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US-EPA Office of Research and Development

• Center for Computational Toxicology and Exposure (CCTE)

• Some of our primary efforts in AI are in modeling (QSAR/QSPR 
QSUR) based on measurement, harvesting, assembly and 
curation of streams of data

• We develop and deliver to the community 
– curated chemistry data streams to support our applications and models
– prediction models, web-based applications and data streams to support others
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AI is not new, but it is modernizing...

• We have benefited from AI modeling approaches for decades

• Approaches continue to advance with the promise of improved 
performance

• Many challenges remain the same – quality of data, data 
overfitting, and interpretability of the models

• The latest form of modernization is “Large Language Models”
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Data, Model and Tool Development

• There are many tools developed by our cheminformatics team 
and across other centers in EPA. I will represent ours only…

• We have production level public-facing tools, proof-of-concept 
public-facing tools, and many tools in development…

• We focus on FAIR data releasing it to the community and 
making it available on Public APIs 
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Example Problems We Apply Models to

• Property prediction – e.g., water solubility, vapor pressure

• Fate and Transport – e.g., bioaccumulation, bioconcentration

• Bioactivity – e.g., endocrine disruption, steroidogenesis

• Analytical Chemistry – e.g., what techniques are chemicals 
amenable to - GC/MS? LC/MS? +ve/-ve ion?
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OECD Principles for Modeling
https://www.oecd.org/chemicalsafety/risk-assessment/37849783.pdf

• To facilitate the consideration of a (Q)SAR model for 
regulatory purposes, it should be associated with the 
following information: 
1) a defined endpoint
2) an unambiguous algorithm 
3) a defined domain of applicability 
4) appropriate measures of goodness-of–fit, robustness and predictivity 
5) a mechanistic interpretation, if possible

• These principles have been around a long time…

5                                                                          



Our approaches to building models

• Exemplified through our recent water solubility work
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Data assembly and curation 

• ~10,200 unique chemical 
structures with experimental data

• Great care is needed in data 
assembly for modeling

• For water solubility large 
collections based on standard 
methods provide threshold 
measurements >X, <Y

• The same data is shared 
between public platforms

7                                                                          



Lots of descriptors to choose from

• Many Descriptors to choose: commercial and open source
• We use Padel, Mordred and TEST descriptors (open)
• Example: http://www.yapcwsoft.com/dd/padeldescriptor/ 
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http://www.yapcwsoft.com/dd/padeldescriptor/


Feature Selection and Variables can help 
mechanistic understanding

9                                                                          Todd Martin, SERMACS, 2023

Without Feature Selection – 427 variables With Feature Selection – 19 variables

R2 =0.822 R2 =0.816



Descriptors 
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Descriptor Definition
XLOGP Wang octanol water partition coefficient
XLOGP2 Wang octanol water partition coefficient squared
BEHm3 Highest eigenvalue n. 3 of Burden matrix / weighted by atomic masses 
eim Mean information content on the edge magnitude
Qs Molecular and group polarity index
BEHm4 Highest eigenvalue n. 4 of Burden matrix / weighted by atomic masses 
BEHm2 Highest eigenvalue n. 2 of Burden matrix / weighted by atomic masses 
BEHm7 Highest eigenvalue n. 7 of Burden matrix / weighted by atomic masses 
BEHm6 Highest eigenvalue n. 6 of Burden matrix / weighted by atomic masses 
MATS1v Moran autocorrelation - lag 1 / weighted by atomic van der Waals volumes
MATS1p Moran autocorrelation - lag 1 / weighted by atomic polarizabilities
ATS4m Broto-Moreau autocorrelation of a topological structure - lag 4 / weighted by atomic masses
BEHm5 Highest eigenvalue n. 5 of Burden matrix / weighted by atomic masses 
Hmax Maximum hydrogen E-State value in molecule.
piID Conventional bond order id number
ieadjem Mean information content on the edge adjacency equality 
Mv Mean atomic van der Waals volume (scaled on Carbon atom)
SHHBd Sum of E-State indices for hydrogen bond donors
ide Total information content on the distance equality 



Delivering Modeled Data and Models via 
Free-Access Cheminformatics Tools 

• Many of our tools are publicly available 
– CompTox Chemicals Dashboard (https://comptox.epa.gov/dashboard) 

• Predicted properties (ACD/Labs, OPERA, TEST)
• Bioactivity models: Estrogen receptor, Androgen receptor

– Proof-of-Concept cheminformatics modules 
(https://www.epa.gov/chemical-research/cheminformatics) 
• Hazard Profiling of chemicals 
• Single and batch prediction of physprop and toxicity endpoints

• Chemical curation is into the DSSTox database
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https://comptox.epa.gov/dashboard
https://www.epa.gov/chemical-research/cheminformatics


Assembling data is easy. Curation is hard
https://pubs.acs.org/doi/10.1021/acs.jcim.2c00268 

• It is very easy to harvest and download massive amounts 
of data. FAIRness has expanded access…

• Open API and downloadable dataset – contributing 
CASRNs, Names and Structures to Open Chemistry
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Stoichiometry is important

• SIMPLE example…1 to 3 stoichiometry

• 1000s of structures with bad stoichiometry into the wild
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Data Quality issues proliferate
Taxol skeletons (105 CS/202 PubChem)
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Accessing DSSTox chemistry: CompTox Chemicals Dashboard

