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Outline

• Intro to Computational Toxicology
• Vision of the Dashboard
• CompTox Chemicals Dashboard Navigation

o Simple search
oBatch search

• Case Example for Clean Water Act Programs
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Computational Toxicology

• Developing, gathering, integrating, and evaluating data and 
information using mathematical and computer-based approaches 
to better understand chemical hazards and risks to human health 
and the environment

• Typically refers to non–in vivo toxicological tools and approaches 
• New Approach Methodologies (NAMs)—in silico, in vitro, hazard + exposure

• Some tools and approaches are already used in hazard and/or risk 
assessments

• E.g., Quantitative Structure-Activity Relationships (QSARs)
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New Approach Methodologies (NAMs)
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New Approach Methodologies (NAMs)

5



New Approach Methodologies (NAMs)
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New Approach Methodologies (NAMs)
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Vision of the CompTox Chemicals Dashboard

• Develop public access for environmental chemical data to 
support EPA and partner decision making:

• Centralized location for relevant chemical data
• Chemistry, exposure, hazard and dosimetry
• Combination of existing data and predictive models
• Publicly accessible, periodically updated, curated

• Easy access to data improves efficiency and ultimately 
accelerates chemical risk assessment
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Dashboard Data Contents

Hazard 
identification

Dose-response 
assessment

Exposure 
assessment

Risk 
characterization

• Chemical characterization
• Hazard: safety classifications, human 

health & ecological data, in vivo animal 
data, biological targets (effect), dose-
response characterization (dose),

• Toxicokinetics
• Exposure: exposure levels

+ online web applications: chemical similarity search, read-across, literature search 9



https://comptox.epa.gov/dashboard/

Updated architecture, making future 
development easier (Fall 2021)
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Clickable informational icon

Updated architecture, making future 
development easier (Fall 2021)
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Updated architecture, making future 
development easier (Fall 2021)

Provides the latest important 
information
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Basic Search
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Basic Search – 3 ways
• chemical
• product/use category
• assay/gene

14



Basic Search – by chemical: “bisphenol a”
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Details tab - Chemical Landing Page
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Executive Summary tab

Scroll to see more

Overview of data
• Quantitative toxicity values
• ADME
• Exposure
• Adverse Outcome Pathway (AOP) 

links
• Physchem & fate & transport
• Plots: hazard Point-of-Departure 

(POD) oral/inhalation and in 
vitro bioactivity summary
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Executive Summary tab

Scroll to see more

Overview of data
• Quantitative toxicity values
• ADME
• Exposure
• Adverse Outcome Pathway (AOP) 

links
• Physchem & fate & transport
• Plots: hazard Point-of-Departure 

(POD) oral/inhalation and in 
vitro bioactivity summary

• EPA's Integrated Risk 
Information System 
(IRIS)

• A Provisional Peer-
Reviewed Toxicity 
Value (PPRTV) –for 
Superfund Program

• Regional Screening 
Level (RSL)

• Reference Dose (RfD)

• Reference 
Concentration (RfC)

• Point of Departure 
Value (POD)
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Executive Summary tab

Overview of data
• Quantitative toxicity values
• ADME
• Exposure
• Adverse Outcome Pathway (AOP) 

links
• Physchem & fate & transport
• Plots: hazard Point-of-Departure 

(POD) oral/inhalation and in 
vitro bioactivity summary
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Executive Summary tab

Overview of data
• Quantitative toxicity values
• ADME
• Exposure
• Adverse Outcome Pathway (AOP) 

links
• Physchem & fate & transport
• Plots: hazard Point-of-Departure 

(POD) oral/inhalation and in 
vitro bioactivity summary

Scroll to see more 20

Exposure limits
• Water quality, air quality, and occupational 

exposure values (e.g., EPA’s Office of Water, 
Occupational Safety and Hazard (OSHA))



Functional Informational Features

• Hover over 
information

• Links to external 
resources

• Redirect links within 
dashboard
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Properties tab: Experimental and Predicted Values

• Polarizability
• Henry’s Law
• Boiling Point
• Flash Point 
• Melting Point 
• Molar Refractivity 
• Molar Volume 
• Viscosity 
• Surface Tension
• Density
• Vapor Pressure
• Water Solubility
• Thermal Conductivity
• Index of Refraction
• LogKoa: Octanol-Air
• LogKow:Octanol-Water

Ability to look at 
parameter-specific tables22



New Data Table Functional Features

1 2

1. Export data
2. Click on column name to sort
3. Filter data
4. Hide/Show columns

3 4
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Env.Fate/Transport tab
• Atoms. Hydroxylation 

Rate
• Biodeg. Half-Life (Km)
• Soil Adsorp. Coeff (Koc)
• Bioaccumulation Factor
• Bioconcentration Factor

Ability to look at parameter-
specific tables
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What can these properties be used for?

