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2009: Research on population 

pharmacokinetics

The Long Road from Research to Action: 
Trichloroethylene as an Example

2011: EPA IRIS Toxicological 

Review with Toxicity Values

2020: EPA Risk 

Evaluation

2023: EPA Proposed 

Rule Banning TCE

2024: EPA Final Rule 

Banning TCE

TSCA section 6(g) 

exemptions 

Use during 50-year 
phaseout requires strict 

worker protections so 
inhalation exposures to 

TCE stay below 0.2 ppm.

• December 17, 2024 – Final rule published

• January 10, 2025 – First legal challenges by companies 
to stay or reconsider the rule

• January 13, 2025 – Fifth Circuit Court of Appeals granted 
a motion to temporarily stay the rule's effective date

• January 16, 2025 – Third Circuit left the temporary 
administrative stay of the effective date in place pending 
further order of the court

• January 28, 2025 – EPA temporarily delayed the 
effective date of the rule until March 21, 2025.

• March 21, 2025 – EPA signed a notice further postponing 
the effective date of the requirements imposed on each of 
the TSCA section 6(g) exemptions in the final TCE rule 
for 90 days until June 20, 2025.

• March 28, 2025 – Court lifted the administrative stay for 
all portions of the rule except for the provisions for the 
TSCA section 6(g) exemptions.

• May 27, 2025, EPA moved to hold the case in abeyance 
because it intends to reconsider the final rule

• June 17, 2025 – EPA further postponed the effective date 
of the TSCA section 6(g) exemptions until August 19, 
2025, 

• August 18, 2025 – EPA further postponed the effective 
date of the TSCA section 6(g) exemption requirements 
until November 17, 2025.

• November 14, 2025 – EPA further postponed the 
effective date of the TSCA section 6(g) exemption 
requirements until February 17, 2026.

2009 and 

before…

2026 and 

beyond…
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Texas A&M University Superfund Research Center (2017-2027):

Comprehensive tools and models for addressing exposure to mixtures 
during environmental emergency-related contamination events 

Center Cycle 1 (2017-2022) Center Cycle 2 (2022-2027)

Disasters provide a test-bed for developing 

“Better, Stronger, Faster” risk assessment.
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Non-Targeted Analytical 

Methods

• IMS-MS: Ion Mobility 

Spectrometry-Mass 

Spectrometry

• PTR-MS: Proton-

Transfer-Reaction Mass 

Spectrometry on mobile 

platform

Geospatial Analysis and 

Visualization

• Geographic Information 

System (GIS)-based 

Spatial-Temporal 

Analysis

• Public-facing GIS 

Dashboards for 

visualization and 

communication

Engagement and 

Research Translation

• Partnering with 

government agencies, 

non-profits, and 

communities
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Submitted: Jan 2021; Accepted: May 2021Submitted: Mar 2020; Accepted: Jun 2020 Submitted: Jun 2021; Accepted: Aug 2021

Cycle 1 of the Center (2017-2022):

“Rapid” Exposure Assessment = 

12-24 months



An example of the DR2 by Texas A&M University Superfund Center – 2023

(the “One Center” approach)

February 3, 2023 March 16, 2023February 21, 2023

February 24, 2023

July 12, 2023 November 6-7, 2023

January 2024

R21 funded

Gone to Ohio…



An example of the DR2 by Texas A&M University Superfund Center – 2023

(the “One Center” approach)

February 3, 2023 March 16, 2023February 21, 2023

February 24, 2023

July 12, 2023 November 6-7, 2023

January 2024

R21 funded

Gone to Ohio…

Cycle 2 of the Center (2022-2027):

“Rapid” Exposure Assssment = 

6-9 months

Key Technical Approaches:

• Data mining

• Geospatial analytics and visualization 

• Non-targeted analysis using Proton-

Transfer-Reaction Mass Spectrometry 

(PTR-MS)

Key Non-Technical Approaches:

• Research translation with risk 

assessment focus

• Engagement with government 

agencies, non-profits, and 

communities
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New Approach 

Methodologies in 

Toxicology

• In Vitro

• In Silico

Data Analysis and 

Visualization

• Data mining and 

AI/Machine Learning

• Geographic Information 

System (GIS)-based 

Spatial Analysis and 

Visualization

Engagement and 

Research Translation

• Partnering with 

government agencies, 

non-profits, and 

communities



Hurricane Harvey Case Study: Rapid Hazard ID
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PAH concentrations in sediments
(Houston Ship Channel/

