fentanyl

Herain

|Hydrocodone
|Hydromorphone
|Ketamine
|Meperidine

Methadaone

'FOUND_BY

Approved Mame
Approved Name
Approved Name
Approved Name
Approved Name
Approved Name
Approved Name
Synonym

Approved Mame
Approved Name
Approved Name
Approved Name
Approved Name
Approved Name

DTXSID

OTXSID2022705
OTXSID2020341
OTXSID3022808
OTXSIDa022936
OTXSIDT0485908
OTXSID1 046760
DTXSID9023049
DTXSID6046761
OTXSIDE023131
OTXSIDE023133
OTXSID8023187
OTXSID9023253
OTXSIDT023273
OTXSID9023336




Batch Search in specific lists

INPUT DTXSID MASSBANKREF NEMILIST WRTMSD  NORMANPRI SUSDAT
Buprenorph DTXSID202: - -

.|\Codeine  DTXSID2021Y
Dextrometh DTXSID302)Y
| Dihydrocod DTXSIDS02: Y
Dihydromor DTXSIDT 044 - -
Ethylmorph DTXSI0104 -
Fentanyl DTXSIDI02)Y -
Heroin DTXSIDGE04Y -
Hydrocodor DTXSIDS02)Y Y
Hydromorpt DTXSIDE02: -
Ketamine DTXSIDS02)Y
Mependine DTXSID902Y
Methadone DTXSIDT02)Y
Morphine  DTXSID9027Y
Morphinone DTXSIDA01! -
Maloxone DTXSIDG0Z: -
Maltriben - -
Ceoycodone DTXSIDS02TY
Chxeymorpho DTXSIDA0Z: -
Fropoxyphe DTXSIDN027Y
Sufentanil  DTXSIDB0DZ: -
Tramadol DTX510908Y

I — I —
1 1 |

Y

b
<< <<
< !

' =

:F-I !‘I-_F‘ 1

= e
<<

1 I
=<|=<|"!
< | €| <<= |=<|=<|=<|=<|"

albibibibibibibiEiBiEIRibIEIRIR

= =
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<
- < < < =<'
- < < < =<'
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Opioids and Metabolites (160

Ervsironmientsl Protection
Agency

DRUGS: Opioids and related metabolites

Identifier substring search

Description: This list of opioids and related metabolites is assembled primarily from public resources (e.g. Wikipedia, databases and literature articles) and is under ongoing curation and expansion.
MNumber of Chemicals: 120

180 chemicals

Select all & Download Send to Batch Search Default v |t Hide chemicals that are: ¥ _ E

CHy
|

CH;

gy

e e,
}\/ s
o
Alfentanil Alphaprodine Anileridine
CASRN:71195-58-9 CASRN 20-3 CASRN:144-14-9
DTXSIC:DTXSID2020341 CTXSIC:DTXSID9022570 DTXSID:DTXSID4022575 CTXSIC:DTXSID8022610

51



Batch Searching

 \We work with thousands of masses/formulae!

« Typical questions
— What is the list of chemicals for the formula C,H, O,
— What is the list of chemicals for a mass +/- error
— Can | get chemical lists in Excel files? In SDF files?
— Can | include properties in the download file?
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Batch Searching Formula/Mass SEPA

Ervsironmientsl Protection
Agency

Batch Search@

Step 1 Step 2 Step 3 Step 4 Step 3 Step @

Step Five: Choose Data Fields to Download

Please enter one identifier per line

Select Input Type(s) +/- ppm Enter ldentifiers to Search (searches should be limited to <3000 identifiers)
L Identifiers 41.0285 -
o ) o 56.02621
) Chemical Name £3.0255
[l casrn €Y 58.0413
L inChikey €9 93.0578
[ DS5Tox Sub I 1139058
| ox Substance 1D €9 151.8754
L DSSTox Compound ID €3 59.9377
[ InChIKey Skeleton €9 77.9872

