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Purpose of the Cheminformatics Modules

• PoCs are research software builds to prove approaches 
before moving into production software environments

• Assemble data, develop data model(s), test user 
interface approaches, work with test user base to garner 
feedback

•  PoCs are internal access data refreshes and application 
updates can be more frequent 



Cheminformatics Modules

• Hazard Comparison module (MATURE: Background and Demo)
• Structure Alerts (DEVELOPMENT)
• PREDICT modules 

• 1.0 – Batch (MATURE)
• 2.0 – New models (DEVELOPMENT)

• Structure/substructure/similarity searching (MATURE: Demo)
• Standardizer (DEVELOPMENT)
• ToxPrints (DEVELOPMENT)
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Hazard Module – Batch Toxicity Data



Hazard Module – Batch Toxicity Data

• >1800 rows of hazard data for a dozen chemicals
• Is there an easier way to view complex hazard data?



Hazard Module: Purpose
• Identify safer alternatives for chemicals of concern

• Comparative Chemical Hazard Assessment

• OECD review* identified need for “automated tools and 
methods to reduce hours of highly technical work”

• The Hazard Module aims to fill this gap
• Enable users to readily compare alternatives
• Display compiled chemical hazard data
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*Organization for Economic Cooperation and 
Development (OECD) (2013), Current 
Landscape of Alternatives Assessment Practice: 
A Meta-Review.



Hazard comparison methodology

• Based on the DfE scoring system
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• Human Health
• Acute mammalian toxicity*
• Carcinogenicity
• Mutagenicity*
• Endocrine disruption*
• Reproductive toxicity
• Developmental toxicity*
• Neurotoxicity
• Systemic toxicity
• Skin sensitization
• Skin irritation
• Eye irritation

*Six endpoints can be predicted using 
Quantitative Structure-Activity Relationship 
(QSAR) models in WebTEST

Ordinal scoring
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  Scores of Low, Medium, High, and Very High (L, M, H, VH) for:

Ecotoxicity
• Acute aquatic toxicity*
• Chronic aquatic toxicity

Fate
• Persistence
• Bioaccumulation*



Sources of Hazard Data
•   GHS H-codes

• Safe Work Australia Hazardous Chemical Information System (HCIS)
• Canada CNESST Workplace Hazardous Materials Information System (WHMIS)
• European Chemicals Agency (ECHA) Classification Labeling and Packaging (CLP) 
• National Institute of Technology and Evaluation (NITE) of Japan
• Ministry of Human Resources Malaysia Industry Code of Practice on Chemicals Classification 

and Hazard Communication

•   Hazard categories
• Germany Permanent Senate Commission for the Investigation of Health Hazards of Chemical 

Compounds in the Work Area (MAK Commission)
• New Zealand Environmental Protection Authority

•   Quantitative toxicity data
• ChemIDplus, ToxVal v9

•   Quantitative Structure-Activity Relationships (QSAR) Predictions
• WebTEST, OPERA
• Ministry of Environment and Food of Denmark Advisory List for Self-Classification of Dangerous 

Substances
10



Sources of Hazard Data
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 Hazardous Chemical Lists
• Environment and Climate Change Canada Domestic Substance List (DSL)
• EPA mid-Atlantic Region Human Health Risk-Based Concentrations
• Health Canada Priority Substance Lists (Carcinogenicity and Reproductive Tox)
• International Agency for Research on Cancer (IARC) Monographs
• Integrated Risk Information System (IRIS)
• National Institute for Occupational Safety and Health (NIOSH) list of potential occupational 

carcinogens
• California Proposition 65
• ECHA Registration, Evaluation, Authorization and Restriction of Chemicals (REACH) Candidate List of 

Substances of Very High Concern for Authorization
• Report On Carcinogens
• Chemsec Substitute It Now (SIN) List
• The Endocrine Disruption Exchange (TEDX) List of Potential Endocrine Disruptors
• Toxic Substances Control Act (TSCA) Work Plan
• University of Maryland (UMD) List of Acute Toxins, Teratogens, Carcinogens, or Mutagens



