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• National Center for Computational Toxicology  
established in 2005 to integrate:
– High-throughput and high-content technologies
– Modern molecular biology
– Data mining and statistical modeling
– Computational biology and chemistry

• Currently staffed by ~60 employees as part of 
EPA’s Office of Research and Development

• Home of ToxCast & ExpoCast research efforts
• Key partner in U.S. Tox21 federal consortium
• Multiple cross-division collaborations (e.g. 

NERL, OPP, OPPT)

National Center for 
Computational Toxicology



The CompTox Portal
https://comptox.epa.gov/
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Earlier Dashboard Applications:
Single architecture in development
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The CompTox Portal
https://comptox.epa.gov/
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The CompTox Chemicals Dashboard

• A publicly accessible website delivering access:
– ~765,000 chemicals with related property data
– Experimental and predicted physicochemical property data
– Integration to “biological assay data” for 1000s 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
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CompTox Chemicals Dashboard
Chemicals
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CompTox Chemicals Dashboard
Products and Use Categories
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CompTox Chemicals Dashboard
Assays and Genes
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Detailed Chemical Pages
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Almost 20 Years of Data…
Growing with daily curation
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Physicochemical and Environmental 
Fate/Transport  Properties

• Solubility 
• Melting Point
• Boiling Point
• LogP (Octanol-water partition coefficient)
• Atmospheric Hydroxylation Rate
• LogBCF (Bioconcentration Factor)
• Biodegradation Half-life
• Henry's Law Constant
• Fish Biotransformation Half-life
• LogKOA (Octanol/Air Partition Coefficient)
• LogKOC (Soil Adsorption Coefficient)
• Vapor Pressure

• And more…
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Full transparency for predictions



Transparency: QMRF Report



Developing “NCCT Models”

• Our approach to modeling:
– Obtain high quality training sets
– Apply appropriate modeling approaches 
– Validate performance of models
– Define the applicability domain and model limitations 
– Use models to predict properties across our full datasets
– Release as Open Data and Open Models



Available online
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We Curated These Public Data to 
Build Prediction Models 

Public data should be curated prior to modeling
Different Compounds



Duplicate Structures

17



Covalent Halogens
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Property Initial file Curated Data Curated QSAR ready
AOP 818 818 745

BCF 685 618 608

BioHC 175 151 150

Biowin 1265 1196 1171

BP 5890 5591 5436

HL 1829 1758 1711

KM 631 548 541

KOA 308 277 270

LogP 15809 14544 14041

MP 10051 9120 8656

PC 788 750 735

VP 3037 2840 2716

WF 5764 5076 4836

WS 2348 2046 2010

Curation to QSAR Ready Files



LogP dataset:15,809 structures

• CAS Checksum: 12163 valid, 3646 invalid (>23%)
• Invalid names: 555 
• Invalid SMILES 133
• Valence errors: 322 Molfile, 3782 SMILES (>24%)
• Duplicates check:

– 31 DUPLICATE MOLFILES 
– 626 DUPLICATE SMILES
– 531 DUPLICATE NAMES

• SMILES vs. Molfiles (structure check)
– 1279 differ in stereochemistry (~8%)
– 362 “Covalent Halogens”
– 191 differ as tautomers
– 436 are different compounds (~3%)



OPERA Predicted Properties

21
OPERA Models: https://github.com/kmansouri/OPERA

https://github.com/kmansouri/OPERA


Other Data: Human and Ecological
Chemical Hazard Data
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Hazard Data from “ToxVal_DB”

• ToxVal Database contains following data:
– 30,050 chemicals
– 772,721 toxicity values
– 29 sources of data
– 21,507 sub-sources
– 4585 journals cited
– 69,833 literature citations

• If only the data were easy to extract…
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Some ways to do it poorly…
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How do I extract structures?

• Copy-Paste doesn’t work

• This is not the way a publisher should deliver 
chemistry. But this is on the AUTHOR! 25



Trust automatic extraction of  
Structure Drawings???
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Try hand-drawing Algal Toxins!
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Think of files in multiple formats!

• SMILES are hyper-dependent on good 
layout algorithms. It’s not easy! 

• We publish our papers with Excel files and 
SDF files as supp info, on FigShare, and 
on the dashboard as data collections 28
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Not just chemical “structures” 

• Chemicals in commerce, of interest to the EPA, 
are not all easily represented by structures

• Different chemical substances supported
– “UVCB chemicals” - Unknown or Variable Composition, 

Complex Reaction Products and Biological Materials
– Homologous series as Markush Structures
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Example PFAS-UVCBs

30



UVCB Chemicals 
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Markush Structures
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Environmental Chemistry:
More about Names and CASRNs 

• For EPA most chemicals are reported as 
text – chemical names and CAS Numbers
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Chemicals in product SDS sheets 
are commonly UVCBs
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182 chemicals in Personal Care: 
Eye Liner Category
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CASRNs can be problematic…
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Active vs Deleted CASRN
Also “Alternates”
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Tricky mapping by CASRN
This one has 316 Deleted CASRN
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In Vitro Bioassay Screening 
ToxCast and Tox21 
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In Vitro Bioassay Screening 
ToxCast and Tox21 
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Bioactivity: Downloadable Data
https://www.epa.gov/chemical-research/exploring-toxcast-data-
downloadable-data
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ToxCast/Tox21 Data
Analytical QC of the chemicals

42



Access to Analytical QC Data 
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Names and CASRNs to
Support Searches
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Literature Searches - Querying 
28 Million PubMed abstracts
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46