(] MS-Ready Formula(z) ‘!This search is based on what we refer to as "Mass Spec (MS) Ready” structures. All chemicals
o within the database are treated in a manner such that all are desalted, mixtures are separated,
) Exact Formula(e) €0
and stereochemistry is removed as Mass Spectrometry detects the major components of a salt
¥ Monoisatopic Mass i } _ry . p 24 Y P ) ]

r mixture and is insensitive to stereochemistry. As an example, a search for the monoisotopic
@ Display All Chem|mass of phenol will return phenal, sodium phenolate and calcium phenoxide. See the

| publication for more details: hitps://doi.org/10.1186/513321-018-0299-2,
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Searching batches using MS-Ready

Formula

o W e~ B L R

-l‘-‘-wmwwwmwwwmmNmmNNmmNN—l—k—k—k—L—k—k—L—k
L= T=0 == RN = PR R SR SV O R R = R =R = RS R Y] — D WD 00~ oy M e L R =

-
a

(or mass)

searching

United States
Ervsironmientsl Protection
Agancy

3 C z F G
INPUT DTXSID CASRN PREFERRED NAME MOL FORMULA MONOISOTOPIC MASS DATA SOURCES
C14H22N203 DTXSID2022626 29122687  Atenoldl C14H22N203 1266163042576 16
C14H22N203 DTXSID0021179 6673354  Practolol C14H22M203  '266.163042576 32
C14H22N203 DTXSID4048854 841736  Bucolome C14H22M203  '266.163042576 20
C14H22N203 DTXSID1045407 13171250  Trimetazidine dihydrochloride C14H24CI2N203 338.116398 19
C14H22N203 DTXSID0045753 56715130  R-{+)-Atenalol C14H22M203  "266.163042576 19
C14H22N203 DTXSID2048531 5011347  Trimetazidine C14H22M203  '266.163042576 "4
C14H22N203 DTXSID10239405 93379645  Esatenolol C14H22M203  '266.163042576 "2
C14H22N203 DTXSID50200634 52662278  N-{2-Diethylaminoethyl)-2-(4-hydroxyphenoxy)acetamide C14H22N203  "266.163042576 7
C14H22N203 DTXSID4020111 51706402  di-Atenclol hydrochloride C14H23CIN203  302.1397203 B
C14H22N203 _ DTXSID1068693 _51963-82-7 _ Benzenamine, 2.5-diethosxy-4-{4-morpholinyl)- C14H22N203 266 163042576 %5
C18H34N206S DTXSID3023215 154212  Lincomycin C18H34N206S  '406.213757997 "5
C18H34N206S DTXSID7047803 859-187  Lincomycin hydrochloride C18H35CIN206S 4421904357 22
C18H34N206S DTXSID20849438 1398534-62-7 PUBCHEM 71432748 C18H35CIN206S 442 1904357 "
C10H12N20  DTXSID1047576 486566 Cotinine C10H1ZNZ0 "176.094963014 40
C10H12N20  DTXSIDBO75330 50-67-9 Serotonin C10H12N20 "176.094963014 22
C10H12N20  DTXSID8044412 2654571  4-Methyl-1-phenylpyrazolidin-3-one C10H12N20 "176.094963014 18
C10H12N20  DTXSID80165186 153-98-0  Serotonin hydrochloride C10H13CIN20  212.0716407 1
C10H12N20  DTXSID2048870 29493774  (4R,5S)-4-methyl-5-phenyl-4.5-dihydro-1,3-axazol-2-amine C10H12N20 "176.094963014 "0
C10H12N20  DTXSID10196105 443-312  6-Hydroxytryptamine C10H12N20 "176.094963014 ¢
C10H12N20  DTXSID90185693 31822841  1.4.5 6-Tetrahydro-5-phenoxypyrimidine C10H12N20 "176.094963014 7
C10H12N20  DTXSIDA0178777 240366-9  2-Benzimidazolepropanol C10H12N20 "176.094963014 7
C10H12N20  DTXSIDB0157026 13140-86-8  M-Cyclopropyl-N-phenylurea C10H12N20 "176.094963014 %
C10H12N20 __ DTXSID30205607 570-14-9 __ 4-Hydroxytryptamine C10H12M20 "176.094963014 B
C14H18N403 DTXSID5023900 17804352 Benomyl C14H18N403  290.137890456 8
C14H18N403 DTXSID3023712 738705  Trimethoprim C14H18N403  290.137890456 51
C14H18N403 DTXSID40209671 60834302  Trimethoprim hydrochloride C14H19CINAD3  "326.1145682 ¢
C14H18N403 DTXSID70204210 55687495  Benzenemethanol, 4-{(2.4-diamino-5-pyrimidinyl)methyl)}-2. C14H18N403  "290.137890456 5
C14H18N403 DTXSID20152671 120075572  6-Methoxy-4-(3-(N,N-dimethylamina)propylamino)-5.8-quin: C14H18N403  "290.137890456 ¢l
C14H18N403 DTXSID30213742 63931793  1H-1.2.4-Benzotriazepine-3-carboxylic acid, 4,5-dihydro-4- C14H18N40O3  "290.137890456 "
C14H18N403 DTXSID30219608 69449076  2.4-Pyrimidinediamine, 5-((3.4.5-trimethoxyphenyljmethyl}: C14H20N404  "308.14845514 &
C14H18N403 DTXSID20241155 94232276  L-Aspartic acid, compound with 5-((3.4.5-trimethoxyphenyl C18H25N507  "423.175398165 &
C14H18N403 DTXSIDB0241156 94232-28-7  L-Glutamic acid, compound with 5-{(3.4 5-trimethoxypheny C19H27NSO7  "437.191048229 £
C14H18N403 __ DTXSID20143781_101204-93-7 _ 1H-Pyrida(2.3-e)-1 4-diazepine-2.3 5-trione, 4-(2-{diethylar C14H18N4A03 ___ "290.137890456 £
C12H1IN7  DTXSIDG021373 396010  Triamterene C1ZH11NT "253.107593382 %2
C1ZH1IN7  DTXSID00204465 5587-93-9  Ampyrimine C1ZH11INT 53107593382 7
C12H1IN7  DTXSID5064621 7300-26-7  Benzenamine, 4-azido-N-{4-azidophenyl)- C12HINT "251.091943318 ¢l
C12H1IN7  DTXSID00B48025 90293826  Sulfuric acid—6-phenylpteridine-2.4,7-triamine (1/1) C12H13N704S  "351.074973101 g
C12H11N7____ DTXSID50575293 92310-83-3__ (1E)-N-Phenyl-1.2-bis(1H-1.2 4-triazol-1-yl)ethan-1-imine__C12H11NT 53107593382 g
CBHINO2 DTXSID2020006 103-90-2 CBHINO2 "161.063328534 75