Criteria for converting acute mammalian toxicity 
data into hazard scores
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Source Endpoint
Score

VH H M L N/A

DfE criteria

Oral LD50 
(mg/kg) ≤ 50 > 50 - 300 > 300 - 2000 > 2000

Hazard Code H300 H301 H302

ChemIDplus; 
T.E.S.T. Predicted*

Oral LD50* 
(mg/kg) ≤ 50 > 50 - 300 > 300 - 2000 > 2000

Australia; Canada; 
ECHA CLP; 

Japan**; Malaysia
Hazard Code H300 H301 H302 H303

Denmark Category AcuteTox1 and 
AcuteTox2 AcuteTox3 AcuteTox4

New Zealand Category
Category 6.1A

Category 6.1C Category 6.1D Category 6.1E
Category 6.1B

TSCA Work Plan Acute mammalian 
toxicity

UMD Acute toxin
*T.E.S.T. Predicted predicts rat LD50 values. ChemIDplus LD50 values for rats, mice, rabbits, and guinea pigs were included.
**Japan is the only source that included H303.



•   Trumping Method: overall score is the most toxic score from 
the most authoritative source:

1. Authoritative (e.g., ECHA CLP)

2. Screening (e.g., ChemIDplus)

3. Predicted (e.g., WebTEST)

Assigning the Overall Score
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Strengths and Limitations

•   Strengths
• Provides rapid way to compare chemicals and retrieve hazard data
• Includes data from several sources including QSAR models

•   Limitations
• Data gaps
• Automation limits the scope of data searching and quality assurance, 

particularly of primary sources
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Future Research Needs
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• Update the data from each source 
• Add additional data sources
• New/Improved QSAR models



Live DEMO
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PREDICT 1.0 Batch Prediction



PREDICT 2.0 – New model delivery

• Early development work for how we will deliver models in the 
future. The biggest benefit is data transparency
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Structure/Substructure/Similarity

LIVE DEMO 
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Generation of QSAR-Ready/MS-Ready 

• Preparing chemicals for modeling and Linking in CCD
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ToxPrint chemotype generation



Examine ToxPrint Enrichment Statistics



Work-in-Progress

• Preparing for a new release which will include Safety Module



Not all PoCs are public. Work-in-progress
• Safety Module



Work-in-Progress

• Preparing for a new release which will include Safety Module
• Data will be updated with latest curated data PLUS support for 

chemicals with no structures (cannot do QSAR prediction)
• Structure alerts will be updated with support for:

• PFAS

• AIM



Work-in-Progress

• All Hazard and Safety profiles, and TEST predictions will be 
pre-generated for faster response

• “Kubernetes-support” and “queueing” will spin up additional 
processors for faster predictions – should support 1000s of 
chemicals for TEST predictions

• Adding support for multiple other prediction engines such as 
OPERA 



Not all PoCs are public. Work-in-progress
• Analytical Methods and Open Spectral Database



Not all PoCs are public. Work-in-progress
• Chemical Transformation database (ChET)



Not all PoCs are public. Work-in-progress
• ChemSTER: Chemical Mapping of Space 
    Translated into Enhanced Representations



Interested in a demo?
• Cheminformatics Modules: 

https://www.epa.gov/comptox-tools/cheminformatics 

• Contact for follow up demo(s): 
• Antony Williams  williams.antony@epa.gov 
• Todd Martin martin.todd@epa.gov 

https://www.epa.gov/comptox-tools/cheminformatics
mailto:williams.antony@epa.gov
mailto:martin.todd@epa.gov


Demo screen shots (just in case)
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Final record used to assign score on hover
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All records for a given score on click
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Scoring Dictionaries available in headers
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List of sources by type from authority info buttons
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CTS Metabolite Feature

45



Similar chemicals feature
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Custom report feature
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