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Linking data resources to support 
EPA Programs

 ToxCast (EPA) & Tox21 (Multi-Agency)
 High-throughput screening >4000 (ToxCast) to >10K (Tox21) environmentally relevant 

chemicals across 10’s to 100’s of assays
 ACToR, ExpoCast, CPDat, ToxRef DB, TSCA, PFAS, EcoTox …. Lots of lists!!

• meshed CAS lists, product-use database, in vivo reference data, etc.
 In Silico prediction models

• exposure, ER/AR binding, phys-chem properties, ADME
 Public-facing CompTox Chemicals Dashboard, https://ccte-ccd.epa.gov/dashboard/

• link data resources, facilitate access to & utility of EPA and public data

https://ccte-ccd.epa.gov/dashboard/


The Chemistry beast feeding the CompTox 
Chemicals Dashboard!
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 Focus on environmental chemicals

 Focus on quality data-structure associations

 Better support EPA research & chemical 
regulatory programs

Why build yet another public chemistry 
database and web-interface?



DSSTox Update
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DSSTox_v1

 Manually curated 25K substance records 
 EPA-focus, environmental tox datasets
 Accurate CAS-name-structure annotations 
 Public resource for high-quality SDF files

2005           2012

DSSTox_v2
 Convert DSSTox tables to MySQL
 Develop curation interface & 

cheminformatics workflow
 Expand chemical content 
 Web-services & Dashboard access

2014          present

Grulke, et al., Comput 
Toxicol, 12:100096, 2019.
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DSSTox Data Model

SOURCE IDS
Names, CASRNs,  

and/or
Structures (SMILES, etc)



How did we go from 25K to ~1M 
chemicals while addressing EPA’s 

needs & quality concerns?



Building DSSTox_v2 (circa 2015)
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DSSTox_v2 Construction (circa 2015)
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1) DSSTox_v1 (~22K)
 1:1 CAS-structure mappings

2) EPA SRS (~77K) 
 systematic name structure conversion
 internal CAS-structure conflicts (12.5%)
 ChemID conflicts (24% of 30K overlaps)
 DSSTox conflicts (8% of 6200 overlaps)  queue for curation

3) ChemID (~400K)
 internal CAS-structure conflicts (4.5%)
 PubChem conflicts (45% of 225K overlaps) … OUCH!!
 DSSTox conflicts (11% of 2300 overlaps)  queue for curation

4) And so on …

Data source auto-load order:



Substance-structure ambiguity
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?

DSSTox Curation
1:1:1 CAS:Name:Structure

No Structure



Incomplete

Public_Low

Public_Medium

Public_High

DSSTox_Low

DSSTox_High

DSSTox_v2 QC Levels
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5. Low

2. Low

6. Untrusted

1. High

3. High

4. Med

7. Incomplete

QC Level Totals (12Dec2019)

- highest confidence from definitive source               

~23K
~38K

~31K
~101K

~707K

~ 11K pending

~ 60K substances 
manually reviewed

(single source, no conflicts)
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~200K at highest 4 QC levels

~700K Single source, no conflicts



So, how and when do we manually 
curate DSSTox content?



Curate list of “Flame Retardants”

15% CAS error or no name, 19% conflicts,18% CAS not found
80% of cleaned list map to existing DSSTox content

32 curated as new chemical registrations 13



DSSTox Chemical Registration/Curation Tool
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DSSTox Chemical Registration/Curation Tool
Synonyms (128)

Other CAS (6)

Successor Substances (17)

Predecessor Substances (23)

Associated Lists (2226)



DSSTox List Registration/Curation Tool

Identifier conflicts binned 
to facilitate curation

2814 Total records
o 67 Conflict bins
o 757 No Hits

Source CASRN&Names
auto-mapped by:
o Preferred name
o CASRN (other CASRN)
o Synonym (valid, exact, 

unique, ambiguous, 
Source IDs)

o Name-to-Structure



Chemical Curation Workflow

Manual 
Curation 

Steps

=
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Substance Relationship Mapping

• Manually added relationship tags
• Establish linkages of No CASRN  CASRN records
• Establish linkages of No Structure (e.g., UVCBs)  Structure records

No representative structures violating 1:1:1 rule



Chemical Families, e.g. PCBs
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https://ccte-ccd.epa.gov/dashboard/

https://ccte-ccd.epa.gov/dashboard/
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Markush Representations, e.g PCBs

209 “Markush Children”



Representing UVCBs with Markush
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Xylenes

Alcohols, C6-12, ethoxylated

o For most UVCBs, measured data not available
o A single structure cannot fully represent the substance