Acetaminophen

- |
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Benefits of
Open Data



Ervsironmientsl Protection
Agency

API services and Open Data

 Avalilable AP| and web services

| |
o Open Data available for download
Unitecj States .
inwrc. Ymental Protection Home Advanced Search  Batch Search  Lists ¥  Predictions Downloads
gency

DSSTox identifiers mapped to CAS Mumbers and Names File Posted: 11/14/2016
The DS5Tox |dentifiers file is in Excel format and includes the CAS Number, D5STox substance identifier (DTXSID) and the Preferred Name.

1 |casrn ldsstox_substance_id preferred_name

2 26148-68-5 DTXSID7020001 A-alpha-C

3 107-29-9 DTXSID2020004 Acetaldehyde oxime

4 160-35-5 DTXSID7020005 Acetamide

5 [103-90-2 DTXSID2020006 Acetaminophen

6 968-81-0 DTXSID7020007 Acetohexamide

7 |18523-69-8 DTXSID2020008 Acetone[4-(5-nitro-2-furyl)-2-thiazolyl] hydrazone

8 75-05-8 DTXSID7020009 Acetonitrile

9 |127-06-0 DTXSID6020010 Acetoxime

10 |65734-38-5 DTXSID6020012 N'-Acetyl-4-(hydroxymethyl) phenylhydrazine
DSSTox MS Ready Mapping File Posted: 11/14/2016

The CompTox Chemistry Dashboard can be used by mass spectrometrists for the purpose of structure identification. A normal formula search would search the exact formula
associated with any chemical, whether it include solvents of hydration, salts or multiple components. However, mass spectrometry detects ionized chemical structures and molecular
formulae searches should be based on desalted, and desolvated structures with stereochemistry removed. We refer to these as "MS ready structures” and the M5-ready mappings are
delivered as Excel Spreadsheets containing the Preferred Name, CAS-RM. DTXSID, Formula, Formula of the MS-ready structure and associated masses, SMILES and InChl Strings/Keys.

