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Risk Assessment Context
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National Research Council. 1983. Risk Assessment in the Federal
Government: Managing the Process. Washington, DC: The
National Academies Press. DOI: https://doi.org/10.17226/366
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‘Priorities

2009: Research on population
pharmacokinetics

Characterizing uncertainty and population variability in the toxicokinetics of
: i i i |trichloroethylene and metabolites in mice, rats, and humans using an

i i i i |updated database, physiologically based pharmacokinetic (PBPK) model, and
: i i i |Bayesian approach

P Weihsueh A. Chiu**, Miles S. Okino *', Marina V. Evans %3

- 2 National Center for Environmental Assessment, US Environmental Protection Agency, Washington DC, 20460 USA
. b National Exposure Research Laboratory, US Environmental Protection Agency, Las Vegas, NV 89193, USA

Contents lists available at ScienceDirect

Toxicology and Applied Pharmacology

journal homepage: www.elsevier.com/locate/ytaap
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2011: EPA IRIS Toxicological
Review with Toxicity Values

Cq

Toxicolog

journal honi

Characterizing uncertainty and
: i i i |trichloroethylene and metabolit
i i i i |updated database, physiological
: i i i |Bayesian approach

I Weihsueh A. Chiu **, Miles S. Okino ",

¢ | ? National Center for Environmental Assessment, US Environmental P|

¢ |® National Exposure Research Laboratory, US Environmental Protectid

Integrated Risk Information System (IRIS)
Chemical Assessment Summary

U.S. Environmental Protection Agency

National Center for Environmental Assessment

Trichloroethylene; CASRN 79-01-6

Human health assessment information on a chemical substance is included in the IRIS database
only after a comprehensive review of toxicity data, as outlined in the IRIS assessment
development process. Sections I (Health Hazard Assessments for Noncarcinogenic Effects) and
II (Carcinogenicity Assessment for Lifetime Exposure) present the conclusions that were reached
during the assessment development process. Supporting information and explanations of the
methods used to derive the values given in IRIS are provided in the guidance documents located
on the IRIS website.

STATUS OF DATA FOR TRICHLOROETHYLENE

File First On-Line 03/31/1987

Category (section) Assessment Available? Last Revised

Oral RfD (L.A.) yes 09/28/2011
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2009: Research on
pharmacokinetics

2011: EPA IRIS Toxi| 2020: EPA Risk

Review with Toxicit] Evaluation

journal honi

Characterizing uncertainty and
: i i i |trichloroethylene and metabolit
i i i i |updated database, physiological
: i i i |Bayesian approach

I Weihsueh A. Chiu **, Miles S. Okino ",

¢ | ? National Center for Environmental Assessment, US Environmental P|

¢ |® National Exposure Research Laboratory, US Environmental Protectid

Integrated Risk Information System (IRIS)

Trichloroethylene; CASRN 79-01-6

Human health assessment information on a chemical substance i
only after a comprehensive review of toxicity data, as outlined in
development process. Sections I (Health Hazard Assessments fol
II (Carcinogenicity Assessment for Lifetime Exposure) present t
during the assessment development process. Supporting informa|
methods used to derive the values given in IRIS are provided in
on the IRIS website.

STATUS OF DATA FOR TRICHLOROETHYLENE

File First On-Line 03/31/1987

Category (section) Assessment A

Oral RfD (L.A.) yes

Caog ., . . EPA Document #740R18008

Chemical Assessment Summary November 2020

- EPA United States Office of Chemical Safety and

TOXi co l Og \ Y4 Environmental Protection Agency Pollution Prevention

Risk Evaluation for
Trichloroethylene

CASRN: 79-01-6

Cl H

Cl Cl
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2009: Research on 2011: EPA IRIS Toxi| 2020: EPA Risk | 2023: EPA Proposed
pharmacokinetics | Review with Toxicit| Evaluation Rule Banning TCE

Integrated Risk Information System (IRIS)