N-Nonylphenol

(N-Alkylperfluoroalkanesulfonamido)ethyl acrylate

• ~1300 total Markush registered

• ~330 PFAS Markush registered
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Impact of Expert Chemical 
Curation, e.g., PFAS



EPA’s PFAS Action Plan – Released February 14, 2019

2005

2007

2001: first scientific publication showing presence of PFOS and 
PFOA in the global environment
2000-2002: voluntary phase-out of PFOS production 

https://www.nytimes.com/section/magazine

May 27, 2016 Nov, 2016

Feb 14, 2019

https://www.epa.gov/pfas/epas-pfas-action-plan

https://www.nytimes.com/section/magazine
https://www.epa.gov/pfas/epas-pfas-action-plan


PFAS: EPA Cross-Agency Research List
https://comptox.epa.gov/dashboard/chemical_lists/epapfasrl

DTXSID Substance_Name Substance
_CASRN

Source_Name (incorrect or 
ambiguous)

Source_CASRN 
(incorrect or 
invalid)

Source_Acronym 
(incorrect or 
ambiguous)

Unique_Acronym

DTXSID20874028 2H,2H,3H,3H-Perfluorooctanoic acid 914637-49-3 5:3 Polyfluorinated acid 914637-49-3 5:3 acid 5:3 PFOA

DTXSID7027831 N-Methyl -N-(2-
hydroxyethyl )perfluorooctanesul fonamide

24448-09-7 N-Methyl  
perfluorooctanesul fonamideoethanol

NMeFOSE, MeFOSE NMeFOSE

DTXSID10892352 Perfluoro-2-{[perfluoro-3-(perfluoroethoxy)-
2-propanyl ]oxy}ethanesul fonic acid

749836-20-2 Ethanesul fonic acid, 2-[1-[di fluoro(1,2,2,2-
tetrafluroroethoxy)methyl ]-1,2,2,2-
tetrafluoroethoxy]-1,1,2,2-tetrafluoro

749836-20-2 PFESA Byproduct 2 PFESA Byproduct 2

DTXSID70892479 Perfluoropentanesul fonate 175905-36-9 Perfluoropentansul fonate 2706-91-4 PFPeS PFPeS_ion

DTXSID8071354 Ammonium perfluoropentanesul fonate 68259-09-6 Ammonium perfluoropentansul fonate 68259-09-6 APFPeS

DTXSID40881350 4,8-Dioxa-3H-perfluorononanoic acid 919005-14-4 2,2,3-Tri fluoro-3-(1,1,2,2,3,3-hexafluoro-3-
(tri fluoromethoxy)propoxy)propanoic acid

919005-14-4 ADONA ADONA parent acid

DTXSID00874026 Ammonium 4,8-dioxa-3H-
perfluorononanoate

958445-44-8 Ammonium 4,8-dioxa-3H-
perfluorononanoate

958445-44-8 ADONA ADONA

DTXSID3037707 Potass ium perfluorobutanesul fonate 29420-49-3 Potass ium perfluoro-1-butanesul fonate PFBS PFBS-K

DTXSID5030030 Perfluorobutanesul fonic acid 375-73-5 Perfluorobutanesul fonic acid 375-73-5 PFBS PFBS

DTXSID60873015 Perfluorobutanesul fonate 45187-15-3 Perfluorobutanesul fonate 375-73-5 PFBS PFBS_ion

DTXSID3040148 Perfluorodecanesul fonic acid 335-77-3 Perfluorodecanesul fonic acid PFDS PFDS

  

“5:3 acid” 

Incorrect CAS

Ambiguous 
acronyms

Mispelled names
Anions

https://comptox.epa.gov/dashboard/chemical_lists/epapfasrl
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PFAS Name-Structure Curation Challenges

 Name too short – what the heck is it??
 Surflon S 382, 5:3 Acid, ?  (Fluowet® PL 80B)

 Long systematic names obscure perfluoro aspect
1,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8-Heptadecafluorodecane  (Perfluoro-n-octyl)ethane

 Long names difficult to use or decipher to structures
1-Dodecanol, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,12,12,12-eicosafluoro-11-(trifluoromethyl)-, hydrogen 
phosphate

