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Recommended Reading 



Problem: Too Many Chemicals and Too Few Resources

• Fast characterization of human and ecological risk posed by  
existing and emerging chemicals is a critical challenge

• Chemistry never stops. But there is sparse and distributed data…
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Data for  
Environmental Chemicals

CAS REGISTRY® contains more than 
171 million unique organic and 
inorganic chemical substances, 
such as alloys, coordination 
compounds, minerals, mixtures, 
polymers and salts, and more than 
68 million protein and DNA 
sequences



The Charge for the Dashboard 

• Develop a “first-stop-shop” 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



Cheminformatics and the 
Dashboard

• Cheminformatics is the application of computer science and 
informatics-based approaches to:

• Represent chemical structures, substances and reactions
• Store chemistry-related data
• Search for chemistry related data
• Model data sets to provide predictive capabilities
• Visualize and analyse chemistry related data

• The US-EPA uses cheminformatics (and bioinformatics) to 
manipulate, integrate, store, model and deliver access to our data. 
The CompTox Chemicals Dashboard is built on a solid 
cheminformatics foundation



Types of Chemical Identifiers

• Structural Identifiers
• The visual depiction
• Multiple electronic formats
• InChI (Key): FMMWHPNWAFZXNH-

UHFFFAOYSA-N

• Common Name: Benzo(a)pyrene
• Systematic Name: Benzo[pqr]tetraphene
• CAS Registry Number(s) : 50-32-8
• Lots of other “common names and trade 

names”



Information Associated with a Chemical Structure?

INTRINSIC PROPERTIES
• Formula : C20H12
• Molecular weight: 252.316 g/mol
• Monoisotopic Mass: 252.093900 g/mol

MEASURED PROPERTIES
• LogKow 6.13
• Melting Pt177°C
• Boiling Pt 485°C
• ….and many more



How to Store a Chemical Structure

• Multiple approaches:
• Names and identifiers
• 2D or 3D structure “molfile”

• SMILES:
• c1cc2c3ccc4cccc5ccc(cc2cc1)c3c45
• C1=CC2=CC3=CC=C4C=CC=C5C=CC(=C2C=C1)C3=C45
• and many other variants….

• InChI=1S/C20H12/c1-2-7-17-15(4-1)12-16-9-8-13-5-3-
6-14-10-11-18(17)20(16)19(13)14/h1-12H

• InChIKey: FMMWHPNWAFZXNH-UHFFFAOYSA-N



If We Database Chemical Structures…

• …then we can search the dataset by inherent structural properties
• Formula
• Mass
• Substructure
• Structural similarity

• …we can integrate other info into the database for retrieval
• …available data, both experimental and predicted, is a click away
• …data can be downloaded, distributed and shared 
• …linking out to other resources enabled by adopting specific standards
• …structure collections, with associated data, are available for modeling  



CompTox Chemicals Dashboard

883k Chemical Substances



BASIC Search

• Type ahead search using Names, 
synonyms and CASRNs  

• Millions of identifiers 
• Substring search 



Search for classes of chemicals 

• Examples: “perfluoro” 



Search for classes of chemicals 

Examples:
• PCBs (or polychlorinated biphenyls)

• Polycyclic aromatic hydrocarbons



Detailed Chemical Pages
One more identifier – the DTXSID

• Chemical page: Wikipedia snippet when available, intrinsic 
properties, structural identifiers, linked substances



Detailed Chemical Pages
Easy Navigation

• Chemical page: Wikipedia snippet when available, intrinsic 
properties, structural identifiers, linked substances



From the Chemical Details Page…
all chemicals with same FORMULA



How many chemicals are associated 
through LINKED SUBSTANCES?

• Atrazine, is a herbicide – in MANY commercial products
• The dashboard has salt forms, isotopically labelled forms, 

multicomponent forms
• How do we identify what they are??? 



