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Government, the Department of Defense  the United States 

Air Force or the United States Space Force.

Unless otherwise noted, imagery in this document are 
property of the U.S. Air Force.
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Operational Chemical Risk Assessment
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Modernized Tiered Risk Assessment

Tier 0: Ultra-high throughput NAMs
- QSAR-ML models and read-across Prioritization/compound selection

Hazard ID

Tier 1: High throughput NAMs
- HT In vitro screening (ToxCast/Tox21)

Tier 2: Fit for purpose NAMs
- Organotypic in vitro models

Tier 3: Targeted in vivo testing
- Targeted in vivo testing

Risk-based safety decisions
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Predictive Risk Products
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Chemical Exposure Risk Assessment (CERA) Database
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QSAR-ML Models for Acute Toxicity & Risk Mitigation

- Oxidative stress

Structural Alerts   + Message Passing Neural 
Network Model (MPNN) 

DrugBank repository

At distance 0.3, 76% ACC = 0.90, SEN = 0.91 and SPE = 0.90, 
for 76% of chemicals

Chushak and Clewell 2024
https://doi.org/10.1016/j.ailsci.2024.100097

Models in development for:
 Lung 
Kidney
Neurotoxicity
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Multi-tasking ML Models for Data Poor Endpoints
(with JHU APL)
Available data

ST vs. MT – low density data

Main Goal: Generalizable prediction models
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ML Models to Identify Minimum Tests for Novel Chemicals
(with RTI International)

Main Goal: Strategy to maximize efficiency of testing for chemical risk

https://doi.org/10.1016/j.commatsci.2019.02.040

https://doi.org/10.3389/ftox.2022.894569 Edwards et al., 2022, PMID: 35295211



Distribution Statement A.  Approved for public release. Distribution is unlimited. AFRL 2024-1625, 23 APR 2024 10

Case Study - Tiered Screening for Rapid Assessment of Novel Chemicals
(With JHU APL)

Main Goal: Validate utility of tiered assessment developed by the PRCB

Tier 0: Ultra-high throughput NAMs
- QSAR-ML models and read-across

Tier 1: High throughput NAMs
- HT In vitro screening (ToxCast/Tox21)

Tier 2: Fit for purpose NAMs
- Organotypic in vitro models
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Rapid Dosimetry Models for In Vitro Tests
(Collaboration with USEPA)

Main Goal: Enable rapid estimate of exposure limits for chemicals 
with in vitro data – in population of interest
- AF population
- Space flight

https://www.deviantart.com/greyback-
squirell/art/how-bout-deep-158236397

https://www.iecfrance.com/
en/in-vitro-testing/
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Forecasting Emerging Threats – AI- NLP Search and Analysis
(With JHU APL)

Main Goal: Proactively identify threats to Force health before they are widely incorporated into military materiel and processes

1) Identify classes of chemicals useful to AF 2) Build ontologies 3) Citation burst indicates increased 
use/interest

4) Evaluate emerging chemicals in 
predictive risk models
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Predictive Chemistry for Thermal Degradation
(With JHU APL)

Main Goal: Predict toxic byproducts released by burning material at various 
temperatures and climates 
–identify likely byproducts and evaluating risk to human health using predictive 
risk models
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Predictive Risk Team
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• Andrew Keebaugh • Luke Skala • Barry Marcel (DCPH-D) • Elaine Merrill
• Tyler LaLonde • Noah Wichrowski • Stephen Comaty (DCPH-A) • Darrin Ott
• Teri Sterner

• Karun Rao • Matt McAtee (DCPH-A) • Megan Steele
• Lisa Sweeney

• Mary Versa Clemens-Sewall • John Reichard (NASA)
• Nam Le • John Wambaugh (USEPA)
• Phillip Koshute • Caroline Ring (USEPA)
• Jordan L. Wesley

AFRL/RHBAF Collaborators and AdvisorsJHU APL
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Chemical Risk Assessment – past, present, and future

Pre-1970

http://resource.nlm.nih.gov/101447556

1901 – FDA “poison squad”
1906 – Pure Food and Drug Act -> FDA
1970 – Formation of EPA

1970-2000s

https://commons.wikimedia.org/wiki/File:Rat_togopic.png

https://www.deviantart.com/greyback-squirell/art/how-bout-deep-158236397

2000s & going forward

https://www.iecfrance.com/en/in-vitro-testing/

https://www.deviantart.com/greyback-squirell/art/how-bout-deep-158236397
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Rapid Risk Assessment Workflow
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CERA (desktop): Searchable database + automated risk estimate paradigm
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CERA (desktop):  Searchable database + automated risk estimate paradigm
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Estimating exposure limits 
from in vitro data
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ML models for target acute toxicity
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Exposure Limit Prediction

(submitted)
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