€O Chemical Assessment Summary e ) United States
. SEPA ot b=y AV EEEE -
Toxicolog
Trichloroethylene; CASRN 79-01-6 . . . —
Environmental Topics v Laws & Regulations v Report a Violation v About EPA v
jousnalihom Human health assessment information on a chemical substance i Risk Evaluation
only after a comprehensive review of toxicity data, as outlined i Trichl thyl News Releases: Headquarters | Chemical Safety and Pollution Prevention (OCSPP) CONTACT US
development process. Sections I (Health Hazard Assessments fol Elchiarociayie
P II (Carcinogenicity Assessment for Lifetime Exposure) present t . . . . [
: 1 ! ! |Characterizing uncertainty and | e e sssmentdewclopmentpocess. Suppoing nfrns casrv: 79011 Biden-Harris Administration Proposes Ban on
L . g i methods used to derive the values given in IRIS are provided in . » .
t { ! |trichloroethylene and metaboli one ks websic. Trichloroethylene to Protect Public from Toxic
: ¢ ¢ i |updated database, physiological srarusor pata For TRICHLOROETHYLENE Cl Chemical Known to Cause Serious Health Risks
s Bayesian approach File First On-Line 03/31/1987 —_—
N . . . . Proposal aligns with President Biden’s Cancer Moonshot by reducing toxic exposures
: ¢ |Weihsueh A. Chiu®*, Miles S. Okino ™, e S Assessment Al P &n Y & P
E @ National Center for Environmental Assessment, US Environmental P| Cl kﬂOW'ﬂ to cause cancer
| National Exposure Research Laboratory, US Environmental Protectid
Oral RfD (LA.) yes October 23, 2023
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2009: Research on 2011: EPA IRIS Toxi| 2020: EPA Risk | 2023: EPA Proposed

pharmacokinetics | Review with Toxicit] Evaluation Rule Banning TCE

2024: EPA Final Rule
Banning TCE

Cq

Toxicolog

journal honi

Characterizing uncertainty and

Weihsueh A. Chiu ®*, Miles S. Okino !,

@ National Center for Environmental Assessment, US Environmental P|
® National Exposure Research Laboratory, US Environmental Protectig

Integrated Risk Information System (IRIS)
Chemical Assessment Summary Nal

Trichloroethylene; CASRN 79-01-6

Human health assessme;jn mfor'malmn on. a.chemlcal subslf'mce.l Risk Evaluation
only after a comprehensive review of toxicity data, as outlined in
development process. Sections I (Health Hazard Assessments fol
II (Carcinogenicity Assessment for Lifetime Exposure) present t

during the assessment development process. Supporting informa| CASRN: 79-01- Biden - Harris Administr injury to health or the environment identified in a TSCA risk
Trichloroethylene to Pr

methods used to derive the values given in IRIS are provided in

trichloroethylene and metabolif] onthe IRIS website.

5 EPA
United S 3
7 EPA Eavisamutal Prooction Agency \’ Agency

Environmental Topics v

Trichloroethyle

Cxzony(Gertion) LI known to cause cancer

Cl

Oral RfD (LA.) yes October 23, 2023

United States
Environmental Protection

Laws & Regulations v

News Releases: Headquarters | Chemical Safety and Pollution P

Federal Register / Vol. 89, No. 242 / Tuesday, December 17, 2024 /
Rules and Regulations

ENVIRONMENTAL PROTECTION AGENCY

40 CFR Part 751 [EPA-HQ-OPPT-2020-0642; FRL-8317-02-
OCSPP] RIN 2070-AK83 Trichloroethylene (TCE); Regulation
Under the Toxic Substances Control Act (TSCA)

AGENCY: Environmental Protection Agency (EPA).

ACTION: Final rule.