DSSTox SDF File Posted: 12/14/2016
This zip file contains the entire chemical structure collection of over 700,000 chemicals from the DSSTox database contained in one large SDF file. The file contains the structure, The
DSSTox Structure Identlfler [DTXCID) The DSSTOX Substance Idemlfler (DTXSID listed as PubChem External Data Sowce) the associated Dashboard URL, assooated synonyms and
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Web Services

https://actorws.epa.gov/actorws

* Dozens of web services to provide access
to data

 Data in Ul, JSON and XML format

https://actorws.epa.gov/actorws/dsstox/v02/msready?identifier=80-05-7
https://actorws.epa.gov/actorws/dsstox/v02/msready.json?identifier=80-05-7
https://actorws.epa.gov/actorws/dsstox/v02/msready.xml?identifier=80-05-7

https://actorws.epa.gov/actorws/dsstox/v02/msready?identifier=DTXCID60513
https://actorws.epa.gov/actorws/dsstox/v02/msready.json?identifier=DTXCID60513
https://actorws.epa.gov/actorws/dsstox/v02/msready.xml?identitfier=DTXCID60513

https://actorws.epa.gov/actorws/dsstox/v02/msready?identifier=UVOFGKIRTCCNKG-UHFFFAOYSA-N
https://actorws.epa.gov/actorws/dsstox/v02/msready.json?identifier=UVOFGKIRTCCNKG-UHFFFAOYSA-N
https://actorws.epa.gov/actorws/dsstox/v02/msready.xml?identifier=UVOFGKIRTCCNKG-UHFFFAOYSA-N
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Example: InChlKey to DTXCIDs

https://actorws.epa.gov/actorws/dsstox/v02/msready?identifier
=UVOFGKIRTCCNKG-UHFFFAOYSA-N

Image DTXCID Smiles Image MsReady DTXCID|MsReady SMILES
S
3
e >‘S“
s v DTXCID60513||C[NH2+]C.CN(C)C([S-])=S DTXCID0023797 ||CN(C)C(S)=S
H,C—NH,' |
3 \;H‘ o HQC__N
CH,
5
)J\ ~CH: Cl—b
o C T DTXCID60513||C[NH2+]C.CN(C)C([S-])=S / DTXCID704057 CNC
i) \{;H CH, Hsc NH
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https://actorws.epa.gov/actorws/dsstox/v02/msready?identifier=UVOFGKIRTCCNKG-UHFFFAOYSA-N

MassBank mapping to Dashboard

Ervsironmientsl Protection
Agency

MassBank Record: EA028808

Home | Search | Record Index | Data Privacy | Imprint|  MassBank ID: Go

Atrazine; L

C-ESI-ITFT: MS2; CE: 15%; R=15000; [M+H]+

Mass Spectrum

1000_
800.0
600.0
400.0
200.0

0.000-

CHSNAME :
CHSNAME :
CHSNAME :

Chemical Structure

Ne _N_ _N
‘\1// \j¢? \ﬂ// ~
Na. N
Co)plfiaobnesi s \(IJ/
214.0 215.0 216.0 217.0 218.0
Atrazine

&é-chloro-N-ethyl-N'-isopropyl-1,3,5-triazine-2,4-diamine
6-chloranyl-Ni-ethyl-NZ-propan-2-yl1-1,3,5-triazine-2,4-diamine

CHSCOMPOUND CLASS: N/A; Envirconmental Standard
CHSFORMULA: C8HI4CING
CHSEXACT MASS: 215.0932

CHSSMILES
CHSIUPAC:
CHSLINK:
CHSLINK:
CHSLINE:
CHSLINK:
CHSLINK:

CHSLINE:

: clinc(nc(nl)Cl)NCC)NC(C)C
InChI=15/CEBH14CINS/cl-4-10-7-12-6(9)13-8(14-7)11-5(2)3/h5H,4H2,1-3H3, (H2,10,11,12,13,14)

