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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 NCCT Team

• Our team is broad in skills
– Biologists, chemists and toxicologists
– Bioinformaticians and cheminformaticians - modelers 

(QSAR, Deep Learning), text miners
– Information technology team, software developers
– A large IT support team for production applications 

(National Computing Center)
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The need for data and derivative 
models and algorithms

• NCCT outputs: include a lot of data, models, 
algorithms and software applications 

• We produce Open Data – we want people to 
interrogate it, learn from it, develop understanding
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Underpinning with chemicals
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Approximately 15 Years of Data…
Growing with daily curation
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Features
Properties

Chemotypes, fingerprints, 
physchem properties, ...

Chemical representation levels 
supporting data integration
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Features
Properties

Chemotypes, fingerprints, 
physchem properties, ...

Chemical analogs, 
Read-across,
SAR modeling

Chemical representation levels 
supporting data integration
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Integrating in vitro and in vivo data
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TEN YEARS of Assay Measurements:
ToxCast & Tox21
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Pesticides , antimicrobials, food additives, green alternatives, HPV, MPV, 
endocrine reference cmpds, tox reference cmpds, NTP in vivo, FDA GRAS, 
FDA PAFA, EDSP, water contaminants, exposure data, industrial, failed 
drugs, marketed drugs, fragrances, flame retardants, etc.

~9000

Set Chemicals Assays Endpoints Completion

ToxCast Phase I 293 ~600 ~700 2011

ToxCast Phase II 767 ~600 ~700 03/2013

ToxCast E1K 800 ~50 ~120 03/2013

ToxCast Phase III ~8300 ~300 ~300 In progress
Tox21 ~9000 ~80 ~150 In progress

~900



Adding Product Use and Exposure 
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High Throughput Measurement 
to Identify Exposure
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Building Models from the data 
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Multiple Dashboards 
Delivered
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Toxcast Dashboard
https://actor.epa.gov/dashboard/ 

• Access and Interrogate chemical screening 
data from ToxCast and the Tox21 collaboration
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What we have learned…

• Data curation, standardization and versioning is 
essential

• Prototype application development suffices for 
research projects

• Production apps need managed processes
• ODOSOS (Open Data, Open Source and Open 

Standards) endows many benefits

• We are building: CompTox Chemistry Dashboard
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Comptox Chemistry Dashboard
https://comptox.epa.gov
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~760,000 chemicals
>17 years of data



Comptox Chemistry Dashboard
https://comptox.epa.gov
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~760,000 chemicals
>17 years of data



Chemical Page

18



Chemical Properties



Available 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

• Data and models are updated ~90 days



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



Multiple Prediction Algorithms
Transparency is Important
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QSAR Modeling Reporting Format



Consuming and Curating
Public Data

Public data should be curated prior to modeling
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Covalent Halogens Identical Chemicals

Mismatches



Workflow Details and Data 
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OPERA Models: https://github.com/kmansouri/OPERA

https://github.com/kmansouri/OPERA


OPERA on GitHub

27https://github.com/kmansouri/OPERA.git

https://github.com/kmansouri/OPERA.git


Toxicity Values
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Product Composition Details



ToxCast and Tox21 Bioassays 
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ToxCast and Tox21 Bioassays 
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Names and Identifiers



Integrated Literature Searching



Integrated Literature Searching



Integrated Literature Searching



Links to Other Resources



Example External Links…
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Accessing Lists of Chemicals

• Build out definitive “lists” of chemicals  
– Algal toxins
– Poly/perfluorinated chemicals
– Pesticides
– Toxcast screening chemical collection
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The Collection of Lists
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Crowdsourced Curation – HELP!
https://comptox.epa.gov/dashboard/comments/public_index
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Answering Questions 

• I have a 1000 CAS Numbers (or Names) –
are there data available?
– Has any Toxcast data been run?
– Are there Toxicity Data values available?
– Are there predicted exposure data (via Expocast)?
– Can I get predicted physchem data for my model?
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Batch Searching for Data for 
Thousands of Chemicals
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Batch Searching for Data for 
Thousands of Chemicals
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Supporting NTA  Applications

• Exposure surveillance
– What chemicals are in food, products, dust, blood, etc.?

• Chemical prioritization
– What are relevant chemicals & mixtures?

• Exposure forensics
– What are chemical signatures of exposure sources?

• Effect-directed analysis
– What are the biologically active chemicals in complex mixtures?

• Biomarker discovery
– What chemicals are predictive of bioactivity/health impairment?



Suspect Screening Analysis
Chemicals in House Dust

• Chemical confirmation from ToxCast

• Detection frequency

• External calibration for concentrations

• Cluster analysis (homes/chemicals)

• Chemical functional use 



Improving Exposure Estimates –
Characterizing Commercial Products

Log10 (µg/g)

• GCXGC-MS with DCM Extraction
• 1606 tentative and confirmed chemical 

identifications

100 Consumer Products and Articles of Commerce
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Non-targeted Analysis Support
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Chemical “Families”

• Sometimes the simplest of questions are  
difficult to answer!
– What is the list of CAS Numbers for all PCBs?
– Can I get an SDF file of all PCBs?
– Do you have predicted properties for all PCBs?
– What toxicity data is available for individual PCBS?
– Have you measured ToxCast data for any PCBs?
– Can I get all PCBs listed in an Excel Spreadsheet?



Chemical “Families”



One click download



Delivering our Chemistry Data

• Various types of data at FTP download site: 
ftp://newftp.epa.gov/COMPTOX/Sustainable_Chemistry_
Data/Chemistry_Dashboard 51

ftp://newftp.epa.gov/COMPTOX/Sustainable_Chemistry_Data/Chemistry_Dashboard


Open Data Reuse on iOS
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Computational Infrastructure
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We’re not done yet…
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Real time predictions



When you have a structure editor…



Structure, Substructure, Similarity 
Searching



Future Work

• Existing dashboards functionality to be added 
to the “CompTox Chemistry Dashboard”

• Open Application Programming Interface and 
web services

• Integration to other agency databases

• NEXT Release 1st week of March – Society of 
Toxicology and ACS Spring Meetings
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