Galveston Bay)

Hurricane Harvey:
A massive rain event

…leading to major
contaminant re-distribution

Potential PAH contamination
in the residential areas

Image credits:
Houston Chronicle
Business Insider
The New York TimesCamargo et al Mar Pollut Bull 2020 Nov 27; 111872Image credits: Tim Dellapena and Anthony Knap (Texas A&M)



Study area: “Real” mixtures

Study design: Chemical-biological data

Chen et al Toxicol Sci 2020 Nov 9:kfaa166

Hurricane Harvey Case Study: Rapid Hazard ID



Chen et al Toxicol Sci 2020 Nov 9:kfaa166

Spatial patterns in PAH contamination and cancer risk

Spatial patterns in bioactivity (in vitro studies)

Correlations between PAH and bioactivity

Conclusions:

• Significant evidence of spatial correlation of a subset 

of PAH contaminants and of cell-based phenotypes

• We show that the cell-based bioactivity data can be 

used to predict environmental concentrations for 

several PAH contaminants, as well as overall PAH 

summaries and cancer risk

• Demonstrated that cell-based profiling can be used for 

rapid hazard screening of environmental samples by 

anchoring the bioassays to concentrations of PAH

• NAMs can be used for identification of the areas of 

concern and direct quantitative risk characterization



A Tiered Hierarchy of Points of Departure

• Dose-Response Assessment requires Points of Departure (PODs) for deriving Toxicity Values to 
compare to Exposure estimates

• Regulatory/authoritative PODs cover a very limited set of chemicals.

• Counterfactual: If we were to have new regulatory/authoritative assessments based on animal studies in 
the absence of any human data, we would make decisions based on them! 

• Proposed Approach: Use in silico methods derive surrogate or predicted PODs calibrated to existing 
regulatory/authoritative PODs. 

2

Regulatory / 

Authoritative 

POD from EPA, 

ATSDR, CalEPA, 

etc. available?

No data=No risk

OR

Fixed value 

based on TTC

Yes

No



Approach: Expand coverage of 
chemicals with (non-cancer) toxicity 
values by

• Created a consistent and curated 
data set of in vivo chronic dose-
response toxicity data from EPA 
ToxValDB

• Developed a statistical approach for 
calibrating toxicity data against 
regulatory values

• Quantified uncertainty from inter- and 
intra-study variability

Results: Surrogate PODs can be 
derived using the 25th %ile from 
ToxValDB

• Oral PODs expanded by n > 10,000 
Aurisano et al. 2023

• Inhalation PODs expanded by n > 
2,000 Aurisano et al. 2024

Surrogate POD based on 

analysis of ToxValDB

s

https://doi.org/10.1289/ehp11524
https://doi.org/10.1021/acs.est.4c00207
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Implemented by EPA for Oral PODs: 
• Database-calibrated assessment process (DCAP) 

• Peer review by their Board of Scientific Counselors in 

January 2025 (https://www.epa.gov/bosc/database-

calibrated-assessment-product-dcap-panel) 

• Applied to 1001 chemicals that currently lack human health 

assessments (Harrill et al. 2026 

https://doi.org/10.1080/10937404.2025.2552108) . 

Limitations
• Tens of thousands of chemicals have no or inadequate 

data in ToxValDB.

• In vivo testing data on these chemicals unlikely to expand 

substantially in the near future.

AI/Machine Learning to the Rescue?

Surrogate POD based on 

analysis of ToxValDB

https://doi.org/10.1289/ehp11524
https://doi.org/10.1021/acs.est.4c00207
https://www.epa.gov/bosc/database-calibrated-assessment-product-dcap-panel
https://www.epa.gov/bosc/database-calibrated-assessment-product-dcap-panel
https://doi.org/10.1080/10937404.2025.2552108


27

Conditional Toxicity Value 
(CTV) Predictor (2018)

• QSAR built on regulatory 
toxicity values

• Predicts oral and inhalation 
(experimental) NOAELs

Two-Stage Machine Learning 
Model (2024)

• QSAR for PODs building on 
surrogate oral PODs from 
Aurisano et al. (2023)

• Model for inhalation PODs in 
development

Both approaches perform 
better than ToxCast/in vitro 
NAMs for predicting regulatory 
PODs