Physical-Chemical & Environmental Fate/Transport Properties

• Input into broader models – e.g., hazard, toxicokinetics, exposures

• Use as flags related to persistence and bioaccumulation

• Experimental design – e.g., knowing what chemicals are too volatile 
when designing bioactivity screens
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Other Chemistry-Related Data

• Similar Compounds, based on similarity of molecular fingerprints

• Related Substances, based on 
o Salt Form
o Monomer
o Polymer
o Predecessor: Component
o Component
o Markush Parent
o Markush Child
o Transformation Parent
o Transformation Product
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Generalized Read-Across (GenRA)

• Interactive workflow to:
o search for target or draw it;
o define fingerprints for similarity and number of analogs; 
o Examine what data exist for source analogs;
o Inspect the consistency, concordance, and range of effects for analogs
o Understand confidence in the prediction(s)
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Hazard tab Traditional animal studies toward 
human toxicity & ecotoxicology

ToxVal Database – 30 worldwide sources 
• e.g., IRIS, ECHA, EFSA …
• + ECOTOXicology Knowledgebase 

(ECOTOX) – aquatic life, terrestrial 
plants and wildlife
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Hazard tab Exposure limits
Water quality, air quality, and occupational 
exposure values

e.g.,EPA’s Office of Water, Occupational 
Safety and Hazard (OSHA), Food and Drug 
Administration, State-specific values
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Safety > GHS Data GHS (Globally Harmonized System of Classification and Labelling of 
Chemicals) is a United Nations system to identify hazardous 
chemicals and to inform users about these hazards. 

Links out to external 
source (PubChem)

e.g., sources:
• EU Regulation
• European Chemicals Agency (ECHA)
• Safe Work Australia
• Hazardous Substances Data Bank (HSDB)
• Japan National Institute of Technology 

and Evaluation (NITE) 
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Bioactivity tabs (in vitro)

US EPA’s Toxicity Forecasting (ToxCast) Program 
https://www.epa.gov/chemical-research/toxicity-forecasting

• High throughput chemical screens to generate biological 
data on hundreds to thousands of chemicals
o E.g., chemical-biological receptor interaction, metabolomics 

changes, functional cellular changes (neural network function), 
zebrafish development

o Tox21 – intergovernmental US collaboration

• Development of predictive models utilizing individual 
assay data (e.g., estrogen receptor (ER) model)
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Bioactivity tab: ToxCast Summary

RE
SP

O
N

SE

CONCENTRATION

New visualization features

cytotoxicity

Dots represent 
response from a 

single assay

Scroll to see more 32



Bioactivity tab: ToxCast Summary

Activity concentration where there 
is a 50% change in response

Ecology linkage: Sequence Alignment to Predict 
Across Species Susceptibility (SeqAPASS)
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Bioactivity tab: Conc. Response Data

Links out to concentration-
response plots
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Bioactivity tab: Conc. Response Data

Links out to concentration-
response plots
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Bioactivity tab: PubChem

Links out to external 
source (PubChem)
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Bioactivity tab: ToxCast: Models 
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What can be done with the bioactivity data?