Linked Substances – more interesting

• We map chemicals together 
using cheminformatics 
approaches 

• Use desalting, destereo, 
split multicomponents etc to 
map chemicals together



Atrazine Linked Substances



Record Information Quality Flags
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Underneath the Dashboard
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A little more about our data quality



If you find an error, or want to comment…
Select text and “Submit Comment”



“Executive Summary”

• Overview of toxicity-related info
• Quantitative values
• Info re. toxicology subsets
• Physchem. and Fate & Transport
• Adverse Outcome Pathway links
• In vitro bioactivity summary plot



Experimental and Predicted Data

• Physchem and Fate & Transport 
experimental and predicted data

• Data can be downloaded as Excel, TSV 
and CSV files

• Predictions: multiple algorithms
• EPI Suite: Estimation Program Interface
• ACD/Labs (commercial)
• TEST: Toxicity Estimation Software Tool
• OPERA: OPEn structure–activity/ 

property Relationship App



Different QS(X)R predictions 

• There are many different “QSAR-related” predictions available

• QSPR: quantitative structure–property relationships

• QSAR: quantitative structure–activity relationships

• QSUR: quantitative structure-use relationships

•TODD MARTIN will cover this later 



Safety Data



Chemical Hazard Data

ToxVal Database

• >50k chemicals

• >770k tox. values

• >30 sources of data

• ~5k journals cited

• ~70k citations



Let’s talk about Export Formats

• Anywhere you see a table you can export
• CSV is great for integration with other applications (plus read into Excel)
• Excel file is generally the best for “viewing” as it can have multiple 

worksheets, color flagging of cells and offers all 

• If you have cheminformatics tools SDF files are the best – view 
structures directly as concatenated “molfiles”



Exposure Data on the Dashboard

•Katherine Phillips will cover 
this later



ToxCast 



ToxCast/To21 HTS data
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Estimate >10 million 
chemical-assay data points!!!



ToxCast Chemicals and Assays



ToxCast covers a lot of biology but not all 
ToxCast is growing over time.

Invitrodb version 3.3 (released August 2020) contained 17 different assay sources, covering (at 
least) 491 unique gene-related targets with 1600 unique assay endpoints. 
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Assay source Long name Truncated assay source description Some rough notes on the biology 
covered

ACEA ACEA Biosciences real-time, label-free, cell growth assay system based on a microelectronic impedance readout Endocrine (ER-induced proliferation)

APR Apredica CellCiphr High Content Imaging system Hepatic cells (HepG2)

ATG Attagene multiplexed pathway profiling platform Nuclear receptor and stress response 
profile

BSK Bioseek BioMAP system providing uniquely informative biological activity profiles in complex human primary co-culture systems Immune/inflammation responses

NVS Novascreen large diverse suite of cell-free binding and biochemical assays.
Receptor binding; transporter protein 
binding; ion channels; enzyme inhibition; 
many targets

OT Odyssey Thera novel protein:protein interaction assays using protein-fragment complementation technology Endocrine (ER and AR)

TOX21 Tox21/NCGC Tox21 is an interagency agreement between the NIH, NTP, FDA and EPA. NIH Chemical Genomics Center (NCGC) is the primary screening facility 
running ultra high-throughput screening assays across a large interagency-developed chemical library Many – with many nuclear receptors

CEETOX Ceetox/OpAns HT-H295R assay Endocrine (steroidogenesis)

CLD CellzDirect Formerly CellzDirect, this Contract Research Organization (CRO) is now part of the Invitrogen brand of Thermo Fisher providing cell-based in 
vitro assay screening services using primary hepatocytes.

Liver (Phase I/Phase II/ Phase III 
expression)

NHEERL_PADILLA NHEERL Padilla Lab The Padilla laboratory at the EPA National Health and Environmental Effects Research Laboratory focuses on the development and screening of 
zebrafish assays. Zebrafish terata

NCCT NCCT Simmons Lab The Simmons Lab at the EPA National Center for Computational Toxicology focuses on developing and implementing in vitro methods to identify 
potential environmental toxicants. 

