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• National Center for Computational Toxicology 
(2005) established 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

National Center for 
Computational Toxicology



Why we must innovate…
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Toxic Substances Control List

https://www.epa.gov/tsca-inventory/how-access-tsca-inventory
3

• Inventory was initially published in 1979
• Second version, containing about 62k chemical

substances, was published in 1982
• Continues to grow and now lists ~85k chemicals, 

about 15k are confidential business information



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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Is 750,000 substances BIG DATA?

• # of chemical substances in databases

• Data quality is a challenge!!! Careful 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

HTS-In vitro
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Adding High-Throughput 
Hazard Screening Data

ToxCast

Concentration
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~600 Cell & 
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~1,000 
Chemicals

Tox21

~30 Cell & 
biochemical 

assays
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TEN YEARS of Assay Measurements:
ToxCast & Tox21
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Chemicals

As
sa

ys

~800

0

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



High-Throughput Bioactivity to 
Identify Potential Hazards

 Assays in dose-response format (AC50 – and efficacy if data 
described by a Hill function)
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With Uncertainty

All data is made public: http://actor.epa.gov/dashboard/

http://actor.epa.gov/dashboard/


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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Toxcast Dashboard
https://actor.epa.gov/dashboard/ 

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

• Data curation, standardization and versioning 
is essential

• Prototype application development suffices 
for research projects but production 
development requires managed processes

• ODOSOS (Open Data, Open Source and 
Open Standards) endows many benefits

• With this in mind…
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Our Latest Dashboard 
https://comptox.epa.gov
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Bisphenol A
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Chemical Properties 
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Chemical Properties 
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• Consuming and producing open data



Data Distribution
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• Consuming and producing open data



Data Distribution
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Modeling Details
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Calculation Result 
for a chemical 

Model Performance
with full QMRF

Nearest Neighbors 
from Training Set 
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Prediction Details and 
QMRF Report
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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



Consuming and Curating
Public Data

Public data should be curated prior to modeling

29

Covalent Halogens Identical Chemicals

Mismatches



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%)



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

https://github.com/kmansouri/OPERA


Synonyms – curated and Open 
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Taking advantage of online data
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Consuming Available
Toxicity Value Data
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Exposure 
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Consumer Product data 
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• Data gathered from multiple online data 
sources – text mining and data downloads

• CASRN and name mappings to produce 
curated structure set with functional uses

• Produce Functional Use (FUSEDB) and 
build predicted functional use models



Exposure 
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Environ. Sci. Technol., 2013, 47 (15), pp 8479–8488



ToxCast and Tox21 Bioassays 
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ToxCast and Tox21 Bioassays 
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PubChem Bioassay Data Integration
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Literature Search Integration 
Google Scholar
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PubMed: BIG DATA Literature
Search Integration
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Linked Directly to PubMed
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Answering Questions 

• I have a 1000 CAS Numbers (or Names) –
is 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?

• Identifying chemicals by analytical chemistry
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Mass Spectrometry Analyses

• Targeted Analysis:
- We know exactly what we’re looking for 
- 10s – 100s of chemicals

• Suspect Screening Analysis (SSA):
- We have chemicals of interest
- 100s – 1,000s of chemicals

• Non-Targeted Analysis (NTA):
- We have no preconceived lists
- 1,000s – 10,000s of chemicals
- In dust, soil, food, air, water, products, etc.                                      



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?



Batch Searching - Formulae



Batch Searching - Formulae

• Uses data source ranking
• Production volume ranking in development



Chemical Prioritization: 
Dust Case Study

Rager et al., Environ. Int., v88, March 2016, pp 269–280. DOI: 10.1016/j.envint.2015.12.008



Suspect Screening Results: 
Dust Case Study

• Chemical confirmation from ToxCast

• Detection frequency

• External calibration for concentrations

• Cluster analysis (homes/chemicals)

• Chemical functional use 



Improving Exposure Estimates and 
Characterization

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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“RapidTox” in Development

• Semi-automated decision support tool for high-
throughput risk assessments

• Use the Dashboard “architecture” and data streams 
and add appropriate functionality

• Combine diverse data streams into quantitative 
toxicity values with uncertainty estimates

• Test out new prototype capabilities for internal users 
– e.g. GenRA (Generalized Read Across)



Risk Assessments Generally Contain a 
Standard Set of Components

We are assembling these components to 
deliver RapidTox

Phys Chem

Exposure

Hazard

Dose Response, PK, and 
PODs

Risk Summary

Uncertainty

Variability



Problem #1 – SuperFund site

• At a SuperFund site, EPA has 
identified 600 unique chemicals

• 300 of these have “good” reference 
doses/concentration (RfD/RfC), but 
300 do not

• Can we determine “good enough” 
RfD/RfC to aid in cleanup planning?