• Valuable for chemical safety and risk assessment
o Routinely used by industries and regulatory authorities (e.g., genotoxicity)

• Informing Adverse Outcome Pathways

• Estrogen Pathway model is an alternate Tier 1 screen for the US EPA’s 
Endocrine Disruptor Screening Program (EDSP)

• Toward prioritization: In vitro to in vivo extrapolation (IVIVE)
o Calculate an external exposure dose based on the in vitro bioactivity data and 

compare with predicted exposures 
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ADME > IVIVE tab ADME – Absorption, Distribution, Metabolism, Excretion
IVIVE – in vitro to in vivo extrapolation
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Exposure tabs

Reported and measured data - come from public sources (e.g., 
MSDS sheets, EPA’s Toxics Release Inventory, National Health 
and Nutrition Examination Survey (NHANES) biomonitoring 
data)

Predicted data - use various inputs, including physchem and 
env./fate transport data

Databases are developed for public consumption. E.g.,
• EPA's Chemical and Products Database (CPDat)
• EPA’s Chemical/Product Categories Database (CPCat)
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Exposure tab: Product & Use Categories 
EPA's Chemical and Products Database (CPDat)
EPA’s Chemical/Product Categories Database (CPCat)
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Exposure tab: Chemical Weight Fraction
Reported or predicted by ingredient list

42



Exposure tab: Functional Use
Reported and predicted values
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Exposure tab: Toxics Release Inventory

https://awsedap.epa.gov/public/extensions/TRINA_dashboard_2020/TRINA_dashboard_2020.html

https://www.epa.gov/trinationalanalysis

Not currently working, but should look like this:

Reported values
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Exposure tab: Monitoring data
Measured values
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Exposure tab: Exposure Predictions
Predicted values
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Exposure tab: Production Volume
Reported values

EPA’s Chemical Data Reporting 
(CDR) Rule, issued under the 
Toxic Substances Control Act 
(TSCA)
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Literature tabs

• Perform searches of publications containing the chemical, as 
well as user-defined terms 
o Google Scholar
o PubMed Abstract Sifter

• Direct visualization of curated chemical database information
o PubChem Articles
o PubChem Patents
o PPRTV (EPA’s Provisional Peer-Reviewed Toxicity Value)
o IRIS (EPA’s Integrated Risk Information System)
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Literature tab: Google Scholar

May choose terms from dropdown menu 
or type your own
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Literature tab: PubMed Abstract Sifter

May choose terms from dropdown menu or type your own
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Literature tab: PubChem Articles

Links out to external 
source (PubChem)
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Literature tab: PubChem Patents
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Literature tab: PPRTV

*example chemical is Aniline
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Literature tab: IRIS

EPA’s Integrated Risk Information System

54



External Links
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Are there other ways to search?

• Advanced Search, by
o Mass 
o Empirical formula
o Both

• Predictions
o Search or draw structure
o Predictions are based on QSAR models related 

to the Toxicity Estimation Software Tool (TEST)
56



Batch Searches

List of Chemicals
Lists of Assays
Products/Use Categories
Similar Compounds
Related Substances

Batch Search

*within a 
chemical search
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Batch Search

58



Case Example

How are data available through the CompTox Chemicals 
Dashboard used in the Clean Water Act programs?

59Courtesy Diane Evans – Region 6



Clean Water Act Programs

EPA publishes human health criteria recommendations to protect from ingestion 
of aquatic organisms and for ingestion of water and the organisms.

These recommended criteria are calculated using toxicity factors, 
bioaccumulation factors, and exposure factors (body weight, water intake, fish 
consumption rate).

EPA often uses a cancer slope factor (carcinogens) or a reference dose 
(noncarcinogens) from the agency’s Integrated Risk Information System (IRIS) as 
the toxicity factor.

https://www.epa.gov/laws-regulations/summary-clean-water-act

60Courtesy Diane Evans – Region 6
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Finding information on the Dashboard
Single chemical search

https://comptox.epa.gov/dashboard/chemical/details/DTXSID8020250

A chemical may be identified by more than one 
name or identifier (e.g., CAS – assigned by the 
American Chemical Society)
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Environmental fate and transport data

Measured values: EPA’s ECOTOXicology Knowledgebase (ECOTOX) 
for studies on bioconcentration in plants and animals
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EPA often uses a cancer slope factor or a reference dose 
from the agency’s Integrated Risk Information System 
(IRIS) as the toxicity factor

Toxicity values

1

2

Three ways to find toxicity values
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Clean Water Act Programs

64

The Clean Water Act requires EPA to develop criteria for surface water quality that accurately reflect the latest scientific 
knowledge on the impacts of pollutants on human health and the environment.

