
The views expressed in this presentation are 
those of the author and do not necessarily 
reflect the views or policies of the U.S. EPAhttps://orcid.org/0000-0001-9547-1654

Informatics Approaches for Developing and 
Organizing Chemical Descriptors

Kristin Isaacs
Center for Computational Toxicology and Exposure 

Office of Research and Development
U.S. Environmental Protection Agency

Applying Exposure New Approach 
Methodologies to Chemical Risk 

Evaluation

International Society of Exposure 
Science

September 21, 2020



2 of 61 Office of Research and Development

Chemical Descriptors

• How do we ‘parameterize’ exposure 
models for different pathways?

• In some cases may only know chemical 
structure.

• Critical information:
• How and how much chemical mass 

is applied, used, or released
• Physical chemical properties

• Chemical information should ideally be 
organized in a in a machine-readable 
format.

Consumer

Ambient
Ecological

OccupationalExposure 
Pathway 
Classes:
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• Delivers high-quality, structure-curated, 
open data to meet the various needs of 
the environmental sciences and 
computational toxicology communities

• Provides intrinsic property, toxicity, and 
exposure data for chemicals, in addition 
to tools supporting:

• Chemical similarity analyses
• Read-across of chemical toxicity
• Real-time property modeling
• Identification of chemicals in mass 

spectrometry
• Literature searching and identification 

of other information resources
• 10th Release (July 2020): 882,000 

chemicals

https://comptox.epa.gov/dashboard

The CompTox Chemicals Dashboard
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 Molecular substructures

 Predicted EPA physical-chemical property 
data: Open Structure-Activity Relationship 
App (“OPERA”)

 New descriptors containing information 
about chemical use 

Chemical Descriptors in the Dashboard

https://github.com/kmansouri/OPERA
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 Chemical information may be 
reported using a many different 
chemical identifiers

• Different names
• Regional spellings/ different languages
• Multiple standard identifiers, e.g. 

active or retired Chemical Abstract 
Registration Numbers (CASRN), 
Beilstein Registry Number

Bisphenol A

Chemical Property Descriptors in the Dashboard
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4,4'-(Propane-2,2-diyl)diphenol
Phenol, 4,4'-(1-methylethylidene)bis-
80-05-7
BPA
4,4’-Propane-2,2-diyldiphenol
Phenol, 4,4'-(1-methylethylidene)bis-
4-06-00-06717
(4,4'-Dihydroxydiphenyl)dimethylmethane
2,2-Bis(4'-hydroxyphenyl) propane
2,2'-Bis(4-hydroxyphenyl)propane
2,2-BIS-(4-HYDROXY-PHENYL)-PROPANE
2,2-Bis(4-hydroxyphenyl)propane
2,2-Bis(p-hydroxyphenyl)propane
2,2-Di(4-Hydroxyphenyl) Propane
2,2-DI(4-HYDROXYPHENYL)PROPANE
2,2-Di(4-phenylol)propane
4,4'-(1-Methylethylidene)bisphenol
4,4'-Bisphenol A
4,4'-DIHYDROXYPHENYL-2,2-PROPANE
4,4'-isopropilidendifenol
4,4'-Isopropylidendiphenol
4,4'-Isopropylidene bisphenol
4,4-ISOPROPYLIDENE DIPHENYL
4,4'-Isopropylidenebis[phenol]
4,4'-isopropylidenediphenol
4,4'-Methylethylidenebisphenol
Bis(4-hydroxyphenyl)dimethylmethane
Bis(p-hydroxyphenyl)propane

+100 more

Bisphenol A
 Chemical information may be 

reported using a many different 
chemical identifiers

• Different names
• Regional spellings/ different languages
• Multiple standard identifiers, e.g. 

active or retired Chemical Abstract 
Registration Numbers (CASRN), 
Beilstein Registry Number

How Do We Deal with Chemical Synonomy?
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 The Dashboard provides a 
unique DSSTox Substance 
Identifier (DTXSID) for each 
chemical 

 Also provides a preferred 
name and CASRN

 DTXSIDs are unique substance 
identifiers, where a substance 
can be any single chemical, 
mixture, polymer

 Linked to unique chemical 
structures (DTXCIDs)

 Can be obtained for lists of 
chemicals using the 
Dashboard’s Batch Search 
Utility (tutorial later)

DSSTox Substance Identifiers
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8168 Unique reported chemical name/CASRN pairs 

• 4955 could be identified 
as present in Dashboard

• 1681 substances with 
unique DTXSIDs

• Additional curation 
could catch more (e.g. 
parsing of names that 
include abbreviations in 
parentheses)

We recently curated chemical identifiers from 20 
public biomonitoring and environmental surveillance 
data sources

Example of Harmonizing Messy Chemical 
Identifier Data
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CPCat

CPCPdb

Ingredient
Lists

Functional
Use Data

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

Chemical Use Descriptors

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

CPCPdb

Ingredient
Lists

Functional
Use Data

Measured
Data

 Presence on other chemical lists
 Broad categorization of chemical use
 Functional use
 Therapeutic use
 Consumer product-based use
 Industrial process use