SUMMARY: The Environmental Protection Agency (EPA or Agency)
is finalizing a rule to address the unreasonable risk of injury to health
presented by trichloroethylene (TCE) under its conditions of use.
TSCA requires that EPA address by rule any unreasonable risk of

evaluation and apply requirements to the extent necessary so that
0 the chemical no longer presents unreasonable risk. EPA’s final rule
will, among other things, prevent serious illness associated with

1 1 2 uncontrolled exposures to the chemical by preventing consumer
UpdatEd database' phySIOIOglcal STATUS OF DATA FOR TRICHLOROETHYLENE CI Chemlcal KHOWII tO CaUE access to the chemical, restricting the industrial and commercial use
1 of the chemical while also allowing for a reasonable transition period
BayeSIan approach File First On-Line 03/31/1987 —_— with interim worker protections in place where an industrial and

Proposal aligns with President Biden’s Cancer commercial use of the chemical is being prohibited, and provide

time-limited exemptions for critical or essential uses of TCE for
which no technically and economically feasible safer alternatives are
available.

DATES: This final rule is effective on January 16, 2025.
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2009: Research oh 2011: EPA IRIS Toxi 2020: EPA Risk
pharmacokinetics Review with Toxicit Evaluation

EPA's Strategic Phaseout of TCE and Related Chemicals

December 9, 2024

LS

Announcement of
TCE management
decision by EPA

Prohibitions
within 1 year

N

Manufacturing (including
importing) TCE for any use

Processing of all consumer and
most industrial products

Prohibitions staggered
over 50 years

Parts cleaning in aircraft,
medical, transportation, security, space
exploration, and defense systems

Manufacturing of lead and lithium
battery separators, polymeric sheets,
and refrigerants

Use as a laboratory chemical
Process water/remediation system releases

to industrial pre-treatment/treatment and
public wastewater systems (POTW)

R 7

Assessment Needs " S/

Scientiﬁt;

Social

Economic

2023: EPA Proposed 2024: EPA Final Rule

Rule Banning TCE 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.
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AN Recearch Needs Assecement Needs B e
2009: Research on 2011: EPA IRIS Toxi 2020: EPA Risk  2023: EPA Proposed 2024: EPA Final Rule
pharmacokinetics Review with Toxicit Evaluation Rule Banning TCE Banning TCE
* December 17, 2024 - Final rule published * March 28, 2025 - Court lifted the administrative stay for TSCA t] 6
- January 10, 2025 — First legal challenges by companies _?_IlsgoArtlsoergig;tgza )rlél)e(eer;](c?igtnfsor the provisions for the Sec I_O n (g)
to stay or reconsider the rule d b ' exem pt lIoNsS
. . * May 27, 2025, EPA moved to hold the case in abeyance
» January 13, 2025 - Fifth Circuit Court of Appeals granted o F : :
a motion to temporarily stay the rule's effective date seeaies [ Inienss © reenanan e el s Use duri ng 50 year
. . A * June 17, 2025 — EPA further postponed the effective date -
January 16, 2025 5 ThiraiCircuit|leftthe temporary of the TSCA section 6(g) exemptions until August 19, . :
administrative stay of the effective date in place pending 2025 phaseout requires strict
further order of the court ' worker protections SO
. . * August 18, 2025 — EPA further postponed the effective
LENILELY 25, 2025 — Es temporanly Sl e date of the TSCA section 6(g) exemption requirements . .
effective date of the rule until March 21, 2025. until November 17, 2025. inhalation exposures to
* March 21, 2025 — EPA signed a notice further postponing, November 14, 2025 — EPA further postponed the TCE stay below 0.2 ppm.

the effective date of the requirements imposed on each of
the TSCA section 6(g) exemptions in the final TCE rule
for 90 davys until June 20, 2025.

effective date of the TSCA section 6(g) exemption
requirements until February 17, 2026.



Risk Assessment Context

Houston, we've had a problem here.

— Jim Lovell —
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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)

East Palestine [OH]: February — July 2023
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An example of the DR2 by Texas A&M University Superfund Center — 2019-2020
(Research Translation and Community Engagement)

. ITC fires: 20+ million tons of Superfund Center trainees Superfund Center scientists ~ Superfund Center scientists present  Center’s response to ITC fires was
K ey TeC h Nnic al Ap p roac h es: hazardous waste releasedto ~ conducting water sampling ~ meet with GBF Board interim data analyses in a covered in 20+ print and TV stories
Houston Ship Channel 7

community forum
i T SR

« Data mining

» Geospatial analytics and
visualization

» Non-targeted analysis using lon
Mobility Spectrometry-Mass

Spectrometry (IMS-MS) S A Al 2
- ) stakeholder events EWG, TEDx, GBF Harris C TCEQ GBF| TGLO Minnesot

