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AAAAAA Outline

* A view of historical evolution

* Responding to evolving complex environmental health
problems

* Public health stakes

* Computational exposure science at the cutting edge
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AI|ce Hamilton (1869 — 1970)
First major champion of occupational health in the United States

* Pioneer of occupational health, safety and industrial hygiene.

* Developed the specialized field of industrial hygiene in the USA

* Discovered more than seventy industrial processes where workers suffered
lead exposure/poisoning

Pagina iniziale del “De Morbis Artificum Diatriba”
In: Opera Omnia Paulum et Isaacum Vaillant Londra, 1739

Percwal Pott- 1761

Noted high incidence of scrotal cancers in
chimney sweeps

Linked cancer to soot

One of the first recorded connections
between occupational exposures and cancer.
Lead to Chimney Sweepers Act of 1788

Bernardino Ramazzini, 1633 - 1714
De Morbis Artificum Diatriba, 1700 (The Diseases of
Workers) — the first comprehensive book on
industrial medicine establishing occupation and
disease links
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e 1979 — 85 TEAM Observational Studies

The TEAM Study: Personal Exposures to Toxic Substances in
Air, Drinking Water, and Breath of 400 Residents of
New Jersey, North Carolina, and North Dakota’
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= Beacoming a Distinct Science

BIPOSURE S| ENCE

* NAS 2012 Exposure Science in
the 215t Century

e 2005 — Exposome Introduced

Cancer Epidemiology, AAGR e

Biomarkers & Prevention

Complementing the Genome with an "Exposome": The
Outstanding Challenge of Environmental Exposure
Measurement in Molecular Epidemiology

Christopher Paul Wild
Cancer Epidemiol Biomarkers Prev 2005;14:1847-1850.

e, 1990 — ISEA/ISES Founded




SEPA  Growing Demand on Exposure Science to Help Address
Expanding and Wicked Environmental Heath Challenges

Agency

* Climate change

* Population pressure on ecosystem
services

* Environmental justice

e Urbanization

* Natural resource depletion
* Loss of biodiversity

* Chemical contaminants

* Habitable planet

Source: Rockstrom et al., 2009

* Infectious disease pandemics



Integral Sciences

* Biological Sciences

* Ecological Sciences

* Social Sciences

* Chemistry

* Data Sciences

* Personalized Medicine
* EXxposomics

* One Health

* Systems Science

Source: Vermeulen et al., Science 2020



Case Example of Exposure Science and
the Challenge of Chemical Exposure

GIVE ADOG A PHONE
Technology for our furry friends

HOW
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DUR MAD DASH TO GHEMICAL UTOPIA : R : - New CIentISt

We’ve made
150,000 new chemicals

Tie

We touch them,
we wear them, we eat them

; W But which ones should
How Cosmetics and We wWorry about?

Personal Care Products
Endanger Your Health ...
And What You Can Do About It v s s os
e presoren  cuemorscams | snave . [

WITH RANDALL FITZOERALE is also virtuous of early human bones befirst digital animal 5 77sze21401251

SPECIAL REPORT, page 34
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Pollution is known to be a leading
public health threat

Challenge: Chemical Pollution and Public Health

g L

" Pollution

is the world’s largest environmental cause of disease and premature death

Iatad d 1

Nearly 92 percent of pc ion-r occur inlow-income
and middle-income countries. Children face the highest risks

because small exposures to chemicals in utero and in early childhood ‘
canresultinlifelong disease, disability, premature death, as well as \

reduced learning and earning potential.
In 2015, diseases caused by pollution were responsible for

9 million premature deaths. 3x | R
That is 16 percent of all global deaths. \ -

Exposures to contaminated air, water and soil kill more people than a high-sodium diet, obesity, alcohol,
road accidents, or child and maternal malnutrition . They are also responsible for three times as many deaths as 15 X
AIDS, tuberculosis, and malaria combined, and for nearly 15 times as many deaths as war and all forms of violence.

Air poliution and climate change are closely
linked and share common solutions.

Fossil fuel combustion in higher-income countries
and the burning of biomass in lower-income
countries accounts for 85 percent of airborne
particulate pollution.

A Icahn School
of Medicine at

Major emitters of carbon dioxide are
coal-fired power plants, chemical producers,
mining operations, and vehicles.
Accelerating the switch to cleaner sources
of energy will reduce air pollution and
improve human and planetary health.

