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EPA’s National Center for 
Computational Toxicology (NCCT)

• ToxCast (EPA) & Tox21 (Multi-Agency)
 screening >3800 (ToxCast) to >10K (Tox21) environmentally 

relevant chemicals across 10’s to 100’s of HTS assays
• ToxRef DB – guideline animal toxicity study reference DB
• ExpoCast (DBs, models), Rapid Toxicity Assessments

 rapid exposure estimates, integration of hazard and exposure 
(IVIVE) estimates for RA

• Public-facing, web-dashboards
 facilitate access to & utility of EPA data with web tools



NCCT (iCSS) Chemistry 
Dashboard

• Why build yet another public chemistry tool?

• Who is it being built for?

• How is it being built?

• What functionality & data will be included?



Using Chemistry to improve linkages 
across EPA  Resources 

• NCCT ToxCast/EDSP Dashboards
• NCCT ExpoCast, CPCat, ACToR
• EPA Chemical Safety & Sustainability (CSS) research
• EPA Substance Registry System (SRS)
• EPA Integrated Risk Information System (IRIS)
• EPA Office of Pesticides (Inerts, Active Ingredients)
• EPA Endocrine Disruption Screening Program (EDSP)
• EPA Office of Water’s Chemical Contaminants List
• EPA Office of Pollution Prevention & Toxics ChemView
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Just lists (pdfs, tables, names, CAS, etc.)!!
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Chemistry Foundation to Support 
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EPA SRS
(TSCA, EcoTox)

EDSP21

ToxCast/Tox21

CPCAT
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1:1 mapping 
CAS:Name:structure

Quality scores
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DSSTox Update
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DSSTox_v1 DSSTox_v2
 Convert DSSTox tables to MySQL
 Develop curation interface
 Implement cheminformatics workflow
 Expand chemical content
 Expand data inventories
 Web-services & Dashboard access

 manually curated 25K substance records 
 EPA-focus, environmental tox datasets
 Emphasis on accurate CAS-name-

structure annotations 
 Public resource for high-quality 

structure-data files (SDF)

 manually curated 25K substance records 
 EPA-focus, environmental tox datasets
 Emphasis on accurate CAS-name-

structure annotations 
 Public resource for high-quality 

structure-data files (SDF)



EPA’s Distributed Structure-Searchable 
Toxicity Database (DSSTox)

DSSTox_v1

~21K
~5K

1:1:1 CAS:name:structure
No conflicts 

allowed

Environmental/Toxicity/Exposure Relevance

Manually CuratedEPA
SRS

ChemIDPubChemEPA 
ACToR

EPA-
relevant 

lists

~735K ~150K

>1M

~54K

~310K ~625K ~5K~16K~33K~101KDSSTox QC 
Levels:

Public_Med
Public_High DSSTox_High

DSSTox_Low
Public_LowPublic_Untrusted

(not loaded)



Building the Chemistry 
Software Architecture

External ServicesExternal Services

APIs and WEB SERVICESAPIs and WEB SERVICES
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iCSS Chemistry Dashboard
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• Web interface supporting EPA’s Chemical Safety 
& Sustainability research (iCSS)

• To be released April 2016, currently in beta-testing
• Will provide public access to DSSTox db
• UI in development only <4mo, building on 

substantial in-house data resources
• Initially name/ID-based searching only …



Componentizing API for 
Resolving Chemical Names

• Look familiar?
– ChemSpider, PubChem, ChEMBL, NCI Resolver …

• ONE reusable EPA component API that searches 
for Names and CAS Registry Numbers…

• … and SMILES, and InChIKeys, and recognizes 
invalid CAS Numbers, and converts SMILES when 
they aren’t in DB, etc. etc. 
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iCSS Chemistry Dashboard
Releasing in April 2016
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Formerly DSSTox GSID, new unique 
public substance ID, essential for 
RDF/semantic web applications

Melting Point



iCSS Chemistry Dashboard
Releasing in April 2016

• Original raw source result view
• Users can submit comments
• Source details provided
• Range of results possible for 

single chemical



• Links external resources: EPA, NIH, property predictors
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iCSS Chemistry Dashboard
Releasing in April 2016

e.g., ChemAxon’s
“Chemicalize” web-service

e.g., PubChem’s 
bioactivity summary 



Linkage to External Predictor, e.g. 
Chemicalize
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Chemicalize.org (powered by ChemAxon)

Atomic 
Charges

Molecule

pKa



How are linkages created?
e.g., CASRN

• ACTOR http://actor.epa.gov/actor/GenericChemical?casrn=80-05-7
• Toxcast Dashboard http://actor.epa.gov/dashboard2/#chemical/80-05-7
• NIST Webbook http://webbook.nist.gov/cgi/cbook.cgi?ID=80-05-7
• TOXNET http://toxnet.nlm.nih.gov/cgi-

bin/sis/search2/r?dbs+toxline:@term+@rn+80-05-7
• EPA SRS 

http://iaspub.epa.gov/sor_internet/registry/substreg/searchandretrieve/ad
vancedsearch/externalSearch.do?p_type=CASNO&p_value=80-05-7

• Some links pass InChIKeys for searching
• Some links pass SMILES for searching/prediction
• Some links pass a list of rank-ordered identifiers for searching (think 

Google Books, Pubmed, Google Scholar)
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Requires linked website be “chemically indexed”Requires linked website be “chemically indexed”



Creating Linkages to Data 
Sources …
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Creating linkages to indexed content is the easy part, 
… creating accurate chemical-data listings is hard!

