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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



Solution 

• 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



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” 



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

• We map chemicals together 
using cheminformatics 
approaches 

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



Atrazine Linked Substances



Experimental and 
Predicted Data



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
• TEST: Toxicity Estimation Software Tool
• OPERA: OPEn structure–activity/ 

property Relationship App
• Other commercial algorithms



QSAR modeling

• What do you trust more? Experimental or predicted data?
• Do you trust individual models or consensus models
• What if there are no experimental data, how good are predictions?



Data Curation Pipelines plus 
Manual Curation Processes 



Property and Fate and Transport Data
~25 MILLION pre-predicted values

• We have built QSPR models based on tens of thousands of 
property data points curated over the past decade 

• We push our “QSAR-Ready” chemical structures through 
predictions to produce property predictions



Access to Predictions 



OPERA Reports 



Similar reports for TEST predictions



Real-Time Predictions
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Toxicity and Properties



Real-Time Predictions
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Toxicity Data
(in vitro and in vivo)



Chemical Hazard Data

ToxVal Database

• >50k chemicals

• >770k tox. values

• >30 sources of data

• ~5k journals cited

• ~70k citations



ToxCast and Tox21 bioactivity data for hazard 
screening and prediction.
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• ToxCast: more assays, fewer chemicals, EPA-driven
• Tox21: fewer assays, mostly 1536, driven by consortium
• All Tox21 data are analyzed by multiple partners
• Tox21 data is available analyzed in the ToxCast Data 

Pipeline and other pipelines as well

EPA’s ToxCast program at a glance

Tox21 robot



ToxCast 



ToxCast Chemicals and Assays



ToxCast Assays



Lets 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



Safety Data



Generalized 
Read-Across



Definitions: Read-Across

• Known information on the property of a substance 
(source) is used to make a prediction of the same 
property for another substance (target) that is 
considered “similar”
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Source chemical Target chemical

Property  





Reliable data
Missing data

Predicted to be harmfulKnown to be harmful

Acute fish toxicity?



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



Identifiers and 
Nomenclature



Identifiers Support Searches in other 
systems



Challenges with Nomenclature

• Be CAREFUL with names! There is a LOT of confusion in the 
public domain. CHOOSE sources wisely!

• There are MANY public databases but not many are curated
• All public databases have value but not many curate data

• Example: METHANE on PubChem 
https://pubchem.ncbi.nlm.nih.gov/compound/297

https://pubchem.ncbi.nlm.nih.gov/compound/297


CAS Registry Numbers on PubChem



CASRN lookup on the dashboard



Methane is Diamond and Nanotubes?

• These are all Depositor Names for Methane 



A little more about our data quality

• Five full time curators register and curate data to elevate quality



Underneath the Dashboard

47



DSSTox_v2

P
ub

lic
C

ur
at

ed

5. Low

2. Low

6. Untrusted

1. High

3. High

4. Med

7. Incomplete

validated                   

Public_Untrusted

Public_Low

Public_Medium

Public_High

DSSTox_Low

DSSTox_High 7269

16K
33K

101K
590K

~ 310K pending
~ 150K pending

~ 150K  substances in 
top 4 QC quality bins

Distribution of curated data
Now at >1.2 MILLION  substances



A little more about our data quality



Products Searching

What chemicals are in hair care products?



Sources of Exposure to Chemicals



Toxicity Reports and 
Literature Searching



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



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?



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 



Chemical Lists and 
Categories



>300 Chemical Lists (and growing)
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PFAS lists of Chemicals 

62



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 in the download file? OPERA? 

TEST?
• Are “these chemicals” screened in Toxcast?
• I’m a mass spectrometrist and need masses and formulae for a list of 

chemicals



Batch Search CASRNs
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Summary and Conclusion

• CompTox Chemicals Dashboard - a 
central hub for environmental data

• ~900k chemical substances 
• Integrating property data, hazard data, 

exposure data, in vitro bioactivity data
• Interrogation of bioactivity data -
• Multiple types of searches 

• Batch search for thousands of chemicals
• Real-time property and toxicity predictions
• Downloadable files – CSV, TSV and Excel 



Recommended Reading 



Recommended Reading
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You want to know more…

• Lots of resources available
• Presentations: https://tinyurl.com/w5hqs55
• Communities of Practice Videos: https://rb.gy/qsbno1
• Manual: https://rb.gy/4fgydc
• Latest News: https://comptox.epa.gov/dashboard/news_info
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https://tinyurl.com/w5hqs55
https://rb.gy/qsbno1
https://rb.gy/4fgydc
https://comptox.epa.gov/dashboard/news_info


Acknowledgments
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