Key Non-Technical Approaches: L' "\ < tnd Sierra Club Health Dept. ‘DR —
» Research translation with risk community events Bay Area HESER Mg

assessment focus Sampling by Texas A&M| A P P Community Center Museum
 Engagement with government USRI PrAs)

g g g Sampling byTCEQ/EPA
agencies, non-profits, and (SVOC, VOA, metals) :

i ITC Fir
communities [03/1820/2319]* 04/2019 | 05/2019 | 06/2019 | 07/2019 | 08/2019 | 09/2019 | 10/2019 | 11/2019 | 12/2019 | 01/2020 | 02/2020 | 03/2020

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

. . . . . . . JES

nature » journal of exposure science & environmental epidemiclogy > articles » article ; : . . :

Journal of Environmental Sciences
Volume 115, May 2022, Pages 350-362

Environmental Pollution
Volume 265, Part B, October 2020, 115009

ELSEVIER

ELSEVIER

Article | Published: 02 June 2021

""""" Temporal and spatial analysis of per and oot §patial and temporal distribution of surface water © Analysis of per- and polyfluoroalkyl substances in |-+

,,,,,,,,,, polyﬂuoroal‘kyl substances m.surface waters of ereereereereerer] contaminants in the Houston Shlp Channel after the f HOLlSt_()Il Ship Channel‘and Ga}vesﬁton B.ay '

""""" Houston ship channel following a large-scale . . . following a large-scale industrial fire using ion-  |++**+*
industrial fire incident % Intercontinental Terminal Company Fire

mobility-spectrometry-mass spectrometry




An example of the DR2 by Texas A&M University Superfund Center — 2019-2020
(Research Translation and Community Engagement)

. ITC fires: 20+ million tons of Superfund Center trainees Superfund Center scientists ~ Superfund Center scientists present  Center’s response to ITC fires was
K ey Tec h nic al Ap p roac h es: hazardous waste releasedto ~ conducting water sampling ~ meet with GBF Board interim data analyses in 2 covered in 20+ print and TV stories

.. Houston Ship Channel
» Data mining e

» Geospatial analytics and
visualization

* Non-targeted analysis using lon
Mobility Spectrometry-Mass
Spectrometry (IMS-MS)

community forum

Cycle 1 of the C er (2017-2022).

Key Non-Technical Approaches:

+ Research translation with risk “Rapid” Exposure Assessment =

assessment focus

« Engagement with government 12'24 mOnthS

agencies, non-profits, and R
. ITC Fires e
communities [03/18-20/2019]" 04/, 2019 | 09/

Submitted: Mar 2020; Accepted: Jun 2020 Submitted: Jan 2021; Accepted: May 2021 Submitted: Jun @921; Accepted: Aug 2021
ai Environmental Pollution f nature > journal of exposure science & environmental epidemiology » articles > article " Journal of Environmental Sciences
FLSEVIER Y Y Article | Published: 02 June 2021 y 4 ELSEVIER ' ,
""""" Temporal and spatial analysis of per and weeeeeeeneeneeeod Gpatial and temporal distribution of surface water Analysis of per- and polyfluoroalkyl substances in |.-...
polyfluoroalkyl substances in surface waters of contaminants in the Houston Shlp Channel after the Houston Ship Channel and Galveston Bay
""""" Houston ship channel following a large-scale . | inal . following a large-scale industrial fire using ion-  |++**+*
industrial fire incident Intercontinental Termina Company Fire mobility-spectrometry-mass spectrometry




An example of the DR2 by Texas A&M University Superfund Center — 2023
(the “One Center” approach)

February 3, 2023 February 21, 2023

March 16, 2023

February 24 2023

Texas ABM Superfund Researc 9tamusu; -Feb 24,2023 promota -

Data From *Untargeted" Air Quality Analyses by Camegie Mellon and Texas A&M Universities
Fabruary 20. 2023 [11:07 AM to 0144 PM) Fabruary 20. 2023 [both time periods)