https://www.epa.gov/wqc
Values are publicly available to be adopted by states and other authorities

https://www.epa.gov/wqc


Additional Hazard Exposure Limit Info

65

Water quality, air quality, and occupational exposure values

e.g., EPA Office of Water, Health Canada, State-specific information

EPA Office of Water Drinking Water 
Standards and Health Advisories (2018)

https://19january2021snapshot.epa.gov/site
s/static/files/2018-
03/documents/dwtable2018.pdf

Health Advisory Levels. An estimate of 
acceptable drinking water levels for a 
chemical substance based on health effects 
information; an HA is not a legally 
enforceable Federal standard, but serves as 
a technical guidance to assist Federal, State, 
and local officials.

https://www.epa.gov/ground-water-and-drinking-water

https://19january2021snapshot.epa.gov/sites/static/files/2018-03/documents/dwtable2018.pdf
https://www.epa.gov/ground-water-and-drinking-water


I can’t remember how to…
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https://s3.amazonaws.com/dmap-ccte-ccd/current/manual/index.html
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Comments
Please report bugs using “Submit Comments”

68



Acknowledgments

Efforts include many 
more than who are 
listed here

Many external 
collaborators provided 
data & links

Thanks to Diane Evans (Region 6), 
Katie Paul Friedman (ORD), Grace 
Patlewicz (ORD), and Antony 
Williams (ORD) for allowing me to 
adapt some of their material

EPA/ORD/Center for Computational Toxicology and Exposure 69

Sipes.Nisha@epa.gov

mailto:Sipes.Nisha@epa.gov


Relevant publications
Computational Toxicology
• Kavlock RJ, et al. Toxicol Sci. 2008;103(1):14-27.
• Kleinstreuer NC, Tetko IV, Tong W. Chem Res Toxicol. 2021;34(2):171-175.

CompTox Chemicals Dashboard
• Williams AJ, et al. The CompTox Chemistry Dashboard: a community data resource for environmental chemistry. J Cheminform. 

2017 Nov 28;9(1):61. 
• Lowe CN and Williams AJ. Enabling High-Throughput Searches for Multiple Chemical Data Using the U.S.-EPA CompTox Chemicals 

Dashboard. J. Chem. Inf. Model. 2021, 61, 2, 565–570. Publication Date: January 22, 202
• Williams AJ, et al. Sourcing data on chemical properties and hazard data from the US-EPA CompTox Chemicals Dashboard: A 

practical guide for human risk assessment. Environ Int. 2021 Sep;154:106566. 

Chemistry – related references
• Grulke CM, et al. EPA's DSSTox database: History of development of a curated chemistry resource supporting computational 

toxicology research. Comput Toxicol. 2019 Nov 1;12:10.1016/j.comtox.2019.100096.
• Helman G, Shah I, Williams AJ, Edwards J, Dunne J, Patlewicz G. Generalized Read-Across (GenRA): A workflow implemented into 

the EPA CompTox Chemicals Dashboard. ALTEX. 2019;36(3):462-465.

70



Relevant publications
Ecotoxicology
• Olker JH, et al The ECOTOXicology Knowledgebase: A Curated Database of Ecologically Relevant Toxicity Tests to Support 

Environmental Research and Risk Assessment. Environ Toxicol Chem. 2022 Mar 9. doi: 10.1002/etc.5324. Epub ahead of print. 
PMID: 35262228.

• LaLone CA, et al. Editor's Highlight: Sequence Alignment to Predict Across Species Susceptibility (SeqAPASS): A Web-Based Tool for 
Addressing the Challenges of Cross-Species Extrapolation of Chemical Toxicity. Toxicol Sci. 2016 Oct;153(2):228-45. 

In Vitro to In Vivo Extrapolation (IVIVE) 
• Wambaugh JF, et al. High throughput heuristics for prioritizing human exposure to environmental chemicals. Environmental 

science & technology. 2014;48(21):12760–7.
• Wambaugh, JF et al., 2015. Toxicokinetic Triage for Environmental Chemicals. Toxicol Sci., 147(1):55-67.
• Wetmore, BA, et al. 2015. Quantitative in vitro-in vivo extrapolation in a high-throughput environment. Toxicol. 332:94-101
• Pearce RG, Setzer RW, Strope CL, et al.  httk: R Package for High-Throughput Toxicokinetics. J Stat Softw. 2017;79(4):1-26
• Rotroff, DM et al., 2010. Incorporating Human Dosimetry and Exposure into High-Throughput In Vitro Toxicity Screening. Toxicol. 

