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Operational Chemical Risk Assessment
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Modernized Tiered Risk Assessment

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

Hazard ID

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

S

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

Tier 3: Targeted in vivo testing
- Targeted in vivo testing
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Predictive Risk Products

< Chemical Selected Risk Overview

FORMALDEHYDE
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CERA toolbox
(Desktop application)

Exposure guidelines
Curated risk predictions and models
Risk calculations, workflows

Adapted from https://pxhe
https://commons.wikimedia.org/wikj

Predictive Risk Capability Build

Databases

Risk prediction models
Dosimetry models
Exposure models

Risk assessment workflows
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Chemical Exposure Risk Assessment (CERA) Database
Chemical Exposure Risk Assessment (CERA) Database
OSHA
Batch Search Results (221)
N 7
i Search Term Matches Chemical Name CAS
Align
(+/-)-cis-Permethrin 61949-76-6 0 & Mo matches found
e
Permethrin 52645-53-1 1 Permethrin 52645-53-1
@ Trans-Permethrin 61949-77-7 0 /N No matches found
[ Web Application J
3 Formaldehyde . AN ﬁ.mbig@us search term
GOOQ'G Cloud Select Chemical(s)
Cyfluthrin 68359-37-5 1 Cyfluthrin 68359-37-5
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QSAR-ML Models for Acute Toxicity & Risk Mitigation

- Oxidative stress

Structural Alerts + Message Passing Neural —— DrugBank repository Models in development for:
Network Model (MPNN) Lung
1) 7 Nitrafurantoin, Dantrolene, Mometasane .
p [ | T on Kidney

M 4% J 5 Cefuroxime, Lapatinib, Diloxanide furoale Neurotoxicity

A/ 09 S S T e 2] Alitredinein. Tratinoin, Isofratingoin, Gestrinone,
- e | Awilreting Medrogestone, Dydrogesienone,
Ly T e | Colchioeine, Momepestrol acetate, Cyprotarana
0.7 - acetabe, Ceflobiprole, Ceftabiprabe medacarl
clclclocTNg G=Celcccol 0.6 3] i Ticeonarale, Sitaxentan, Clotiazepam,
Sertaconazole, Relugolix, Avatrombopag,
57 1 50 0.94 0.8 - .y Larnoxicam, Rivaroxaban, Lotilanar
0.4 B
- - 0.3 4] ,.;;"“‘Hh Lansoprazok, Dexlansoprazale,
Ny -( -\\ ==, _f//; 1l 0s Omeprazole, Esomeprazole, Rabeprazole,
el A ! ! N | 1 S | Bimeprevir, Pantoprazola
A A= i
) " 5) Cinoxale, Octinoxate, Amiloxate,
1 z 3 4

5 - *'\1 - ".'---\‘- Rescinnamine, Ethyl ferulate
i I - i
CCC{=0)C=Celeee(eel) | Cl=0Meinc2ecoee2si Distance to modsl S

Yy

28| 1 25|1

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
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Multi-tasking ML Models for Data Poor Endpoints
(with JHU APL)

Available data Single-Task (3T} Multi-Task (MT)
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One Model per Task One Model for Multiple Tasks
5000
10
H Gingle-Task
) il B Chernical Space + RBF
| il .
0 500 1000 1500 2000 ST vs. MT - low density data
Assays
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

# Assays needed for novel
chemical
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https://doi.org/10.1016/j.comma tsci.2019.02.040

https://doi.org/10.3389/ftox.2022.894569 Ed Wa rd S et a I ) 202 2’ P IVl I D : 3 5 29 5 2 1 1
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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 l . [
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Forecasting Emerging Threats — Al- 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
e "
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4) Evaluate emerging chemicals in
predictive risk models
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Predictive Chemistry for Thermal Degradation
(With JHU APL)

https://www.dvidshub.net/image/3530557/firefight
er-exercise
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Predictive Risk Team
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« Tyler LaLonde
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 Luke Skala
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Nam Le

Phillip Koshute

Jordan L. Wesley

Dirk Yamamoto .
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Stephen Comaty (DCPH-A)
Matt McAtee (DCPH-A)
John Reichard (NASA)
John Wambaugh (USEPA)
Caroline Ring (USEPA)

Mike McCarthy
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Chemical Risk Assessment — past, present, and future

Pre-1970 1970-2000s 2000s & going forward
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1901 — FDA “poison squad”
1906 — Pure Food and Drug Act -> FDA
1970 — Formation of EPA
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Rapid Risk Assessment Workflow < >

