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Who is NCCT?

• National Center for Computational Toxicology – part of 
EPA’s Office of Research and Development 

• Research driven by EPA’s Chemical Safety for 
Sustainability Research Program
–Develop new approaches to evaluate the safety of chemicals
– Integrate advances in biology, biotechnology, chemistry, exposure 

science and computer science 

• Goal - To identify chemical exposures that may disrupt 
biological processes and cause adverse outcomes.
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Data, models, algorithms, … 

• Our 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

3



Office of Research and Development
National Center for Computational Toxicology

Sharing via  Dashboard Apps
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Recent Cheminformatics Developments

• We are building a new cheminformatics architecture

• PUBLIC dashboard gives access to “curated chemistry”

• Focus on integrating EPA and external resources

• Aggregating and curating data, visualization elements and 
“services” to underpin other efforts

• QSAR
• Read-across
• Non-targeted screening
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Introducing Our Latest Dashboard 
https://comptox.epa.gov
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• >720,000 chemicals
• >Assembling data since 2002
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Bisphenol A
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Physicochemical Properties
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Bioassay Screening Data

9



Office of Research and Development
National Center for Computational Toxicology

Functional Use and Composition
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Dashboard: External Links
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External Prediction 
Integration

Take Advantage of 
Online Resources 
and Stop Rework!
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External Integrations: Chemicalize
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External Integrations: MolInstincts
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External Integrations: NMRDB.org
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Developing “NCCT Models”

• Interest in physicochemical properties to include in exposure 
modeling, augmented with ToxCast HTS in vitro data etc.

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

• Work has been initiated using available physicochemical data 
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PHYSPROP Data: Available from:
http://esc.syrres.com/interkow/EpiSuiteData.htm

• Water solubility 
• Melting Point
• Boiling Point
• LogP (Octanol-water partition coefficient)
• Atmospheric Hydroxylation Rate
• LogBCF (Bioconcentration Factor)
• Biodegradation Half-life
• Ready biodegradability
• Henry's Law Constant
• Fish Biotransformation Half-life
• LogKOA (Octanol/Air Partition Coefficient)
• LogKOC (Soil Adsorption Coefficient)
• Vapor Pressure
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Check and Curate Public Data

• Public data should always be checked and curated 
prior to modeling. This dataset was no different.

• The data files have FOUR representations of a 
chemical, plus the property value.
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Check and Curate Public Data

• Public data should always be checked and curated 
prior to modeling. This dataset was no different.
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Covalent Halogens Identical Chemicals

Mismatches
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The Approach

• Our curation process 
– Decide on the “chemical” by checking levels of consistency
– We did NOT validate each measured property value
– Perform initial analysis manually to understand how to clean the 

data (chemical structure and ID)
– Automate the process (and test iteratively)
– Process all datasets using final method
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KNIME Workflow 
to Evaluate the Dataset
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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%)
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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
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Principle Description

1) A defined endpoint Any physicochemical, biological or
environmental effect that can be measured and
therefore modelled.

2) An unambiguous algorithm Ensure transparency in the description of the
model algorithm.

3) A defined domain of applicability Define limitations in terms of the types of
chemical structures, physicochemical properties
and mechanisms of action for which the models
can generate reliable predictions.

4) Appropriate measures of 
goodness-of-fit,   robustness and 
predictivity

a) The internal fitting performance of a model
b) the predictivity of a model, determined by

using an appropriate external test set.
5) Mechanistic interpretation, if 
possible

Mechanistic associations between the
descriptors used in a model and the endpoint
being predicted.

Following the 5 OECD Principles*

http://www.oecd.org/chemicalsafety/risk-assessment/37849783.pdf
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LogP Model: Weighted kNN Model, 
9 descriptors

Weighted 5-nearest neighbors
9 Descriptors
Training set: 10531 chemicals
Test set: 3510 chemicals

5 fold CV:    Q2=0.85,RMSE=0.69
Fitting:         R2=0.86,RMSE=0.67
Test:             R2=0.86,RMSE=0.78
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Prop Vars 5-fold CV (75%) Training (75%) Test (25%)

Q2 RMSE N R2 RMSE N R2 RMSE

BCF 10 0.84 0.55 465 0.85 0.53 161 0.83 0.64

BP 13 0.93 22.46 4077 0.93 22.06 1358 0.93 22.08

LogP 9 0.85 0.69 10531 0.86 0.67 3510 0.86 0.78

MP 15 0.72 51.8 6486 0.74 50.27 2167 0.73 52.72

VP 12 0.91 1.08 2034 0.91 1.08 679 0.92 1

WS 11 0.87 0.81 3158 0.87 0.82 1066 0.86 0.86

HL 9 0.84 1.96 441 0.84 1.91 150 0.85 1.82

NCCT Models 
What you would report in a paper
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Communicating Transparency 
in Models to Users of an App