THE LANCET GAHP

Mount GLOBAL ALLIANCE on
Sinai HEALTH AND POLLUTION

Source: Landrigan et al., 2017



“# Challenge: Chemical Pollution and Public Health

* Effects likely underestimated Numbers of poluon rlateddeaths

includedin GBDestimatesbyzone
Well characterised

* Exposure and effects are poorly | [zerersomier ettt
studied pollutants.
U n d e rStOOd / Dataareincluded in GBD

fonel

estimates and in thisreport.

/ Zone2
Zone 2:none Emerging, but still unquantified, health effects
at present of known pollutants. Dataarenotincluded in
GBD estimatesorin this report.
fone3
Zone 3:none Inadequately characterised health effects of emerging
at present pollutants. Dataare not induded in GBD estimates orin this report.

Figure 3: The pollutome Source: Landrigan et al., 2017
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* A large proportion of the
environment-attributed disease is
of unknown etiology

©'PLOS | one

Challenge: Chemical Pollution and Public Health

Genetic Factors Are Not the Major Causes of Chronic Diseases

Cumulative percent

100+

80 4

60 4

40 -

204

* Asthma
O Thyroid autoimmunity
4 Type-2 diabetes
B Alzheimer's disease
<O Pelvic-organ relapse (female)
m Migraine
B Dementia
O Gastroesophageal-reflux disorder
O Type-1 diabetes
<& Stress urinary incontinence (female)
A Coronary heart disease death
O Rheumatoid arthritis
& General dystocia (female)
® Prostate cancer (male)
# Chronic obstructive pulmonary disease
O Irritable bowel syndrome
O Chronic fatigue
A& Gallstone disease
A Stroke-related death
® Colorectal cancer
® Breast cancer (female)
® Lung cancer
W Parkinson's disease
® Stomach cancer
® Bladder cancer

Disease

® Neoplastic

A Cardiovascular
M Neurological
*Lung

A Obesity-associated
O Autoimmune

< Genitourinary

) O Other
® Pancreatic cancer
® Ovarian cancer (female)
® | eukemia
0 20 40 60 80 100

Population attributable fraction

Fig 1. Population attributable fractions (PAFs) for 28 disease phenotypes estimated from studies of monozygotic twins. Sources of data and
statistics are summarized in Table 2.

Source: Rappaport, 2016
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Chemicals Registered for Production and

) 250,000 Use Across 19 Countries
{ Wewes22eem [ only pre-registered
registered before the past decade
] (including those with unknown
IUE.UED—_ registration dates as a
conservative measure)
registered in the past decade
. . - (i.e.in commerce)
* Chemical production and release to the Is0000-) I
environment vastly outpaces ability to test and _
measure mﬂ'ﬂng__
* 350,000 chemicals and mixtures registered for production and use across 19 ]
countries (Wang et al., 2020) .
* The EPA CompTox Chemicals Dashboard lists 37,143 chemicals within its 50,000 - 135
CPDAT, Chemical and Products Database s
(https://comptox.epa.gov/dashboard/chemical lists/CPDA) : 45035 42168 40529
* EPA’s DSSTox database currently lists 1.2 million substances of environmental ]
health relevance (Grulke et al., 2019) 0 _ N 1 I mws_ |
 TSCA lists a total of 86,631 chemicals with about half that number (42,039) with CAS No. without CAS No,, - confidential

. - .. but other identifiers business
identified as currently active in U.S. commerce (February 2022)  formation

* New assessment approaches are needed Source: Wang et al. 2020


https://comptox.epa.gov/dashboard/chemical_lists/CPDA

SEPA  Challenge: Managing the Enormous Number of
Chemicals in Commerce

Agency

e Chemical production and release to the
environment vastly outpaces ability to test and

measure

* 350,000 chemicals and mixtures registered for production and use across 19
countries (Wang et al., 2020)
* The EPA CompTox Chemicals Dashboard lists 37,143 chemicals within its

CPDAT, Chemical and Products Database
(https://comptox.epa.gov/dashboard/chemical lists/CPDA)

* EPA’s DSSTox database currently lists 1.2 million substances of environmental
health relevance (Grulke et al., 2019)

* TSCA lists a total of 86,631 chemicals with about half that number (42,039)
identified as currently active in U.S. commerce (February 2022)

* New assessment approaches are needed



https://comptox.epa.gov/dashboard/chemical_lists/CPDA
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= Challenge: Threat to a Habitable Planet

* Need improved scientific basis for developing
effective hazard screening, monitoring and
management options that will avoid transgressing
planetary boundary (Rockstrom et al., 2009)