Abstract Sifter - Querying 
28 Million PubMed abstracts



Relationships in the data
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Transformation Products

48



7 salt forms of PFOS 
(and the ion itself)
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Using data relationships

• We have purposely built relationships in the 
data. Specifically, “MS-Ready mappings”
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“MS-Ready” : Suspect Screening and 
Non-Targeted Analysis Workflow
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DSSTox Chemical Database

“Molecular Features” 

Extracted Samples

Raw Samples

Raw Features 

Matched Formulas

Mapped Structures

Prioritized Structures 
(using ToxPi)

Confirmed Structures 
(using ToxCast standards)

Processed Features 

Prioritized Features 

Predicted Formulas

Candidate Structures

Sorted Structures

Predicted Retention Times

Predicted/Observed Functional Use

Top Candidate Structure(s)

Suspect Screening Non-Targeted Analysis

Predicted Concentrations 

Predicted/Observed Media Occurrence

Predicted Mass Spectra

Methodological Concordance

Red = Analytical Chemistry

Blue = Data Processing & Analysis

Green = Informatics & Web Services

Purple = Mathematical & QSPR Modeling 

Color Key



Batch Searching

• Singleton searches are useful but we need to 
search thousands of masses, formulae, 
names, InChIs and CASRNs!

• Typical questions
– What chemicals can I get for 5000 CAS Numbers?
– Can I get predicted properties for 1000 chemicals?
– What is the list of chemicals for the formula CxHyOz ?
– What is the list of chemicals for a mass +/- error ?
– Can I get chemical lists in Excel files? In SDF files?
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Batch Searching
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Batch Searching
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Excel Output
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List of Chemicals
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EPA activities around PFAS chemicals
https://www.epa.gov/pfas
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The OECD List of PFAS
http://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/
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11 PFAS Lists
http://comptox-prod.epa.gov/dashboard/chemical_lists 
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PFAS Categories in Development
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Markush Chemicals 

• PFOS is a member of linear perfluoroalkyl 
sulfonates
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Collaborative Data Curation

• Mapping between our data (and websites) 
has resulted in collaborative data curation

• Collaboration with Emma Schymanski re. 
the NORMAN Suspects Exchange 
https://www.norman-network.com/?q=node/236

• Multiple NORMAN lists now mapped
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https://www.norman-network.com/?q=node/236


NORMAN Suspect Exchange
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http://www.norman-network.com/?q=node/236

http://www.norman-network.com/?q=node/236


Example: NORMAN Priority List
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Our support for FAIR Data
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• We’re definitely not there yet…but are making 
progress at speed…



How we are serving FAIR

• Our data are licensed as public domain data
– available from downloads page
– registered to Figshare
– SQL data dumps

• Collection of web services for old dashboards 
are available – API is being fully revamped
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API in development
Prototype services available
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https://comptox.epa.gov/dashboard/web-test/WS?smiles=CCO&method=hc



How we are serving FAIR

• Our data are licensed as public domain data
– available from downloads page
– registered to Figshare
– SQL data dumps

• Collection of web services for old dashboards 
are available – API is being fully revamped

• Models are published to Github
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OPERA Models on Github
https://github.com/kmansouri

69



How we are serving FAIR

• Our data are licensed as public domain data
– available from downloads page
– registered to Figshare
– SQL data dumps

• Collection of web services for old dashboards 
are available – API is being fully revamped

• Models are published to Github
• DTXSIDs accepted on WikiData
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DTXSIDs on WikiData
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How we are serving FAIR

• Our data are licensed as public domain data
– available from downloads page
– registered to Figshare
– SQL data dumps

• Collection of web services for old dashboards 
are available – API is being fully revamped

• Models are published to Github
• DTXSIDs accepted on Wikidata
• In discussions now re. generation of RDF 
• FAIR page will be updated with progress
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FAIRsharing.org page
https://fairsharing.org/FAIRsharing.tfj7gt

73



In Progress : “InvitroDB_v3”

• The last public release of ToxCast data 
(invitroDB_v2) was in 3rd Quarter of 2015

• Next release of invitroDB_v3 is Fall 2018
• Data includes new assays, new chemicals, 

new pipelining, results of data curation
• Data will also release via the Dashboard
• Data available at https://www.epa.gov/chemical-

research/exploring-toxcast-data-downloadable-data
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https://www.epa.gov/chemical-research/exploring-toxcast-data-downloadable-data


In Progress: Metabolites extracted 
from literature and databases
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In Progress : pKa Prediction Model

• pKa prediction models based on Open 
Data Set of 8000 chemicals – acidic, basic 
and amphoteric chemicals
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In Progress: 700k Predicted MS
http://cfmid.wishartlab.com/

• MS/MS spectra prediction for ESI+, ESI-, and EI
• Predictions generated and stored for >700,000 

structures, to be accessible via Dashboard
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In progress: PFAS Chemical Library

• Development of a high-throughput screening library 
and collection of physical samples (~400)

• 75 PFAS chemicals for screening based on categories, 
diversity, exposure considerations, procurability and 
testability, availability of existing toxicity data
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Conclusion

• Transparent access to data supporting computational 
toxicology – file downloads, SQL data dumps and 
web services

• CompTox Chemicals Dashboard provides access to 
data for ~765,000 chemicals

• Our publications provide chemistry data in usable 
formats – Excel, SDF (V2000/V3000)

• Web Services developing to serve API development 
• Next release: Fall 2018 with InvitroDB_v3 data
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