Creating linkages to indexed content is the easy part, 
… creating accurate chemical-data listings is hard!



Diverse quality in databases

• Challenges in assembling a database
 Sourcing high quality data – sorting wheat from chaff

 How to mesh data together – based on structure? On 
name? On CAS number? Other identifier?

 Checking self-consistency of data?

 Structure validation versus property value validation 
– very different challenges
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Existing Online Property 
Prediction Platforms

• ACD/Interactive Laboratory (Ilab)
• Igor Tetko’s OCHEM 
• The OECD Toolbox
• etc…
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Learn from others’ examples,
… make open, transparent, reusable,

… tailor to EPA’s needs!

Learn from others’ examples,
… make open, transparent, reusable,

… tailor to EPA’s needs!



iCSS Chemistry Dashboard

• Deliver web-based platform hosting chemical property 
data of interest to “environmental toxicology & 
exposure” scientists (powered by DSSTox)

• Provide access to experimental data sets
– e.g. EPISuite’s PHYSPROP: logP, BP, MP, WSol, etc.

but…

“data quality” is a major 
concern & challenge
a LOT of time was spent 
cleaning & curating data!



Global vs Local Models
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EPISuite Predicted vs. Experimental EPISuite vs kNN Comparison of Cluster

Applicability Domain (AD) of original EPI Suite LogP Model 
(accuracy of the global model is an issue)

* 280 cmpd cluster outside AD of EPI Suite  Compared to new model predictions



Building “NCCT Models”

• Collect “Open Data” for various endpoints of interest to 
EPA, from e.g. 

 PubChem
 eChemPortal
 Open Data Sources

• & Build QSAR prediction models
 Using modern machine-learning approaches
 Ensuring high quality data as inputs
 Populating database with measured & predicted values
 Making experimental data training sets available
 Allowing real-time predictions (in the future)
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Open Data Set - example

• 200,000 melting points and 13,000 pyrolysis data points 

• Modeling this much data is a challenge!
• Accessibility to data?

– Figshare.com
– DataDryad.com
– Institutional Repositories 
– Publishers? 21

Melting Point & Pyrolysis Point Dataset

Journal of Cheminformatics
December 2016, 8:2



Integrating other EPA predictors

• ExpoCast
 near & far-field exposure models

• Environmental Fate Simulator (EFS)
 air/soil/water distribution, biotransformation

• CERAPP
 estrogen receptor activity QSAR model 

• T.E.S.T (in progress)
 phys-chem properties & toxicity endpoints
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e.g., T.E.S.T.
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http://www.epa.gov/chemical-research/toxicity-estimation-software-tool-test

 Downloadable Windows 
desktop app

 Several phys-chem and tox 
endpoints predicted

 Multiple QSAR modeling 
methods employed

 Multiple views of data

 Downloadable Windows 
desktop app

 Several phys-chem and tox 
endpoints predicted

 Multiple QSAR modeling 
methods employed

 Multiple views of data



T.E.S.T. QSAR Model 
Prediction Views
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Model statistics

Query chemical

Prediction results



A Platform for Predictions

• Developing a platform for hosting prediction models 
• Coordinating efforts with other EPA prediction platforms and 

programs



Conclusions

• iCSS Chemistry Dashboard will provide public 
access to data & services focused on chemicals of 
interest to EPA & environmental tox communities

• Initially serve up results for measured & pre-
predicted data, on-the-fly predictions in the future

• Data quality impacts models - public domain 
chemical-data linkages require curation/validation

• All data and models will be available as OPEN 
DATA and OPEN CODE
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Want to learn more?

1. Expansion of DSSTox: Leveraging public data to create a semantic 
cheminformatics resource with quality annotations for support of U.S. 
EPA applications (CINF 130)
Division of Chemical Information PAPER ID: 2385741
SESSION: Chemistry, Data & the Semantic Web: An Important Triple to Advance 
Science, 8:15 AM - 11:55 AM
Wednesday, March, 16, 2016 from 10:40 AM - 11:05 AM
Room 25B - San Diego Convention Center

2. Influence of data curation on QSAR Modeling – examining issues of 
quality versus quantity of data (MPPG 124)
Multidisciplinary Program Planning Group PAPER ID: 2394881

SESSION: Big Data Science, 1:30 PM - 4:30 PM
Thursday, March, 17, 2016 from 1:30 PM - 2:00 PM
ROOM & LOCATION: Room 3 - San Diego Convention Center