* Current chemical management practices do not
address this issue and must therefore be

complemented with new approaches (persson et al.,
2013)

e Sufficient evidence shows stresses on ecosystem
and human health at local to global scales,
suggesting that planetary boundary is being
transgressed (Diamond et al., 2015)

* Production and releases of novel entities outstrips

global capacity for assessment and monitoring Source: Rockstrom et al., 2009
(Persson et al., 2022; Cousins et al., 2022)
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I - PFAS A Case-in-Point

. . Sites known or suspected of making,
* US Mortality Attributed to PFAS Exposure wenet _using or releasing PFAS (n=41,823)

al., EHP 2023)

e Analysis based on NHANES 1999 — 2014, 7 PFAS
measured in serum
* Hazard Ratios for mortality:
* All-cause -- 1.38 (95% Cl: 1.07, 1.80)
* Heart disease —1.58 (95% Cl: 1.05, 2.51)
e Cancer—1.70(95% Cl: 1.08, 2.84)
* PFOS exposure associated annual mortality

* 1999 -2015: ~382,000
* 2015-2018: ~69,000

e Estimated total deaths >6 million Different colors points represent PFAS known users; suspected users;
airports previously required to use AFFF; landfills and waste disposal
: : facilities’; and sewage and waste treatment plants.
°
R IS k to t h reate n Ed ai d en d d nge red S pec 1€S Source: https://www.ewg.org/interactive-

® 120 un|que PFAS found |n over 330 SpeC|eS on every maps/2021_suspected_industrial_discharges_of_pfas/map/
Continent except Anta rCtica (Source: EWG; https://www.ewg.org/news-

insights/news/2023/02/wildlife-warning-more-330-species-contaminated-forever-chemicals)



* Provide tools for exposure
assessment that keep pace with
chemicals in commerce including
chemicals designated CBI;

* Make assessment dynamic
reflecting dynamic changes in
manufacturing, use, behavior, etc.;

e Better account for human
behaviors and co-exposures; and

 Strengthen toxicokinetic modeling

e Strengthening Exposure Science

vandenbeng ef al Environmental Heaitf 2023, 2¥5uppl 1):121

hitps:idolong 10,1 186/51 2940-022-0091 740 Envlrﬂnmental Health
REVIEW Open Access

+ , ®
Addressing systemic problems

with exposure assessments to protect
the public’s health

1% ~ . - 2 . r T ;

Laura M. Vandenberg' |, Swati [ G Rayasam®, Daniel A. Axelrad”, Deborah H. Bennett™, Phil Brown”,

Courtney C. Carignan®, Nicholas Chartres?, Miriam L. Diamond™€ Rashmi Joglekar®'?, Bhavna Shamasunder'!,
kristin Shrader-Frechette =2, Wilma A. Subra™®, Ken farker’™" and Tracey J. Woodnuff
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Recognition

* Exposure science is a complex endeavor that spans
chemical, physical, biological, environmental, and social
sciences

* The high-throughput need of computation exposure -_—
science greatly accentuates the Complexity The integration of advances in chemistry, computer

) ) ) science, mathematics, statistics, and social and
 Data & models interdependent / highly integrated (nas, behavioral sciences with new and efficient models
J L I I J ¥l LT J ¥ J .|'.|'| I L rar I

2012 , . L
. Mo)deling provides the only practical means to achieve and data collection methods to reliably and _
effectively forecast real-world exposures to natural
Defining characteristics and anthropogenic chemicals in the environment
* Predictive (Egeghy etal., 2016.)

 Rapid e
* High-throughput
e Results in closure of knowledge/time gap supporting

risk management decisions

Part of larger research effort known as NAMs
(Wambaugh et al. 2019)



SEPA . . :
we Developing the Science: Computational Exposure

Recognition
* Exposure science is a complex endeavor that spans
chemical, physical, biological, environmental, and
social sciences
* The high-throughput need of computation exposure
science greatly accentuates the complexity Environmental Chemicals Considered EXF:Jlﬁ:' Continuum Contidered et
e Data & models interdependent / highly integrated B S s