• A publicly accessible website delivering:
– 1.2M chemicals with related property data
– Related substances: transformation products, mono/polymer
– Experimental/predicted physicochemical property data
– Experimental Human and Ecological hazard data
– Integration to “biological assay data” (ToxCast/Tox21)
– Information regarding chemicals in consumer products
– Links to other agency websites and public data resources
– “Batch searching” for tens to thousands of chemicals 
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Curating Chemistry into the DSSTox Database
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CompTox Chemicals Dashboard
https://comptox.epa.gov/dashboard
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1 of ~1.2M Chemical Pages
Experimental/Predicted Properties
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QSAR Modeled Data are available

• We build models then apply then to our curated datasets 
for release, PLUS deliver the models for realtime use

• Data can be harvested one chemical at a time or 1000s 
using the batch search 
(https://pubs.acs.org/doi/10.1021/acs.jcim.0c01273) 
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https://pubs.acs.org/doi/10.1021/acs.jcim.0c01273


Modeled values are not enough!
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Where is all the calculation detail? Are 
predictions in applicability domain etc?

• For OPERA and TEST models we have all the details
– OPERA https://jcheminf.biomedcentral.com/articles/10.1186/s13321-018-0263-1

– TEST https://www.epa.gov/comptox-tools/toxicity-estimation-software-tool-test 
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https://jcheminf.biomedcentral.com/articles/10.1186/s13321-018-0263-1
https://www.epa.gov/comptox-tools/toxicity-estimation-software-tool-test


OPERA Model Details 
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OPERA Model Details
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OPERA Model Details
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Why this detail is required

• Predicted Fish Biotrans. Half-Life (Km) of PFOS is 2.7 days
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Why this detail is required
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QMRF details
https://comptox.epa.gov/dashboard-api/ccdapp1/qmrfdata/file/by-modelid/28 
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Why this detail is required
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TEST Prediction Reports 
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Access to Real Time Predictions 
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Multiple modeling approaches plus Consensus
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Coming Soon: 
Excel report for models for each data set

• Cover sheet with model metadata

• Training and test set statistics
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• Training and test set statistics
• Prediction results for each method



Where do we use predictions like this?

• Models are used in many places in our computational 
toxicology research 

• They are used in the analytical labs to help guide non-
targeted analysis

33                                                                          



Where do we use predictions like this?

• Models are used in many places in our computational 
toxicology research 

• They are used in the analytical labs to help guide non-
targeted analysis

• By stakeholders for Hazard
   profiling of chemicals 
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Where do we use predictions like this?

• Models are used in many places in our computational 
toxicology research 

• They are used in the analytical labs to help guide non-
targeted analysis

• By stakeholders for Hazard
   profiling of chemicals
• Predictions for breakdown
   products in the environment 
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Where can our tools be applied 

• Emergency Response utility is obvious…
• Consider East Palestine
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https://www.cleveland19.com/2023/
02/14/ntsb-announces-preliminary-
malfunction-that-caused-east-
palestine-train-derailment/ 

POLYPROPYLENE
POLYETHYLENE
Residue lube oil
VINYL CHLORIDE 
DIPROPYLENE GLYCOL
PROPYLENE GLYCOL
DIETHYLENE GLYCOL
COMBUSTIBLE LIQ., NOS (ETHYLENE GLYCOL MONOBUTYL ETHER)
SEMOLINA
COMBUSTIBLE LIQ., NOS (ETHYLHEXYL ACRYLATE)
POLYVINYL
PETROLEUM LUBEOIL
POLYPROPYL GLYCOL
ISOBUTYLENE
BUTYL ACRYLATES, STABILIZED
PETRO OIL, NEC
ADDITIVES, FUEL
BALLS,CTN,M EDCL
SHEET STEEL
VEGTABLE, FROZEN
BENZENE
PARAFFIN WAX
FLAKES, POWDER
HYDRAULIC CEMENT
AUTOS PASSENGER
MALT LIQUORS

https://www.cleveland19.com/2023/02/14/ntsb-announces-preliminary-malfunction-that-caused-east-palestine-train-derailment/
https://www.cleveland19.com/2023/02/14/ntsb-announces-preliminary-malfunction-that-caused-east-palestine-train-derailment/
https://www.cleveland19.com/2023/02/14/ntsb-announces-preliminary-malfunction-that-caused-east-palestine-train-derailment/
https://www.cleveland19.com/2023/02/14/ntsb-announces-preliminary-malfunction-that-caused-east-palestine-train-derailment/


Hazard Comparison Profiling
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Hazard Comparison Profiling



Data to Excel in <60s
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Perfect Example of FAIR Data and APIs

• We owe a lot to FAIR data and availability of information

• We curate a lot of our chemistry data using public resources 
such as PubChem, ChEBI, Common Chemistry and others

• The availability of Public APIs takes things to another level!

• We have been using the PubChem API to harvest data so 
we can build new applications, like the Safety Module
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Cheminformatics Safety Module
Integrate multiple data streams…
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The CompTox API is now public
https://api-ccte.epa.gov/docs/index.html 
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Conclusions

• Modeling is essential to our research efforts – we have models 
covering dozens of endpoints and continuing to expand

• Careful data assembly and curation is required

• OECD Modeling principles are guiding our future modeling

• CompTox Chemicals Dashboard provides public access to our 
various curated data streams, pre-predicted data and realtime 
prediction
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