CAS 1812-24-9

CHEBI 158930

KEGG C06551

PUBCHEM CID:2206

INCHIKEY MXWIVTOQOROXGIU-UHFFFAQYSAE-N

COMPTOX DTXSIDS9020112




NORMAN Suspect List Exchange

https://lwww.norman-network.com/?g=node/236

3

United States
Ervsironmientsl Protection
Agency

Network of reference labor ories, "'i*é'ﬁ”iéaibh centres and related
organisations for monitoring of emerging environmental
substances

Wastewater Suspect List
based on Swedish Product
Data

Wastewater Suspect List Original File
with Mapped DTXSIDs (12/02/2019)

KEMIWWSUS
InChlKeys (12/02/2019)

A prioritized list of 1,123 substances relevant for wastewater
based on Swedish product registry data, including scores.
Provided by Stellan Fischer, KEMIL

Algal toxins list from

ALGALTOX XLSX, CSV (14/02/2019)

ALGALTOX InChlKeys

List of algal toxins (generated during blooms) from the CompTox

CompTox CompTox ALGALTOX List (14/022019) Chemicals Dashboard.
CCL 4 Chemical Candidate [CCL4 XLSX, CSV (14/02/2019) CCL4 InChlKeys Contaminants that are not (yet) regulated in the USA but are
List CompTox CCL4 List (14/022019) known or anticipated to occur in public water systems; from

CompTox.

Hydrogen Deuterium

HDXNOEX XLSX, C5V (14/02/2019)

HDXNOEX InChlKeys

Environmental standard set used to investigate hydrogen

Exchange (HDX) Standard |[CompTox HDXNOEX List (14/02/2019) deuterium exchange in small molecule HRMS (Ruttkies et al.

Set CompTox HDXEXCH List submitted). HDXEXCH list also contains observed deuterated
species.

Neurotoxicants Collection |NEUROTOXINS XLSX, CSV NEUROTOXINS A list of neurotoxicants compiled from public resources, details

from Public Resources

(14/02/2019)
CompTox NEUROTOXINS List

InChlKeys (14/02/2019)

on CompTox and Schymanski et al. {submitted).

Statins Collection from
Public Resources

STATINS XLSX, CSV (14/02/2019)
CompTox STATINS List

STATINS InChlKeys
(14/02/2019)

A list of statins (lipid-lowering medications) compiled from public
resources, details on CompTox.

Synthetic Cannabinoids and
Psychoactive Compounds

SYNTHCAMNAB XLSX, CSV
(14/02/2019)
CompTox SYNTHCANNAB List

SYNTHCANNAB
InChlKeys (14/02/2019)

A list of synthetic cannabinoids and psychoactive compounds
assembled from public resources, from CompTox.
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Integration to MetFrag in place

https://jcheminf.biomedcentral.com/articles/10.1186/s13321-018-0299

Candidate Score Distribution

EPA
United States
Ervsironmientsl Protection

8
° Show Labels
’ * Simiarity Display Score Graphs
Scores ¥
4
E OF _PUBMED_ARTICLES
&
2 . . . B TOXCAST_PERCENT_ACTIVE
L
, M )|
-2
0 2 4 6 8 10 12 14
Candidate Index
& Export Se Double ciick to retumn
Cick ndidate in the Results tad
n 2] [or ][0
# Molecule Identifier Mass Formula Normalized Scores FinalScore Details
N Peaks: 10 / 14
>
N » | A
““K‘Y‘Y'v”“ DTXSID4027608 ,\’@ Fragments
w Yoy
hd H;oCINg \y
Y InChiKeyBlock1 = 22910948 | CoHieClN, o o ==
EZXISNSWEXTPMF )
&
O Download
Terbutylazine A
0.0 0.2 0.4 0.6 0.8 1.0
a\
NS of Peaks: 7/ 14
>
ne MM X
‘T'\”/ N '\J:m DTXSID3021196 AL Fragments
P \ 16CINg N3 P
Z [ InChiKeyBlock1 = 22910948 |  CgHieCINs = & 54894 —
WJNRPILHGGKWCK >
& o
N Download
Propazine A 0as
0.0 0.2 0.4 0.6 0.8 1.0
N Peaks: 10/ 14
’»é) o
NN Y DIXSID7058171 L AN Fragments
Y H1eCINg & o
A InChiKeyBlock1 = 22910948 |  CHieCINs . & 32476 .
BZRUVKZGXNSXMB “
b§ Q:\\
N Download
Sebuthylazine A 02