= 2
—_ 5 .
(NAS, 2012) g = = £
. [ ides the onl ical 5§ i :
Modeling provides the only practical means to £ S (AR i
hi 23 2 : et
achieve o is vE £
o §= : 2 270 &
D f' 1 h t 1 t' CHEMICAL CURATION DATA DEVELOPMENT & MODELING o
e I n I ng c a ra c e rl S I cs = Chemical |D/and structure clearly defined * Machine learning, informa):i_cs Wi ‘f
» Computationally accessible = Data mining; big / nentraditional data B
. . » Links to exposure-relevant meta data §
¢ Pred ICtlve _: N3l * Limited to few hundredithat can be o E’T: -
[=S* M measured * Empirical [
. o ® - Measur'em_ent‘baseq 5 -
[ J R a p I d :‘E E » Few chemicals'at a time E g
g2 g ¢
. = L 2.
* High-throughput =

* Results in closure of knowledge/time gap
supporting risk management decisions

Part of larger research effort known as NAMs
(Wambaugh et al. 2019)
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Chemical Curation

Data Development

e Data curation of public sources
 Non-targeted Analysis (NTA) methods
Modeling

Cross-Cutting
* Uncertainty
* Confidence
* Access

Computational Exposure Research Elements

Modeling

Data

Development
Chemical
Curation

Cross-
Cuttin

éoqputer & Data Scie)z/es

\/

Decision
Support
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Chemical Curation

* Defining characteristics
 Most comprehensive accounting of anthropogenic
chemical landscape, i.e., 1.2 M chemicals
 Chemical ID, structure, and meta data rigorously quality
assured
* Accessibility for computational, regulatory, public use
* Foundational resource serving to integrate and
enable exposure elements as well as linkages to
hazard and risk
e Future plans
 Continued expansion to include polymers, mixtures,
and ambiguously-defined substances

Continued expansion based on non-targeted analysis
discovery

%«0 ?

‘@

'g@ EPA's C‘.gm PTox
o istryDash o
(ol % Chem bc}ard Q\%'\Q' é,’p "
®% T __H\ Chemi‘sﬂ D"hbmq = ¢ @.‘\q U{\\k
K Lst--0 IOther Lists| " (UserniSEEHons) < ﬁ"‘@
e 7 g
- i qf:\
A\ | List 5 ACToR © Aggregated Public Data q“{:'
g 3 ; 5
wl | g List 4 cppat = Consumer Products & Categories,
o = , Functional Use Data
G T 73 List 3 ToxVaIDB = summarized In Vivo Data
I g: ' - st
? Q o Lst2 anftmDB : In Vitro Assay Data (ToxCast, Tox.?lj\i
0 \ Ryl charril'rop Experimental &
S| | oo e : Predicted Property Data
5| 2% -
) —
AE 2 DSSTox FModels 1
5|3 i '
T; S < | Chemistry Core Documentation for
Sl A Predictive Models
\"’ \._Substances
S -

Sy f
wf SRNS, Na_mes. TD‘E. .

https://comptox.epa.gov/dashboard/



https://comptox.epa.gov/dashboard/
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sen  Research Example: Curation of Chemicals in Biosolids

CompTox Chemicals Dashboard Home Search ~ Lists ~ About~  Tools ~ Submit Comments

Welcome to the new EPA CompTox Chemicals Dashboard
The new Dashboard is a complete rebuild and is replacing the CompTox Chemicals Dashboard released on July 12th 2020. @

LIST: Chemicals in biosolids (2021)

‘B * Clarity of candidate pollutants

o relevant to Clean Water Act

List Details v o . . .
—— -3 e — e—m -~ ° Importantimplications for

human exposure & risk
O “ a
st ?.

Replaces standalone biennial
cznss uocnn. | Moo ovwnte | zasTscochpreyt | dousoine | 220 Titonbghn * Provides context for

reports
e e S mzwizs ;,; el Fen e f‘; o | nt e rp r et| n g ri S k
e Listincludes 726 chemicals /