4>

ted using CAPS CMU
¥ laboratory found:
olatle compounds were above
B background levels and displayed

lemporal and spatial variation like acrolein
« Additional compounds exhibited clear “hot

spots" above local background levels
CONGLUSION: Additional mobile air
sampling Is needed 1o establish whether air
quallty is returning to local background levels  S525im

e, £A Woather Hatory

July 12, 2023
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Air Pollutant Patterns and Human Health Risk following the East
Palestine, Ohio, Train Derailment

Oladayo Oladefi, Mariana Saitas, Toriq Mustapha, Natalie M. Johnson, Weihsueh A. Chiu, Ivan Rusyn,
Allen L. Robinson, and Albert A_ Presto®

ESS . Moics & Mare

L Ty ——

ABSTRACT: O Februasy 3, 3023, & train carrying sumerous bzardous chemicals derailod i
East Pabestine, OH, spuering temparary evacuation of esidents and a contrlled burn of same of
s epridHealth enptoms, g beches i espintoey

oo T chile aie qualiy

S B T e
KEYWORIDS: ai dosics, hagarsdous ar polbutants, VOC, st response sesearch, mabe monitring

B INTRODUCTION

comducted within wesks o the deraiment. ol sesdens

fatigue
anthrops

excumpli ol skin
uurs PA) st
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An example of the DR2 by Texas A&M University Superfund Center — 2023
(the “One Center” approach)

February 21, 2023

Cycle 2 of the Center (2022-2027):
“Rapid” Exposure Assssment =

February 3, 2023 March 16, 2023 July 12, 2023 No 6-7, 2023

Data From “Untargeted Air Quality Analyses by Camegie Mellon and Texas ABM Universities [l \rowrs. sty
February 20, 2023 [11:07 AMto 0144 PM]  February 20, 2023 (both time periods] e e
™

« Data mining

» Geospatial analytics and visualization

» Non-targeted analysis using Proton-
Transfer-Reaction Mass Spectrometry
(PTR-MS)

22
Acrolein (CAS 107-02-8) [ D ]
levels in air relative to 32 3

in downtown Pittsburgh (PA)  Times iower Times igher

Key Non-Technical Approaches:

» Research translation with risk
assessment focus

- » Engagement with government

- agencies, non-profits, and

communities
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Two-Stage Machine Learning
for Human Health Points of Departure

CHEMICALS

oy ‘PERA

TEXAS A&GM UNIVERSITY
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Toolbox for Next Generation Risk Assessment:
Hazard Identification & Dose-Response

New Approach
Methodologies in
Toxicology
In Vitro

Human induced pluripotent stem cell (iPSC)-derived cells

Neurons  Cardiomyocytes Endothelial cells  Hepatocytes LJ EC

Mitochol esis

y‘ {unmwm\w

In Silico

0 &

Stage1

P 6

Stage 2

PPPPPPPPPP

CHEMICALS

RANDOM | ACTIONABLE
TOX. DATA OR
FOREST | ppepicrions

RISK
ASSESSMENT

Hazard Identification
(Incl. Mechanisms of Toxicity

Dose-Response
Exposure
Risk Characterization

Data Analysis and
Visualization

Data mining and
Al/Machine Learning
Geographic Information
System (GIS)-based
Spatial Analysis and
Visualization

A
Engagement and
Research Translation

Partnering with
government agencies,

non-profits, and
communities



TEXAS A&M UNIVERSITY

@ SUPERFUND Hurricane Harvey Case Study: Rapid Hazard ID

RESEARCH CENTER

Hurricane Harvey: PAH concentrations in sediments Potential PAH contamination
A massive rain event (Houston Ship Channel/ in the residential areas
) Galveston Bay) B :
1000
2 2 G ]
% L _)Ga‘vgzll%n Bay \ccf |
= 100
a
-98 97 96 -95 -94 93 92 -§1 ..(E :
Longitude (deg) IE i
...leading to major T
contaminant re-distribution 10 I .
Pre Post
80—
=)
Co!o;.it?-joli;i\'er— g 60_
' T
<
O 404
T
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S
> |
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c
Image credits:
0 I Houston Chronicle
Pre Post Business Insider