 Curated to a large number of relevant 
index terms

Chemical Use Descriptors

General use 
categories
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CPCat

CPCPdb

Ingredient
Lists

Functional
Use Data

Measured
Data

 MSDS-based composition information 
for consumer product formulations
 Includes range of reported weight 

fraction
 Provides quantitative input to 

consumer exposure models

Chemical Use Descriptors

General use 
categoriesReported 

chemicals in 
products
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 Chemical composition of 
consumer products from 
ingredient lists
 Reported ingredients
 Predicted weight fractions 

based on structured reporting 
rules

CPCat

CPCPdb

Ingredient
Lists

Functional
Use Data

Measured
Data

Chemical Use Descriptors

General use 
categoriesReported 

chemicals in 
products
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 Categorization by functional 
use
 Reported functional use
 Harmonized functional use
 Predicted functional uses 

based on structure

CPCat

CPCPdb

Ingredient
Lists

Functional
Use Data

Measured
Data

Chemical Use Descriptors

General use 
categoriesReported 

chemicals in 
products

Chemical 
role in 
products
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 Targeted and non-targeted 
measurement of chemicals 
in consumer products
 Measured weight fractions
 Confirmed presence
 Tentative identification

CPCat

CPCPdb

Ingredient
Lists

Functional
Use Data

Measured
Data

Chemical Use Descriptors

General use 
categoriesReported 

chemicals in 
products

Chemical 
role in 
products Identification in 

product samples
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 Broad categorization of chemical use
 Comprehensive hierarchical categorization 

of chemical usage by consumer product 
type

 Functional use of chemicals
 Quantitative chemical composition for 

consumer products

CPCat

CPCPdb

Ingredient
Lists

Functional
Use Data

Measured
Data

Chemical Use Descriptors
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• We are using informatics 
approaches to obtain and curate 
additional chemical descriptor 
information 

• Data from chemical use, 
monitoring, and release domains

• Public data sources: reports, 
open literature, databases

• Utilizing standard curation/QA 
procedures and tools

Raw Public
Documents

Curated 
Database

“Factotum” Curation 
Application

Document Loading, Data 
Extraction, Chemical and 

Product Curation

CPDat

Delivery

https://comptox.epa.gov/dashboard

Curation of Chemical Use Descriptors
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Group Type Documents Raw Chemical 
Records

Curated Chemical Records

Consumer Product 
Composition

473,271 3,738,350 1,791,250

Functional use 33,770 34,680 11,946
CPCat Categories 2,088 117,231 68,133

Occupational exposure 1,304 4,825 1078
Literature monitoring 1,175 966 In process
Habits and practices 202 NA NA

Number of 
Documents in 
Factotum 2017-
2020

Chemical Descriptor NAMs
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 Allows for linking to consumer 
product exposure models

Maps to habits and practices 
data 

Maps to exposure algorithms –
if chemical and product are 
known, models can be rapidly 
and parameterized

Isaacs et al., 2019

Product categories in Factotum/CPDat
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Curation of Products to Consumer Product Categories

One-Vs-Rest Support 
Vector Machine 

ClassifiersCPDat Training set (15000+ 
product names linked to 
manually-assigned categories)

New Product Data 
Documents (Safety Data 
Sheets (SDS, Ingredient 

lists, ingredient disclosures)

Automated assignment to Product 
Use Categories (PUCs, Isaacs et al. 
2020)

• Machine learning classifiers were built using 
the existing manually curated CPDat data as 
a training set

• Allowed for automated curation of new 
documents to Product Use Categories (PUCs)
developed specifically for consumer 
exposure modeling. 



20 of 61 Office of Research and Development

Obtaining Descriptors Using the Dashboard
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Obtaining Descriptors Using the Dashboard
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Obtaining Descriptors Using the Dashboard
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Obtaining Descriptors Using the Dashboard
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Obtaining Descriptors Using the Dashboard



25 of 61 Office of Research and Development

Obtaining Descriptors Using the Dashboard
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Obtaining Descriptors Using the Dashboard
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Obtaining Descriptors Using the Dashboard
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Obtaining Descriptors with Batch Search
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Obtaining Descriptors with Batch Search
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Obtaining Descriptors with Batch Search



31 of 61 Office of Research and Development

Obtaining Descriptors with Batch Search
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Opens large panel of 
available chemical data for 
selection

Obtaining Descriptors with Batch Search
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Opens large panel of 
available chemical data for 
selection

Obtaining Descriptors with Batch Search
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Opens large panel of 
available chemical data for 
selection

Obtaining Descriptors with Batch Search
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Metadata

Opens large panel of 
available chemical data for 
selection

Obtaining Descriptors with Batch Search
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Metadata

Enhanced Data Sheets

Opens large panel of 
available chemical data for 
selection

Obtaining Descriptors with Batch Search
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Metadata

Enhanced Data Sheets

Download Data to Excel, 
CSV, TSV files

Obtaining Descriptors with Batch Search
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Downloaded File Contains 
Original Identifier, DTXSID, 
and selected datasets

Obtaining Descriptors with Batch Search
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