! ‘_”— V/'—U".
5 o concentrations for 484
Tylosin Diethyl hydrogen phospha... Ofloxacin Clefibric acid Clorophene Ibuprofen .
+ DTXSD2042004 DTXSID : OTXEID 0asdid DTXSID : STXSI02021088 DTXSID : DTXEID1040847 DTXSID : CTXSD80201 82 DTXSID : DTXSIDSL20752 RIChman et al'l 2022
CASRN : 503-22-7 CASRN : 82210-367 CASRN : 832-0%-7 CASRN ; 7120-32-1 CASRN : 15687271
TTTTTT TOXCAST TOXCAST: 1.23% OXCAST : 11,403 (CAST : 3577282 OXCAST : 27/650
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Data Devel tF k
Source Release Fate and Transport Receptor
Increasing )
Complexity Production Behavior Physiology =~ Biomonitoring
Volume Property-based
Sectorof Use partitioning B Body weights
Resolution by Time-activity data Body surface area
i Function Consumer productuse Tissue volumes Occurrence
Function . - Foodintake GFR
. Characterization o Characterization of : . :
Resolution by - . Geospatial location Hepatocellularity
indoor large regional
Product Industry Industry environment cgrr?-.pa:fnems
category Release by Characterization of Pooled
. : population mean 00
_ Release during facility . P; lpmat'on ; Characterization of o measurements
Specific process product use Release by WA W S—00r local environments Characterization of cohort
. process environment or demographic group
Specific product
. - Characterization of
Specific facility Emlss_lon from ;e;e:;:ct: Occurrence in Occurrence in Susceptible Groups I
articles indoor media environmental media Quantlta_twe .
Compartment of Characterization of coni::?\::':;::s n
Quantitative release Quantitative Quantitative individual
concentrationsin  Quantitative volumes ||  Quantitative Quantitative concentration in concentration in \ J
¥ products used/stored volumes/rates  volumes/rates indoor media environmental media [
'k J- Modeling l
B Near-field | _ Quantitative exposure *
Modeling estimate Evaluation

B Far-field
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Exposure continuum provides framework
Consistent with NAS guidance for organization, useability, and
access

Includes advanced

* Informatics, data-mining, machine learning

e Data infrastructure for collection, organizing, and integration
Receptor oriented / near field data especially valuable

Exposure Databases developed
e ChemExpoDB , CPDat (pionisio et al., 2018), MIMDB (isaacs et al., 2022), and CvTdb

(Sayre et al., 2020)
Future research to address occupational settings, chemicals in

consumer articles
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« Informatics approaches and a custom document
management/curation application are being used
to obtain and curate chemical use descriptor
information from thousands of public documents

» Consumer product ingredient data (composition),
functional use information, general chemical use
keywords

* 600K+ products
» >35K unique chemicals
« >45K functional use records (91 unique functions)
 Extraction and curation of chemical and product
data via reproducible script-based methods

(including natural language processing) or manual
tools

« QA/audit trail tools

* Data released to CompTox Chemicals Dashboard
and in bulk as CPDat

» Data also forms basis for Quantitative Structure-
Use Relationships (QSURS)

Example Data Development Research Effort

Evaluation of Ergonomics,
Chemical Exposures, and

Physicalha

Dionisio et al. Sci Data 5:180125 (2018).

- Ventilation at Four Nail Salons AR AT
T T p— | SCIENTIFIC D AT A
March 2019
500K+ RaW Data Descriptor: The Chemical and
. Products Database, a resource for
PUbIlC exposure-relevant data on
chemicals in

Documents A, Pt . e, Cisopha . G,
https://comptox.epa.gov/dashboard/

QA: Composition - Ext. Script

Custom
Curation
Application

Dec&ng Future 1-28-2020
QA Group: Declare Living Future 1-28-2020.157
o ce

QA Summan, y: Church & Dwight

CompTox Chemicals Dashboard
- Search 1,200,060 Chemicals

https://comptox.epa.gov/dashboard
/

/\
=, USE
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* |dentifies chemicals without a priori
knowledge or standards

* Applications =2 source to dose
 Source: household (& recycled products
* Environmental: house dust & water filters
* Dose: blood & placenta

e Research focused on obstacles to broad

adoption (urrich et al., 2019)

* Methods development

*  Workflows

 Web resources

* Enhancing transparency & reproducibility
* Building communities of practice

Analytical Instruments

e chemicia
( ”/)i\

| P
thcps://connaiox.epa.gov/

BP4NTA

BENCHMARKING AND PUBLICATIONS
FOR NON-TARGETED ANALYSIS

Comp. Tools & Workflows



https://nontargetedanalysis.org/
https://comptox.epa.gov/dashboard
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Example NTA Research

100~

10—1 J

10—2 J

10—3 i

10744

Predicted mM Concentrations

10—5_

Predicted Concentrations
Known Concentrations
Prediction Bounds
Surrogate Compound

Groff et al., in preparation

Tentatively Identified Chemicals

||||||||

Analysis of Brita filter extracts via
GC-HRMS

Single surrogate selected and applied
to all identified analytes
Concentration estimates can be
above or below true value