Image credits: Tim Dellapena and Anthony Knap (Texas A&M) Camargo et al Mar Pollut Bull 2020 Nov 27; 111872 The New York Times
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Risk Characterization of Environmental Samples
Using In Vitro Bioactivity and Polycyclic Aromatic
Hydrocarbon Concentrations Data

Zunwei Chen, Dillon Lloyd, Yi-Hui Zhou, Weihsueh A Chiu, Fred A Wright, lvan Rusyn

Toxicological Sciences, Volume 179, Issue 1, January 2021, Pages 108-120,
https://doi.org/10.1093/toxsci/kfaal66
Published: 09 November 2020

Study area: “Real” mixtures

K \ Vel
Q-:,._..l 1 ;]
. Downtown |
y Houston

Refinery

Houston Ship Channel N
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s
\ 2

Hurricane Harvey Case Study: Rapid Hazard ID

Study design: Chemical-biological data
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1. Quality control
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Human induced pluripotent stem cell (iPSC)-derived in vitro models
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3. Data integration 4. Spatial association and

ToxPi-based ranking of correlation analyses
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ToxPi-based grouping of
the samples (locations)

5. Supervised feature
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Chen et al Toxicol Sci 2020 Nov 9:kfaal66
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Risk Characterization of Environmental Samples |
Using In Vitro Bioactivity and Polycyclic Aromatic

Hydrocarbon Concentrations Data
Zunwei Chen, Dillon Lloyd, Yi-Hui Zhou, Weihsueh A Chiu, Fred A Wright, lvan Rusyn

https://doi.org/10.1093/toxsci/kfaal66

Toxicological Sciences, Volume 179, Issue 1, January 2021, Pages 108-120,
Published: 09 November 2020

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

* NAMSs can be used for identification of the areas of
concern and direct quantitative risk characterization
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Spatial patterns in PAH contamination and cancer risk
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- Dose-Response Assessment requires Points of Departure (PODs) for deriving Toxicity Values to
compare to Exposure estimates

Toxicity Values Exposure
Regma_tor_y / Traditional
Authoritative Yes Approach POD CXIRXEFXED r@
POD from EPA, sl RfD = T LADD = e k@
ATSDR, CalEPA, m A”YTH BWXLT
etc. available? Divide by < ‘/ = o
inter-
No sfzir.gs i - - LADD L A —
_ Divide by RfD N~ L
No data=No risk intra- seament =
OR species | gy g TR
Fixed value factor T — POD — =

based On TTC Rgfaran[;g LADD E 5_, € .‘:a_ y :h::w::::i-lr.:llumu-ﬂju .
Value rrm——

» 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
requlatory/authoritative PODs.
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Surrogate POD based on
RN analysis of ToxValDB

: : i ¢ Approach: Expand coverage of

: i 1 i chemicals with (non-cancer) toxicity
i 11! 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- anc
intra-study variability
Results: Surrogate PODs can be

derived using the 25" %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

i \
I[ ToxValDB Ngpey=30654 | Nyo=427506 ] \\
| ~
b
:[ (i) Effect-level type (e.g. NOAEL) ] ~ N
| b
: [ (i) Exposure route (e.g. Oral) ] \\\
1 b
I [ (iii) Effect value and unit ] Mo
1 LY
Y
: [ (iv) Study type (e.g. Reproductive) ] M o )
: \, - Quantitying uncertainty__
: [ (v} Tested species ] 11/ Inter-study and intra- :
" : : ! || study variability for ||
I A [ (vi) Qualifier (e.g. “>", “<*, “~") ] D estimating 95% I
|\ ' Confidence Interval 1
o [ (vii) Critical effect (e.g. Body weight) } | 1 {_around derived PODs |
. 11
$‘f ~ 1
- 1 -
S [[viii] Conceptual model (e.g. Quantal deterrninistic]] | : 8 |
s 1 e !
1 |
(ix) Extrapolation to BMDye, }: 18 .
1 I !
Curated dataset i = 2 !
— ¥ = .
non-rep/dev effects: rep/dev effects: ') 0153 BMD\ g (mgiig-c 1
Mo | Menem=8032 | Ngats=43552 | Nerer=6703 | nyot=46586)1 1 £ I
NS o —F —=———=———————= F————= I Lo & - -—-—-—-- 1
i -t -==== e A *_____-;I_ _____ 'I______-l
I P! L
: " | : PODs |
=] I non-rep/dev effects: I
: Y 'I":' Nehem= 8032 !
<
| = L I
8 ~Z I
1 E c,,-’ I 1 I
B ‘ﬁz/ <! PODs Al
2 . I repidev effects: !
= “a
| . / ""‘I , Nehem= 6703 )i
: — f,/ 1 : |
& - - : |
| B C kg1 BMDysq (mgikg-d) : | I