Wignall et al. 2018; Kvasnicka et al. 2024

Approach RMSE

MedA

E R2

CTV N.R. 0.70 0.45

Two-Stage ML 

(general non-

cancer) 0.69 0.40 0.48

Two-Stage ML 

(repro/dev) 0.58 0.31 0.49

ToxCast+httk 

(general non-

cancer) 1.87 1.22 <0

ToxCast+httk 
(repro/dev) 1.52 0.84 <0

RMSE: Root-mean-squared-error (log10 

units)

MedAE: Median absolute error (log10 units)

R2: Coefficient of determination (<0 means 

worse that naïve constant model)

https://wchiu.shinyapps.io/Two-

Stage-ML-Results-Browser/ 

QSAR-Based PODs based on 

Chemical Descriptors

https://doi.org/10.1289/ehp2998
https://doi.org/10.1021/acs.est.4c00172
https://wchiu.shinyapps.io/Two-Stage-ML-Results-Browser/
https://wchiu.shinyapps.io/Two-Stage-ML-Results-Browser/
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https://wchiu.shinyapps.io/Two-

Stage-ML-Results-Browser/ 

QSAR-Based PODs based on 

Chemical Descriptors

Limitations

• Same uncertainty estimate for every 

prediction

• Certain classes of chemicals excluded 

based on OPERA QSAR 

standardization workflow

https://doi.org/10.1289/ehp2998
https://doi.org/10.1021/acs.est.4c00172
https://wchiu.shinyapps.io/Two-Stage-ML-Results-Browser/
https://wchiu.shinyapps.io/Two-Stage-ML-Results-Browser/
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• Conformal prediction (CP)

• Bayesian neural network (BNN)

von Borries et al. 2026 https://doi.org/10.1038/s41467-025-67374-4 

Use of “Uncertainty-

Aware” AI/ML methods

• Addresses aleatoric and 

epistemic uncertainty for 

each prediction

• Applied to >130K marketed 

chemicals 

• Web-app for additional 

chemicals (enter SMILES)

https://dtu-quantitative-sustainability-
assessment.shinyapps.io/poduam/

QSAR-Based PODs based on 

Chemical Descriptors

https://doi.org/10.1038/s41467-025-67374-4
https://urldefense.com/v3/__https:/dtu-quantitative-sustainability-assessment.shinyapps.io/poduam/__;!!KwNVnqRv!DePlaYUqcRQjkwHINzZ-Hms8HR4BUv3izF7aalEmadesT2js2MhkgbMRXn-P8elGeWLyeXa81kpq00JX$
https://urldefense.com/v3/__https:/dtu-quantitative-sustainability-assessment.shinyapps.io/poduam/__;!!KwNVnqRv!DePlaYUqcRQjkwHINzZ-Hms8HR4BUv3izF7aalEmadesT2js2MhkgbMRXn-P8elGeWLyeXa81kpq00JX$
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von Borries et al. 2026 https://doi.org/10.1038/s41467-025-67374-4 

Use of “Uncertainty-

Aware” AI/ML methods

• Uncertainty hotspots

• polychlorinated and 

polybrominated compounds

• metals and organometallics

• alkaloids and phenothiazines

• Peptides

• Drivers of uncertainty

• low representation in the 

training data

• low applicability of molecular 

descriptor developed for small 

organic molecules

• (highly toxic) outliers

QSAR-Based PODs based on 

Chemical Descriptors

https://doi.org/10.1038/s41467-025-67374-4


A Tiered Hierarchy of Points of Departure

2

Regulatory / 

Authoritative 

POD from EPA, 

ATSDR, CalEPA, 

etc. available?

No data=No risk

OR

Fixed value 

based on TTC

Yes

Surrogate 

POD based on 

analysis of 

ToxValDB

QSAR-Based 

POD based on 

Chemical 

Descriptors

Two classes approaches can fill these data gaps in PODs while also 

quantifying their uncertainty probabilistically

General hierarchy recommended in Fantke et al. 2021: https://doi.org/10.1007/s11367-021-01889-y 

https://doi.org/10.1007/s11367-021-01889-y


Texas A&M Superfund Research Center:
Developing Better, Stronger, Faster Risk Assessment 
Approaches through the Lens of Disasters

Non-Targeted 

Approaches for 

Better Exposure 

Assessment

In Vitro 

Approaches 

for Faster 

Hazard 

Identification 

In Silico 

Approaches 

for Faster 

Dose-

Response 

Assessment

Geospatial Tools for 

Stronger 

Communication

Broad Engagement 

for Better 

Translation and 

Implementation
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