 Bis((perfluoro-9-methyldecyl)ethyl) phosphate

 Names so long (>256 charac) they truncated on import, incl. funky charac
2-Propenoic acid, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,12-heneicosafluorododecyl ester, polymer with 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-
heptadecafluorodecyl 2-propenoate, ╬▒-(2-methyl-1-oxo-2-propenyl)-¤ë-(2-methyl-1-oxo-2-propenyl)oxypoly(oxy-1,2-ethanediyl), 
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,13,13,14,14,15,15,16,16,16-nonacosafluorohexadecyl 2-propenoate, octadecyl 2-propenoate and 
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,13,13,14,14,14-pentacosafluorotetradecyl 2-propenoate

 DTXSID40882569, 119973-84-1 (name too long)



Translating Expert Categories to Markush



PFAS Lists on the Dashboard
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https://comptox.epa.gov/dashboard/chemical_lists/?search=PFAS

39/323 public lists are PFAS-related

 10776 structures (PFASSTRUCT)
 1258 Non-structurables

(UVCBs, polymers, mixtures, etc.)
 Covers all PFAS lists (e.g., PFASOECD)                                                    

PFASMASTER (12034) list includes:

Front. Environ. Sci., 2022 
https://doi.org/10.3389/fenvs.2022.850019

https://comptox.epa.gov/dashboard/chemical_lists/?search=PFAS
https://doi.org/10.3389/fenvs.2022.850019
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Impact of Expert Chemical 
Curation, cont.



ToxCast/Tox21 High-throughput Screening
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Estimate >10 million 
chemical-assay data points!!!

What’s in the bottle?
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ChemTrack: 
Chemical Sample Management

 DSSTox curators manually review COAs 
& MSDSs and map each original 
supplier bottle to a DTXSID

 Neat and solution tracking for >53K 
bottle codes!



Non-targeted MS screening of 
environmental samples 

Valid CAS-substance?

Monoisotopic Mass

Formula

Parent structure
(no stereo, desalted)

 Resolve CAS-structure mappings for 
accurate data mapping

 Collapse sphere to collect all data at 
parent structure-formula level

DSSTox_v2 Database 
& Cheminformatics Layer

many:1

• Deleted CAS
• Invalid CAS
• Salt forms
• Complex forms
• Hydrate forms
• Approx mappings to mixtures
• Approx mappings to ill-

defined substances
• Stereoisomers
• Unresolved tautomers

CAS2 ?

CAS5 ?

CAS3 ?

CAS1 ?

CAS4 ?NOCAS?

Data1
Data2
Data3
Data4
Data5
Data6
Data7
Data8
Data9

CAS-Name-Structure “Sphere of Confusion”



Chemical-data gathering for 
systematic reviews
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Chemical 
X

Name

CAS

Substance

{DATA}

Systematic name

Synonyms, 
acronyms, etc.

Deleted CAS

Alternate CAS

Trade names

Preferred name

{DATA}

Salts

hydrates

stereo-
isomers

anions

cations

{DATA}

Geometric 
isomers 
(branched, 
positional)

“Similar” 
chemicals

Related   
chemicals,
transformation 

products

{DATA}

Structure

2D mol

SMILES

InChI
InChIKey

{DATA}

3D mol

Chemical 
categories

Structural 
alerts

Common 
substructures

{DATA}

Predicted 
properties

Non-targeted 
analysis

Exposure 
models

Accurate substance-structure-data 
linkages to document data provenance

?



Chemical-data gathering for 
systematic reviews: e.g., PFOS

https://comptox.epa.gov/dashboard/dsst
oxdb/results?search=DTXSID3031864

Curation QC Level

PFOS present in 290 Lists!  
22 synonyms

127 “similar” compounds to PFOS

13 Related substances, 
incl. Markush categories

External Links

https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID3031864


DSSTox Chemical Hub
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DSSTox 
Curation

Chemical structures

Chemical
lists

Chemical 
linkages

Cheminformatics

SAR/QSAR models

Conclusions

DSSTox has gained a reputation for quality chemical substance-
structure content supporting a wide range of EPA programs

Strict data model constraints (1:1:1) and expert manual curation are 
critical components

All data are publicly available through the CompTox Dashboard 
https://ccte-ccd.epa.gov/dashboard/

https://ccte-ccd.epa.gov/dashboard/


Chemical Curation Team
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Inthirany (Indira) Thillainadarajah
BA/MS Chemistry,
>15 yrs EPA laboratory & DSSTox curation 
experience

Brian Meyer
PhD Medicinal & Pharmacognosy Chemistry 
(Bayer Crop Sciences, retired)

Vicente Samano
PhD Organic Chemistry 
(GlaxoSmithKline, retired)

Sakuntala (Saku) Sivasupramaniam
PhD Entomology & Plant Sciences (Monsanto, 
retired)

EPA’s Senior Environmental Employment (SEE) Program
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