• Too often predicted values just give “numbers”
• Users have no real understanding of model performance
• There are good examples though! ACD/Ilab, T.E.S.T, OCHEM
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ACD/ILab

EPA T.E.S.T

More on this later

OCHEM



Office of Research and Development
National Center for Computational Toxicology

What about our Property Data?
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Data Downloads
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Data Download: Excel
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Data Download: SDF
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Access to Experimental Data
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Predictions for >720,000 Chemicals

• NCCT_Model predictions were built on curated 
training sets

• All chemicals in DSSTox, accessed via the 
CompTox Dashboard, were pushed through all 
predictive models

• Predicted data made available, with detailed 
MODEL REPORTS
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Predicted Data
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Calculation Result 
for a chemical 

Model Performance
with full QMRF

Nearest Neighbors 
from Training Set 
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QMRF Reports
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Prediction Details and QMRF Report

35



Office of Research and Development
National Center for Computational Toxicology

EPA T.E.S.T
https://www.epa.gov/chemical-research/toxicity-estimation-software-tool-test
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Physical properties in TEST

Endpoint Definition

Normal boiling point Temperature (oC) at which a chemical boils at 
atmospheric pressure 

Density Density (g/cm³) for chemicals which have a normal 
boiling point greater than 25oC 

Flash point The lowest temperature (oC) at which it can 
vaporize to form an ignitable mixture in air 

Thermal conductivity The property of a material (mW/mK) reflecting its 
ability to conduct heat 
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Physical properties in TEST, cont.

Endpoint Definition

Viscosity 
A measure of the resistance of a fluid to flow (cP) 
defined as the proportionality constant between 
shear rate and shear stress 

Surface tension A property of the surface of a liquid (dyn/cm) that 
allows it to resist an external force 

Water solubility The amount of a chemical (mg/L) that will dissolve 
in liquid water to form a homogeneous solution 
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Test set of predictions available…

•A test set of predictions already performed
•This initial set of data already available
•1,000 chemicals done, 720,000 to go…

39

New Properties 
from T.E.S.T
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EPA T.E.S.T
https://www.epa.gov/chemical-research/toxicity-estimation-software-tool-test

40

From physicochemical property 
endpoints to toxicity endpoints 



Office of Research and Development
National Center for Computational Toxicology 41

Toxicity Endpoints in TEST

Endpoint Definition
96 hour fathead 
minnow LC50

Concentration in mg/L that causes 50% of fathead 
minnow to die after 96 hours

48 hour Daphnia 
magna LC50

Concentration in mg/L that causes 50% of Daphnia 
magna to die after 48 hours

48 hour 
T. pyriformis IGC50

Concentration in mg/L that causes 50% growth 
inhibition to T. pyriformis after 48 hours

Oral rat LD50 Amount of chemical in mg/kg body weight that 
causes 50% of rats to die after oral ingestion
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Endpoints in TEST, cont.

Endpoint Definition
Bioaccumulation 
factor

Ratio of the chemical concentration in fish as a result 
of absorption via the respiratory surface to that in 
water at steady state

Developmental 
toxicity

Whether or not a chemical causes developmental 
toxicity effects to humans or animals

Ames mutagenicity A compound is positive for mutagenicity if it induces 
revertant colony growth in any strain of Salmonella 
typhimurium



Office of Research and Development
National Center for Computational Toxicology 43

For T.E.S.T >800 Descriptors used

• Estate values and E-state counts 
• Constitutional descriptors
• Topological descriptors
• Walk and path counts
• Connectivity
• Information content
• 2d autocorrelation
• Burden eigenvalue
• Molecular property (such as Kow)
• Kappa
• Hydrogen bond acceptor/donor counts
• Molecular distance edge
• Molecular fragment counts
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Full transparency for each prediction
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Future Work

•Curation manuscript presently going through 
clearance – all data and models to be made 
available as Open Data

•“Real-time prediction” using NCCT_Models: 
single or list-based calculations (SDF/Excel)

•Access to data via API/web services
•Complete T.E.S.T. physchem predictions
• Integrate environmental fate and toxicity 
predictions 
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Work in Progress: Environmental 
Fate, Transport and Toxicity
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Work in Progress: Analog 
Identification and Similarity Search
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Conclusion

• The CompTox dashboard is an entry point for 
curated physchem data and the resulting 
NCCT_Models (>720k chemicals)

• Inclusion of properties from other EPA prediction 
modules (i.e. T.E.S.T, is under way)

• Full performance statistics available for all models
• The dashboard will become a data dissemination 
hub for experimental and predicted data as well as 
direct access to various types of prediction models 
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