10. Lung toxicity — Restoral

11. Lung toxicity JPC-5: cytotoxicity/biomarkers (collaboration with Drs. : 12. Rapid
Nelson & Grogg, NAMRU, CDC/NIOSH =~ S~~~ ~~~~ dosimetry (httk)
21Neurotoxicity httk rapid dosimetry(BHSAI/SBP) Chemical y ! model
structure? O /\
in vitro ;\
. . S " . i tests !
C_lualltatlve Bhown Mechanisic ~._ | &y 7777 e /
(i.e., hazard target data? \ gy d_\ét_ -- 7
2 e g toxicity? 2 onauc 1
identification) oxicity (4 I Copfduct in vivo
1 \ 4
; xtrapolation
""""" (IVIVE)
1. CERA database & web app 1 ¥
2. OpEL prediction J
Dosimetry modell2
Quantitative \ Available Acute (BBD, MPPD)
i.e., risk level N~ OpE ‘ Sufficient
( ! / 2) (/ results?
/
3. CERA database & web app S <
information
for risk
4. Read-across - preliminary OpEL Sy Re-visit problem
formulation
5. Acute toxicity QSAR-ML model
6. Neurotox Al model Exposure > LT OO
7. Oxidative stress QSAR-ML model uncertainty factor sl OO
8. Lung toxicity QSAR-ML models + OpEL? Ol @
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CERA (desktop): Searchable database + automated risk estimate paradigm

DOEHRS-IH/EESOH-MIS
) : - Air Force N 4 N Chemical Properties
Analytical target chemicals |
(TO-15 & FTIR ) , 'C‘: e"?“"l Chemical Chemical Identifiers
emica . _
Battelle list of DoD TICs . Information Chemical
K List k / Relationships
Field sampling n=876  / .
(HAS, fabrication, Rapid Risk
maintenance) Assessment
Database y Y
- Toxic )
. Exposure Guidelines
Occupational: ACGIH, AIHA, Indus‘t.r'al Hazard & | odor Thresholds
OARS, NIOSH, OSHA, * Chemical Risk ) .
California OSHA List Flammable/Explosive
Deployment: DCPH-A \ n=3129 ) | J Acute Toxicity: GHS,
(MEGs/RDEX) QSAR/ML
. . - ; Risk Guidelines
Zr:;rgency' DoE, NRC, EPA, ToxAdvisor compiles these data and provides expert curated In Vitro/In Vivo Points of
guidance to aid decision-making and risk communication
Departure

— in a user-friendly interface
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CERA (desktop): Searchable database + automated risk estimate paradigm

Rapid Risk
Assessment

Exposure Limit look-up

Estimate new Exposure Limit

Database

Hazard look-up

Read-across using chemical space tool (JHU)

AlR FORCE RESEARCH LABORATORY

Compare in vitro/in vivo/in silico POD

Process/analyze new in vitro data
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Fstimatina exnosiire limits
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Full Raw
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and Metadata

POD

Traditional*

Ratio

Line Key
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ML models for target acute toxicity

Models in development for Lung & Kidney

Acute Toxicity Neurotoxicity

Frot o rwiby

Message passing neural network (MPNN) model
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1 | N S
0.8 mAUC CI/\)
mACC ACC = https://doi.org/10.1016/j.bioorg.2015.08.002
0.6
(TP+TN)/Nchem — Neuro targets
accuracy * Acetylcholine
- AUC = area under e AChE
ROC curve

g * AMPA
Acute oral Acute Acute Eye Skin Skin

inhalation  dermal irritation  irritation sensitization Ch u s h a k et a I , 202 3 - C H AT M Cca rt hy et a I . 202 2
https://doi.org/10.1016/j.comtox.2023.100280

https://doi.org/10.1016/j.comtox.2022.100238
* GABA
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Exposure Limit Prediction

Overall Toxicity Reference
Value (TRV) Process

Identify Substances of Interest

4

Are Authoritative TRVs
Available?
YES NO
Derive Prioritize TRV
Operational ~ Gapsto be
Exposure filled via
Limits Provisional or
(OpELs) Screening
Values

Medium

Lower
confidence

Higher
confidence

confidence

Approaches for Filling TRV Gaps

for 8-h TWA Occupational Exposures

Derived No Effect Levels for Workers
(DNELs)

GHS data + NIOSH E-tool = Tier 1
Occupational Exposure Band (OEB)

Chemical similarity + reference OELs =
Nearest Neighbor approach (central
tendency)

Short-term OpELs + ratios of OELs to short-

term OpELs for reference chemicals =
Empirical OEL (central tendency)

Chemical descriptors + reference OELs

Multiple Linear Regression approaches

(central tendency)

Chemical similarity + reference OELs =
Nearest Neighbor approach (minimum of 3-
5 nearest neighbors)

Designating provisional
OpELs or Screening Values
(sv)

Derive candidate OpELs

4

Synthesize evidence across
multiple approaches and
evaluate relative to OpELs for
other durations; evaluate
consistency

: '

Select provisional OpEL/SV
and assign confidence grade

Conclusion: DNELs tended to be supported by other
approaches. In the absence of DNELs, Nearest Neighbor
approaches and Empirical Adjustment of Short Term OpELs
were found to allow TRV estimation with reasonable
confidence for nearly all substances in the test set.

Sweeney and Sterner. 2024. Toxicity
Reference Values for Force Health
Protection: Provisional Occupational
Exposure Guidelines. Regul. Toxicol.
Pharmacol.(submitted)
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