Prediction intervals used to bound
concentration estimates

% prediction intervals shown; Can
use 95%, 99%, 99.9%, etc.
Tentatively identified compounds
ranked by upper-bound estimates
Upper-bound estimates compared to
level-of-interest to set priorities
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Mechanistic

description of the
built environment
and exposure -

M 1 processes, including 1 Full exposure
Source-to-receptor exposure modeling is the prop i assessment
. . . . . temporal variability ‘%’_ T irst-tier Description of
ultimate application and integration of 3 assessment/ popuetionr recapor
. _§ - . uaﬁ'/.iﬂf eening ehavior
computational exposure elements Mg

Systematic Empirical Evaluation of Models W
. . EG'SJ}JQS,OEQ}";Z-,? m'
e \ncre“sm

(SEEM) is a consensus modeling approach for
intake rate (mg/kg/day) (Wambaugh et al., 2013) ‘é Level of aggregation

across sources, pathways,

NHANES biomonitoring key: Uncertainty and cenario

quantified and balanced with data inputs /
model parameterization : jﬁj ; gﬁ Eﬁﬁﬁ%ﬁ éﬁ%
! é Stanfield et al., 2022

g
Intake rates have been estimated for hundreds
of thousands chemicals — mostly data poor
Complementary toxicokinetics modeling is a
key consideration allowing linkage between

exposure estimates and in vitro bioactivity data

(Breen et al., 2021) Chemicals Monitored by CDC NHANES

Administered Equivalent Dose or
Predicted Exposure (mg/kg BW/day)
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Evaluate Model Performance and Refine NAMs

N Estimate

g
= F— Database of s Apply calibrati
Ienl:e echn qu Traditional Open-Source S models pply calibration
Analysi g : i
Consensus Modeling of Median Chemical Intake for the U.S. Observations Across T . I\I/<S'ts o L and eStI,mated
. OOIKI © .
Eo;l)uIaLtl}:])n BasJedAojr:r Prfﬂchn:)n: :fBExposuII;e P:t;wlaysp . All Available § -« Different unc.ertamt.y to
t, tt t ter Fant Q i~
Lei Hu. mg %\m“tm K. Isaacs,* H r Jolli t’ Kather A Phillips, 'ggl yl S: Pnce Chem|ca|s % . Chemicals ChemICa|S WIthOUt
Hyeong-Moo Shin,"® John N. Wes tg ate,” R. Woodrow Setzer,” and John F. Wambaugh*" E A tradltlonal data
N

—

Available NAMs and Descriptors

e Consensus of 12 different models and other
exposure predictors

. . Mechanistic / New Approach
* Exposure pathway(s), median intake rate, and Statistical / Machine Methodologies and
] . . Learning M9d6|5 for Che.mlcal Stru<.:ture-
credible interval for each of 687,359 chemicals Prediction Derived Descriptors

with structures available from the CompTox

Chemicals Dashboard are estimated

* 30% low probability for exposure via any of the four
pathways

* 95% confidence that the median intake rate is below 1
ug/kg BW/day for 474,572 compounds



Cross-Cutting

Ensure methods and approaches produce results:

Accessible Consistent with NAS (2017) Using 21st Century Science
. to Improve Risk-Related Evaluations
F |t fO I p ur p ose Analyses should be carried out in transparent
. . and replicable ways to ensure credibility and to enhance
Effe Ct'Ve Iy commun |CatEd review and acceptance of findings for decision-making.
Open data access might be critical for ensuring transparency.
Transparent

Reproducible
Inform health-protective risk assessment  (Fiess for Purpose )
Uncertainty & variability captured
Garners confidence

(Independent Review)

Human
Biological
Relevance

Framework for Establishing
Scientific Confidence in NAMs

Technical

Data Integrity
Characterization and Transparency

Source: van der Zalm et al., 2022
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* Exposure science is rapidly evolving from its industrial hygiene roots
* Expanding scientific scope
* Responding to wicked/complex environmental challenges
Chemical exposure presented as case example
* Habitable planet boundary exceeded
* Number of chemicals in commerce vasty out-paces traditional approaches to
assessment
EPA developing computational exposure science strategies to address challenge
Integrated elements to computational exposure
Chemical curation
Data development / non-targeted analysis

° Modeling Accelerating the Pace of Chemical Risk Assessment
* Build confidence A P( : RA & 9
* Delivering

* Rapid exposure estimates at scale of chemicals in commerce

 Data and model estimates that are transparent, accessible, quantified
uncertainty/variability

* Integrated workflow with hazard for high throughput risk estimation
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