0.0 0.2 0.4 0.6 0.8 1.0
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Work In
Progress



Prototype Work in Progress

« CFM-ID

— Viewing and Downloading pre-predicted spectra
— Search spectra against the database

» Structure/substructure/similarity search
 The EPA NTA WebApp
 Access to APl and web services
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Predicted Mass Spectra

http://cfmid.wishartlab.com/

% Utilities+ Help Data Publications Contact Us

CFM-ID

Competitive Frugmeht-_::t_ion' Modeling for Metabolite [ dentification

« MS/MS spectra prediction for ESI+, ESI-, and El

* Predictions generated and stored for >800,000
structures, to be accessible via Dashboard

DTXCID00916157

100
90-
80-

2™ N

5 60,

E 50-

= 404
30-
204

0 1 Il | L 1 1 I : ' |||I| | || ] 1 I 1
1 1 1 1 1 1 1

T L I. T T T | T T T T T T T T T T T T T
20 30 40 50 60 70 80 S0 100 110 120 130 140 150 160 170 1380 1%0 200 210 220 230 240 250 260 270
m'z




CFM-ID Predicted Library Available

* Predictions generated and stored for >800,000 structures
* Python code to score experimental vs predicted spectra
» Cosine dot product match score calculation

Data Descriptor | OPEN | Published: 02 August 2019

Linking in silico MS /MS spectra with
chemistry data to improve identification
of unknowns

Andrew D. Mu:Eachrar‘.E, llya Balabin, Tommy Cathey, Thomas R. Transue, Hussein Al-Ghoul, Chris

Grulke, Jon R. Sobus & Antony J. Williams e

Scientific Data 6, Article number: 141 (2019)  Download Citation £



Search Expt. vs. Predicted Spectra

Ervsironmientsl Protection
Agency

o
\7

United States _
Environmental Protection  Home Advanced Search Baich Search Lisks v  Predicions  Downloads
v

Non Target Analysis Prototype

lMass Search

+ Ttin sz

321.1368403476 Da + 0.00D0002 Da | ppm

Molecular Formula Search

MMass or Formula must be entered before searching spectrum

lonization Type
| ESl+ v|

pectra Input
Single Enargy Mutiple

304.1332052 1 -
185.0813404 7
-
e y y
Peak Match Window: 0.0z Da | ppm

Search




Search Expt. vs. Predicted Spectra

N United States :
I\'.’I I'irr-.rlmnrnemal Protection  Home Advanced Search Batch Search Lisls w  Prediclions  Downloads
Agency

Spectra Inpu

Singie Ener Chemical Structure ID Score (10eV)
K WIS DTXCID101048191 0.22
123.0440550 5.53, -
198.0756904 528!
2101015091 478
DTXCID101181567 0.19
Feak Match
DTXCID50879036 017
Search
DTXCIDE0656349 0.14
T3V cav Sxcs!
Chemical Structure ID DTEDIDGDESDQ(}D {._-‘I 3 of Scores
DTACID101048181
DTXCID10971176 0.12
DTACIDE0ETR0ES
DTACIDG0GEGI48
,,,,,, DTXCIDS0301242 0.12
DTACIDDOEI00DD
DTACIDI0ETI17E
S DTXCIDA0703048 0.11
CTXCID40T03048
DTXCIDS0340082 DTXCID503499382 0.1
DTACIDI03 18540
Showing 1 to 10 of 32 entries DT}:DID"I D31 E.E.d_g {'_{'g




Spectral Viewer Comparison SEPA

Ervsironmientsl Protection
Agency
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CASMI 2012-2017 revisited

101010!

Q,fo ’ﬂl hllu' I

Critical Assessment
of Small Molecule Identification

The experimental and computational mass spectrometry communities are invited to
participate in the fifth round of an open contest on the identification of small molecules
from mass spectrometry data.