Endocrine (thyroid - thyroperoxidase
inhibition)

TANGUAY Tanguay Lab The Tanguay Lab, based at the Oregon State University Sinnhuber Aquatic Research Laboratory, uses zebrafish as a systems toxicology model. Zebrafish terata/phenotypes

NHEERL_NIS NHEERL Stoker & 
Laws

The Stoker and Laws laboratories at the EPA National Health and Environmental Effects Research Laboratory work on the development and 
implementation of high-throughput assays, particularly related to the sodium-iodide cotransporter (NIS). Endocrine (thyroid - NIS inhibition)

UPITT University of 
Pittsburgh

The Johnston Lab at the University of Pittsburgh ran androgen receptor nuclear translocation assays under a Material Transfer Agreement (MTA) 
for the ToxCast Phase 1, Phase 2, and E1K chemicals. Endocrine (AR related)



The Tox21 Screening Library



Let’s look at the data 



Rich data tables – full transparency



Bioactivity Data (ToxCast/Tox21)
Data below for Bisphenol A
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#Actives for a chemical



Cytotoxicity Threshold
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This is the cytotoxicity threshold or 
“burst” based on the method 
described in Judson et al. 2016. It is 
the lower bound on the estimate of 
a cytotoxicity threshold. 



What to make of the data

• Bisphenol A clearly has some in vitro nuclear receptor activity at 
concentrations that may be below or near cytotoxicity. 

• It has moderate ToxCast ER agonist and AR antagonist scores.

• The cytotoxicity threshold or “burst” seems to support selectivity of some 
nuclear receptor responses.

• Diving a little deeper into the intended target family supports this analysis.



Let’s look at the assay table 
ACEA_ER



High-Level Visualizations of Data 



Filtering by vendor….or Gene Symbol



Use Models Derived from the Data



For Endocrine (AR and ER) better 
to use summary models 

Positive ToxCast ER pathway agonist 
and ToxCast AR antagonist scores. 

CERAPP = consensus ER QSAR (from 17 groups)
COMPARA = consensus AR QSAR
ToxCast Pathway Model AUC ER = full ER model (18 assays)
ToxCast Pathway Model AUC AR = full AR model (11 assays)



Where do we look for assay details?

• How do we search the 100s of genes mapped against assays 
• Home page: Assay/Gene Search 



Generalized 
Read-Across



GenRA (Generalised Read-Across)
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GenRA (Generalised Read-Across)

Structure Similarity

Select and Review Analogs



GenRA (Generalised Read-Across)

Review Available Data Fingerprint indicating available dataSelect and Review Analogs



GenRA (Generalised Read-Across)
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Run GenRA
Target

Source analogues

Red : Toxicity effects. 
Blue: No Toxicity effects
Grey : Absence of data



Related Publications 
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What’s the best way to search the 
internet for chemical data?

• We know how complex chemicals identifiers are…
• CASRN(s)
• Hundreds of names (maybe)
• SMILES
• InChIs
• EINECS, EC numbers

• What can WE do to help you navigate the internet?



Identifiers Support Searches in other 
systems



Identifiers are used in the app

• Identifiers are used to feed and link into “Literature”



Literature Searching 

• Real-time retrieval of data from PubMed ~30 
million abstracts and growing)

• Choose from set of pre-defined queries
• Adjust and fine tune queries based on interests



Literature Searching 

• “Sifting” of results using 
multiple terms 

• Frequency counting terms
• Color highlighting of terms
• Download list to Excel
• Send list to PubMed for 

downloading ref. file
• Direct link via PubMed ID



External Links – Also use Identifiers
Names, CASRN, PubChem IDs, InChIs… 
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External Links

• Links to ~90 websites providing access to 
additional data on the chemical of interest 



Similarity Searching



Related Substances 



Chemical Lists and 
Categories



Example: AEGLs list
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PFAS lists of Chemicals 

66



Curated List of Pesticides 

• Find list of interest

• Select list and 
send to batch



Batch Searching



Batch Searching

• Singleton searches are great but… 
• …we generally want data on LOTS of chemicals!

• Typical questions
• What are the structures for a set of chemical names? Set of CASRNs?
• Can I get chemical lists in Excel files? As a list of SMILES strings? 

Can I get an SDF file?
• Can I include predicted properties? OPERA? TEST?
• Are “these chemicals” screened in Toxcast?
• I need masses and formulae for a list of chemicals



Access data en masse for thousands of chemicals….



Select Output Format and Content



Batch Search CASRNs
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Send to batch and select….

• A few seconds to assemble
• ToxCast data - #actives/#assays and % active
• # articles in PubMed
• Links to IRIS or PPRTV reports
• TEST or OPERA predictions
• Exposure data: predictions and CPDat
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