Sci., 117 (2):348-358.
• Wilkinson RG, and Shand DG (1975). A physiological approach to hepatic drug clearance. Clin. Pharmacol. Ther. 18, 377–389.

EPA’s Toxics Release Inventory: https://awsedap.epa.gov/public/extensions/TRINA_dashboard_2020/TRINA_dashboard_2020.html

71

https://awsedap.epa.gov/public/extensions/TRINA_dashboard_2020/TRINA_dashboard_2020.html


Relevant publications
Exposure
• Dionisio KL, et al. Exploring consumer exposure pathways and patterns of use for chemicals in the environment. Toxicol Rep. 2015

Jan 2;2:228-237.
• Isaacs KK, et al. Characterization and prediction of chemical functions and weight fractions in consumer products. Toxicol Rep. 2016 

Sep 1;3:723-732.
• Phillips KA, et al. High-throughput screening of chemicals as functional substitutes using structure-based classification models. 

Green Chem. 2017;19(4):1063-1074. 
• Dionisio KL, et al. The Chemical and Products Database, a resource for exposure-relevant data on chemicals in consumer products.

Sci Data. 2018 Jul 10;5:180125.
• Isaacs KK, et al. Establishing a system of consumer product use categories to support rapid modeling of human exposure. J Expo Sci 

Environ Epidemiol. 2020 Jan;30(1):171-183. 
• EPA’s Toxics Release Inventory: https://awsedap.epa.gov/public/extensions/TRINA_dashboard_2020/TRINA_dashboard_2020.html
• Ring Cl et. al. Consensus Modeling of Median Chemical Intake for the U.S. Population Based on Predictions of Exposure Pathways. 

Environ Sci Technol. 2019 Jan 15;53(2):719-732.

72

https://awsedap.epa.gov/public/extensions/TRINA_dashboard_2020/TRINA_dashboard_2020.html

	CompTox Chemicals Dashboard
	Outline
	Computational Toxicology
	New Approach Methodologies (NAMs)
	New Approach Methodologies (NAMs)
	New Approach Methodologies (NAMs)
	New Approach Methodologies (NAMs)
	Vision of the CompTox Chemicals Dashboard
	Dashboard Data Contents
	https://comptox.epa.gov/dashboard/ 
	Clickable informational icon
	Slide Number 12
	Basic Search
	Basic Search – 3 ways
	Basic Search – by chemical: “bisphenol a”
	Details tab - Chemical Landing Page
	Executive Summary tab
	Executive Summary tab
	Executive Summary tab
	Executive Summary tab
	Functional Informational Features
	Properties tab: Experimental and Predicted Values
	New Data Table Functional Features
	Env.Fate/Transport tab
	What can these properties be used for?
	Other Chemistry-Related Data
	Generalized Read-Across (GenRA)
	Hazard tab
	Hazard tab
	Safety > GHS Data
	Bioactivity tabs (in vitro)
	Bioactivity tab: ToxCast Summary
	Bioactivity tab: ToxCast Summary
	Bioactivity tab: Conc. Response Data
	Bioactivity tab: Conc. Response Data
	Bioactivity tab: PubChem
	Bioactivity tab: ToxCast: Models 
	What can be done with the bioactivity data?
	ADME > IVIVE tab
	Exposure tabs
	Exposure tab: Product & Use Categories 
	Exposure tab: Chemical Weight Fraction
	Exposure tab: Functional Use
	Exposure tab: Toxics Release Inventory
	Exposure tab: Monitoring data
	Exposure tab: Exposure Predictions
	Exposure tab: Production Volume
	Literature tabs
	Literature tab: Google Scholar
	Literature tab: PubMed Abstract Sifter
	Literature tab: PubChem Articles
	Literature tab: PubChem Patents
	Literature tab: PPRTV
	Literature tab: IRIS
	External Links
	Are there other ways to search?
	Batch Searches
	Batch Search
	Case Example
	Clean Water Act Programs
	Finding information on the Dashboard
	Environmental fate and transport data
	Toxicity values
	Clean Water Act Programs
	Additional Hazard Exposure Limit Info
	I can’t remember how to…
	Slide Number 67
	Comments
	Acknowledgments
	Relevant publications
	Relevant publications
	Relevant publications