Regulatory dataset Correlation between ToxValDB and Regulatory dataset Deriving PODs per substance


https://doi.org/10.1289/ehp11524
https://doi.org/10.1021/acs.est.4c00207
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Surrogate POD based on
analysis of ToxValDB

Approach: Expand coverage of
i {11 chemicals with (non-cancer) toxicity
i 11! 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- anc
intra-study variability

Results: Surrogate PODs can be
: i i derived using the 25™" %ile from
i ii ToxValDB

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

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

ToxValDB Ngpemn=30654 | Ny.,=427506 ] *a

(i) Effect-level type (e.g. NOAEL) ] .

N Wl N [ B —
B -

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.

Al/Machine Learning to the Rescue?

Regulatory dataset Correlation between ToxValDB and Regulatory dataset Deriving PODs per substance


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
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.11l QSAR-Based PODs based on

. : i iConditional Toxicity Value N CTv | Approach R
P §(CTV) Predictor (2018) Conditional Toxicity Value Predictor ©

. . An In Silico Approach for Generating Toxicity Values for Chemicals

;i :i* QSAR built on regulatory

;i1 toxicity values

i i i ie Predicts oral and inhalation T

R I wo-Stage Viachine Learning

|| (experimenta) NOAELs

i i i iTwo-Stage Machine Learning _ =

. i : :Model (2024) j
RANDOM | ACTIONABL
FOREST | ppenicrio

N ochemicats 2N

. i« QSAR for PODs building on
::ii  surrogate oral PODs from

[ Aurisano et al' (2023) &CHEMICAL TOXICOLOGICAL NON-CANCER

i iiie Model for inhalation PODs in RMSE: Root-mean-squared-error (log10

i1t development : i i i _ units)

B th r h rform hitps://wchiu.shinyapps.io/Two MedAE: Median absolute error (log10 units)
: :boln approaches perfo Stage-ML-Results-Browser/ R2: Coefficient of determination (<0 means

| 'petter than ToxCast/in vitro
. 1 INAMSs for predicting regulatory
. [PODs

worse that naive constant model)

Wignall et al. 2018; Kvasnicka et al. 2024 27



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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£D

QSAR-Based PODs based o
Chemical Descriptors

"

. { | iConditional Toxicity Value
. : 1 i(CTV) Predictor (2018)

- i» QSAR built on regulatory

Con

An In Silica

;i1 toxicity values

. i i ie  Predicts oral and inhalation

:::: (experimental) NOAELs

: i { iTwo-Stage Machine Learning

. i : :Model (2024)

. iie  QSAR for PODs building on

::ii  surrogate oral PODs from
Aurisano et al. (2023)

Model for inhalation PODs in
i1 development

CHEMICALS CHEMICALS -
IN VIVO B B ACTIONABLE Gl Cer)
TOXICITY ‘P ERA RANDOM  froy oata o
DATA Pc @saR App FOREST  ppenicrions
7 N chemeas 72N

&) CHEMICAL
STRUCTURE

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

Limitations
Same uncertainty estimate for every 0.45
prediction
Certain classes of chemicals excluded 0.48

based on OPERA QSAR
standardization workflow

TOXICOLOGICAL
PROPERTIES

NON-CANCER
PODS

RMSE: Root-mean-squared-error (log10
units)