This year the contest will test the applicability of MS and MS/MS on natural products chemistry
identifications. With 45 (Category 1) and up to 243 (Categories 2&3) natural products challenges -
including a few tricky ones - there’s something for everyone!

* Application of metadata candidate ranking
and CFM-ID to all five years of CASMI data
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United States

Agency

Revisiting Five Years of CASMI Contests with EPA
Identification Tools

by L “ Andrew D. McEachran = , L " Alex Chao ' ™ ,'L" Hussein Al-Ghoul 1 & . L" Charles Lowe 2 &

(! christopher Grulke 2 89 (! Jon R. Sobus 2 89 and { ! Antony J. Williams 2" &

T Oak Ridge Institute for Science and Education (ORISE) Participant, 109 T.W. Alexander Drive, Research Triangle Park, NC
27709, USA

2 Center for Computational Toxicology and Exposure, Office of Research and Development, U.S. Environmental Protection
Agency, 109 T.W. Alexander Drive, Research Triangle Park, NC 27709, USA

" Authors to whom correspondence should be addressed.

Metabolites 2020, 10(6), 260; https://doi.org/10.3390/metabo10060260

Received: 3 May 2020 / Revised: 3 June 2020 / Accepted: 17 June 2020 / Published: 23 June 2020
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In silico MS/MS spectra for identifying unknowns: a critical
examination using CFM-ID algorithms and ENTACT mixture samples
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NTA WebApp Development

NTA
WebApp:
Input Page

SEPA:

Environmental Topics

P

NTA: non-targeted analysis of MS data (beta)

M51 Tool

Run M51 Tool
Ms1 Tool Algorithms
M1 Tool Q4/QC

ME1 Tool References

M52 CFMID Tool

Source Code

Laws & Regulations About EPA Se:
ContactUs
Run NTA MS1 Tool
Input Value
Project name: Example nta )

Pasitive MPP file (csv):

Negative MPP file (csv):

Adduct mass accuracy units:

Adduct mass accuracy:

Adduct retention time accuracy (mins):

Tracer file (csv: optional):

Tracer mass accuracy units: ppm ¥

Tracer mass accuracy: |
Tracer retention time accuracy (mins):
Min samplesblank cutoff:
Min replicate hits: — 2

Max replicate CV:
Parent ion mass accuracy (ppm): — 5

Discard features below this retention time
(mins):

Search dashboard by:

Save top result only?

DSSTox search batch size (;

..

United States
Ervsironmientsl Protection
Agancy

Jeff

Minucci

NTA data input
files

Parameters for
NTA clean-up /
database
searching




United States
Ervsironmientsl Protection
Agancy

Visualizations of Data — Cluster 1

o o ited States
C hemlcal TEPA i rocion vome ssncsos s 156 v s orioss (0 () (R lq\
. Diphenhydramine
Candldate Dat v 58-73-1| DTXSID4022949
. ata Searched by DSSTox Substance Id.
. Chemical Name 1le quotient Wikipedia -
Informatlon Diphenhydramine 77.0 9458 1.0 P s
Diphenhydramine
hydrochloride 63.0 94.8 1o N " i n improved thenpeutc
DTXSID9025087 Dimenhyvdrinate 44.0 94.8 1.0 22 H The 12 sat dphenydramine diaceyline (vt
DTXSID9023467 Phenyltoloxamine 34.0 §7.1 0.63 ’ e N/ | e
DIXSID5047790 Phenyltoloxamine citrate 26.0  87.1 0.63 _/_ N | (oo ‘
i —— o ;
DTXSID044266 Homoxetine 230 250 0.0 , IninscProperies =
hydrochloride I —
DTXSID9044297 Atomoxetine 22.0 250 0.0 :
DIXSIDS023721) Diphenhydramine citrate 5 g, ¢ 1.0
[USP]
DIXSID10225883 Diphenhydramine 80 948 1.0 ’ Structural denttrs ‘
salicylate unks
Diphenhydramine tinked Substances !
DTXSID60230604 hydrochloride mixture 7.0 94.8 1.0 Presence in Lists «
with methaqualone
Record Information ‘
DTXSID0048767 Phentoloxamine PAS 7.0 87.1 0.63
Acetaminophen mixture
DTXSID20229019 with phenyltoloxamine 7.0 87.1 0.63

citrate

990
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Patterns of Cluster Results