• Can we do it “quickly”?



Problem #2 – Prioritize inerts

• Office of Pesticide Programs (OPP) 
petitioned to perform risk 
assessments on 100s of pesticidal 
“inert ingredients”

• Companies have not typically been 
required to submit in vivo data on 
individual inerts

• Can we prioritize which of these 
chemicals should be the focus of 
detailed risk assessments?
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RapidTox Dashboard in development 
Risk Assessment Tool



Quantifying Uncertainty & Assessing 
Performance of Read-Across - GenRA

• “Chemical-Biological Read-Across” - predict toxicity as a 
similarity-weighted activity of nearest neighbors

• Evaluates read-across performance and uncertainty using 
available data



Work-in-progress
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Deliver Data and Models 
for Reuse

https://www.epa.gov/chemical-research/toxicity-forecaster-toxcasttm-data

https://www.epa.gov/chemical-research/toxicity-forecaster-toxcasttm-data


Open Data means Reuse
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Delivering Data to the Community

• Linkages are simple: using the associated identifiers

• Files of structures/identifiers mapped to DTXSIDs
• Integrated already - PubChem, EBI’s UNICHEM,

ChemSpider, ToxPlanet. Whoever wants the files…



Delivering our Chemistry Data

• Various types of data at FTP download site: 
ftp://newftp.epa.gov/COMPTOX/Sustainable_Chemistry_
Data/Chemistry_Dashboard 62

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


Open Data Reuse on iOS
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Delivering More Value from 
Our Data – TRIPLE STORE?
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Computational Infrastructure 
and Processes

• 10 years of development – heterogeneous
– MySQL, Java, R-code, Matlab, multiple Javascript environments, 

100s of web services
– Multiple projects, loose connectivity 

• Migration to homogeneity for production Apps
– MySQL
– Java
– JQuery/JavaScript
– Versioned microservices

• Sprint methodology with Atlassian management tools 
– Confluence – knowledge management
– Jira – ticketing/stories (work assignments)
– Fisheye – collaborative peer code review
– Bitbucket – code version control system
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Computational Infrastructure
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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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Many Successes from 
Our Approaches

Provide Mechanistic 
Support for Hazard ID

Group Chemicals by 
Similar Bioactivity and 
Predictive Modeling

Prioritization of Chemicals
for Further Testing 

Assays/Pathways

C
he

m
ic

al
s

IARC Monographs 110, 112, 113

FIFRA SAP, Dec 2014



We’re not done yet…
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Transcriptomics Data will Deliver 
Terabytes of Data for Analysis

TruSeq
r2 0.74

TempO-Seq
r2 0.75

Low Coverage
r2 0.83

Currently capable of assigning to >40 
MOAs based on transcriptional 
responses

MOA Analysis Pipeline

• Large scale screen of 1,000 chemicals (ToxCast I/II) 
in single cell type this summer

• Additional screens across multiple cell types/lines
• Additional reference chemicals and genetic 

perturbations (RNAi/CRISPR/cDNA)



Beginning to Address Metabolic 
Competence

“Extracellular”
Approach

“Intracellular”
Approach

Chemicals metabolism in the media or 
buffer of cell-based and cell-free 

assays

Capable of metabolizing chemicals 
inside the cell in cell-based assays

More closely models effects of hepatic 
metabolism and generation of circulating 

metabolites

More closely models effects of 
target tissue metabolism

Integrated approach to model in vivo
metabolic bioactivation and 

detoxification
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Future Work

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

• RapidTox functionality tested and released
• Open Application Programming Interface and 

web services
• Integration to other agency databases
• Deliver our data to the semantic web

– Use accepted ontologies, chemical structures first
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