Both approaches perform

Stage-ML-Results-Browser/

MedAE: Median absolute error (log10 units)
R2: Coefficient of determination (<O means

i { Ipetter than ToxCast/in vitro
. 1 INAMSs for predicting regulatory
| PODs

worse that naive constant model)

Wignall et al. 2018; Kvasnicka et al. 2024 28
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[ QSAR-Based PODs based on ]
SN Chemical Descriptors

« Conformal prediction (CP)

Use of “Uncertainty- £ (x) C(x)
” AL
Aware” Al/ML methods I 22 Blia
- Addresses aleatoric and B %)
epistemic uncertainty for QUANTLE PREDICT 10V

.. VLEGRESSON INTEQVAL
each prediction

*Bayesian neural network (BNN)

« Applied to >130K marketed
chemicals

x
=

3

« Web-app for additional
chemicals (enter SMILES)

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

&

/ Tf Hidden layer L 1 Output layer

L~ ) Input layer

29

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



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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i QSAR-Based PODs based on 1 Gt o Sseome o MO g eEOR. g ademS: g faEde g e
Chemical Descriptors . v | . »

Use of “Uncertainty- I "’ s
Aware” Al/ML methods
uncertainty
« Uncertainty hotspots R
* polychlorinated and o PR el CTOLE D
polybrominated compounds (o ;'C?qf %312 Q 0.
« metals and organometallics - (6,10] AV v T e R SR
+ alkaloids and phenothiazines o LIS SRR Ry
+ Peptides o Bl N T
- Drivers of uncertainty o PRSI ey s T
* low representation in the 8% G Ry %
training data o~ & N
* low applicability of molecular Q
1

descriptor developed for small
organic molecules

* (highly toxic) outliers  yon Borries et al. 2026 https://doi.org/10.1038/s41467-025-67374-4
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reculatory | Toxicity Values Exposure
ANty Traditi |
Authoritative  veg ;:pr:;li _ POD CXIRXEFXED e, g
POD from EPA, s RfD = UF.XUF LADD = T i
ATSDR, CalEPA, m A H
etC. avallable? Divide by Source Enviranmental Expanisre Expesurn
? intE-I'- ’ ' Madia Media | Hbiu
Surrogate sf";ﬁ;ﬁs oo LADD T —
POD based on HQ = ——
analysis of Divide by RfD
TO Xval D B intr‘?' '.'.‘..'.'.'_':;"::..':'.'.'::'..".':.';L'.
species
* factor POD
QSAR-Based MOE = ——
POD based on LADD
Chemical Value
Descriptors
No data=No risk Two classes approaches can fill these data gaps in PODs while also
OR guantifying their uncertainty probabilistically

Fixed value

based on TTC _ : .
General hierarchy recommended in Fantke et al. 2021: https://doi.org/10.1007/s11367-021-01889-y
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@ SUPERFUND Developing Better, Stronger, Faster Risk Assessment
=== RESEARCHCENTER  Approaches through the Lens of Disasters

Broad Engagement
for Better
Translation and
Implementation

f
*pej.as fcoco

Non-Targeted
Approaches for

Better Exposure
Assessment

ASSESSMENT

Hazard Identification
(Incl. Mechanisms of Toxicity)

Dnse- Response tal Justice Advocacy Services Coalition °:ff"";";“ur:‘n“y‘g’ng aaaaaaaaa
Exposure
- - . S
Risk Characterizatio L—_
E D F' GALVESTON
ENVlRONMENTAg

DEFENSE FUND
FOUNDATION
N~~~

Regulatory /
Authoritative
POD from EPA,
ATSDR, CalEPA,
etc. available?

. Surrogate In Silico
) In Vitro POD based on _—
Geospatial Tools for Approach analysis of Approaches
pproaches ToxValDB
Stronger for Faster !'B for Faster
Communication - QSAR-Based Dose-
Hazard POD based on Response
A : Chemical
Identification Deseriptors Assessment

No data=No risk
OR
Fixed value

California Environmental
based on TTC Protection Agency
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