Cluster 1: Primarily drugs III
(e.g. diphenhydramine, Y 4
labetalol, clindamycin) II

' ' /j
----- /
............. .
: 4
¥
= E5 off
=_= /4
5=
e
P lamptic samples Normotensive B
N
\\

03342

o 1146

06000

6622

207

2990
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Features

Patterns of Cluster Results

United States
Ervsironmientsl Protection
Agancy

Cluster 2: Likely xenobiotics
: /
(ethanolamides) /

Mww

al02g s2

Preeclamptic Normotensive sp, o ﬁ

Samples .
N\




Cluster 7: Mostly human
metabolism chemicals (acyl

carnitines, amino acids, peptides)

[
-
]
1

II II IIIIII‘I|

II Ilrl*

Preeclamptic Normotensive

Samples

United States
Ervsironmientsl Protection

Agency
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rototype Development

AADashboard

atrazine

[1]

L¢ @

DoAOO0O | @&

Search result m Show [ |sotopically Labeled O «

—

I
DRCERTAN . T N 5060 Select properties to predict
H TEST.EB OPERA Search
Cc
N Exact
0 ® Substructure
o Similarity
. Maolecular Formula
_ Malecular Weight
c Filter by elements (enter comma separated list e.g. CFH) include
Search result m Show [ Isotopically Labeled () Charged [ Salts or Mixtures Sort | Similarity ¥ = =
NHz NH: OH
N NTN NEN A N NN N=N by N
’ - . - HaN— N . N7 HO—+ "N
CON Lk wei? TR mettas A Y - o=
N -/ 2 3 NN NHs Cl N HiC ™ N7 CHa o
1 0.62 0.57 ll)_|§7 0.57 0.53 0.53 0.53 5‘.5
Cl Br ~
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NN SN NN R A e
Aol BN B L "o &
Cl N %| Br N Br ]
.5 0.5 0.5 0.42 0.42
e = ‘(|:IH NN N X
NTN = * ) HiCy, N
Haly Aok HiC Ay e CH nel Cl “);N U ‘éH; NHz Mg = gt
e N o CHa
0.42 0.42 0.42 0.42 0.42 0.4 0.4 0.4 0.4
|
HH: Nz e Hﬁ—mw . HNC
R N NN LWL o
H":'gﬂ“, i N'CH‘ H'CE; N gi“‘ HI«&‘ N N;(H‘ H:} ':g""ﬂ"’ HiCeg i ] N); er\%\
0.4 04 04 04 0.4 H 0.4
HiC
N < NN NHy o o
~ A Y N »=NHz ds N™N NTN NN
HsC N . | e o
i el e I T = NN
0.38 0.38 0.38 0.38 0.38 0.38

United States
Ervsironmientsl Protection
Agency
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Method Amenability Prediction

Charlie Lowe

Random Forest Simplified

Why?
« Chromatography-mass

spectrometry can be LC or GC m m m

« Which phase is more appropriate = T
for which chemicals?

lnstancc
Random Forest

Class-A Class-B Class-B

|. Majority-Voting

|Final-Class |



Ongoing Work

« Data sources to date
« Massbank of North America

« 9 275 chemicals for non-derivatized GC
* 846 chemicals for derivatized GC

816 chemicals for APCI+

454 chemicals for APCI-

4,907 chemicals for ESI+

3,430 chemicals for ESI-

« EPA Non-targeted Analysis Collaborative Trial (ENTACT)
« 886 chemicals for non-derivatized GC
* 44 chemicals for derivatized GC

774 chemicals for APCIl+

431 chemicals for APCI-

1,113 chemicals for ESI+

648 chemicals for ESI-



Dashboard access to data for ~883,000 chemicals
MS-Ready data facilitates structure identification

Related metadata facilitates candidate ranking

Relationship mappings and
chemical lists of great utility

Curation and mutual
sharing of chemical lists is
important (e.g. NORMAN)
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