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Motivation: Chemical Pollution is an Important Threat to Public Health

* Pollution is known to be a leading public L i Gk lain

health threat tlon

Nearly 92 percent of pollution-related deaths occur in low-income
and middle-income countries. Children face the highest risks
because small exposures to chemicals in utero and in early childhood
can resultin lifelong 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. 3 X
That is 16 percent of all global deaths.

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

Air pollution and climate change are closely
linked and share comimon solutions.

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

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,

AR\ 2hn school THE LANCET GAHP

Mount GLOBAL ALLIANCE oN

Sinai HEALTH AND POLLUTION

Source: Landrigan et al. 2017
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Motivation: Chemical Pollution is a Major Threat to Public Health

A large proportion of the environment-
attributed disease is of unknown etiology

@ PLOS | one

Genetic Factors Are Not the Major Causes of Chronic Diseases

Cumulative percent
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. O Other
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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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Motivation: Chemical Pollution is a Major Threat to Public Health

Numbersof pollution-relateddeaths
includedin GBD estimates by zone

fonel
Well characterised

Zone 1: 50 million healtheffects of
well studied pollutants.
] : Df::taareinclu.ded?nEBD
e Effects likely underestimated / mess e s et
 Exposure and effects are poorly — / Zone2
ONE ~-None Emerging, butstill unquantified, health effects

GBD estimatesorin this report.

u nderStOOd SLE=El / of known pollutants. Dataarenotincluded in

Zone3
Zone 3:none Inadequately characterised health effects of emerging
at present pollutants. Dataarenot induded in GBD estimates orin this report.

Figure 3: The pollutome
Source: Landrigan et al., 2017
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Motivation: Managing the Enormous Number of Chemicals in Commerce

 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 Chemical 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)

e 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 approaches of assessment are needed

#HISES2022LIBSON
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Motivation: Threat to a Habitable Planet

* Need for 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).

* Production and releases of novel entities outstrips global
capacity for assessment and monitoring (persson et al. 2022).

e 4 PFAS (FPOA, PFNA, PFHXS, PFOS) exceed planetary
boundary for chemical pollution (cousins et al. 2022)

Source: Rockstrom et al. 2009
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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 —— e S S A S S LS S
science greatly accentuates the complexity The integration of advances in chemistry, computer
* Data & models interdependent / highly integrated (nas, ?) SCIence, mathematics, Stsieg ?-‘*'fj"%ﬂ“—‘-’f’fﬂ-”'f"l
e Modeling provides the only practical means to achieve “bb va b t:m
Defining characteristics bt st ool wodtetis sver
X Predictive and antiropogenic chemicals in the ‘onment
. Rapid (Egeghy etal., 2016.)
* High-throughput ST I T T T T S T ST T LT
* Results in closure of knowledge/time gap supporting risk

management decisions
Part of larger research effort known as NAMS wambaugh

et al.)
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Computational Exposure Research Elements

e Chemical Curation

 Data Development
* Data curation of public sources
* Non-targeted Analysis (NTA) methods

Modeling

Development e

Cutting

Chemical
® IVIOde|ing Curation
* Cross-Cutting
* Uncertainty
e Confidence b&mputer&Data Sciepzé
* Access R R LT

#ISES2022LIBSON



LISBONyPORTUGAL

INTERNATIONAL SOCIETY OF EXPOSURE SCIENCE — 2022 ANNUSASESNIFEESTS N

Chemical Curation

 Defining characteristics (9
* Most comprehensive accounting of anthropogenic e W e

&

=

]

k-9 istryDash

& che™ Soary &8/ &

chemical landscape, i.e., 1.2 M chemicals &

‘ ] ] 7%, e Chemistry Dashboard o &#5
 Chemical ID, structure, and meta data highly quality = | E=——Tofherli =« Ea /
€ SLS ACToR  Aggregated Public Data
a S S U re d 1 ﬁ List 4 cpPpat & Consumer Products & Categories,
S ol .- - . Functit:rnr:r! UseIDcrta
* Accessibility for computational, regulatory, public use ’ HIR = ’f‘iﬁfjﬁfa e 1
* Foundational resource serving to integrate and g\ g eerimenta & bota
enable exposure elements as well as linkages to 3| 5s ey C-ﬁﬂjg:;;;ww

_r Chemistry Core
i Predictive Models

Substances

hazard and risk

* Future plans
 Continued expansion to include polymers, mixtures, and

ill-defined substances
 Continued expansion based on non-targeted analysis Eareneeaneteases s ios ety

discovery #ISES2022LIBSON
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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) ® Clarlty Of po”uta nts |S

| relevant to Clean Water Act

g © * Important implications for

+[a - T T E=ED © human exposure & risk
reports

. A L o
- ® G () * Provides context for

2,2'4,5,6-Pentachlorobiph... Monochlorobiphenyls Chlorobenzilate 2,2',4,5-Tetrachlorobiphenyl Anhydrotetracycline 2,2',3-Trichlorobiphenyl

| e interpreting risk
e Listincludes 726 chemicals /
. P f\:j&? o~ o | concentrations for 484

 Replaces standalone biennial

Richman et al. 2022

Tylosin Diethyl hydrogen phospha... Ofloxacin Clofibric acid Clorophene Ibuprofen
DTXSID : CTXS103043606 DTXSID : OTXEID1 084400 DTXSID : OTXSICa0s108s DTXSID : DTXEID1040857 DTXSID : CTXSD50201584 DTXSID : DTXSIDS020752
SRN : *&£01-80-0 CASRN : 553-02-7 CASRN : 32419-26-1 ASRN ; £22-0%-7 CASRN : 120-32-1 CASRN : 13567-27-
TOXCAST: TOXCAST: TOXCAST : 1,225 TOXCAST : 11/212 TOXCAST : 221/7250 TOXCAST : 27/£50

o~ e B -, B #ISES2022LIBSON
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Data Development

Exposure continuum provides framework
Consistent with NAS guidance for
organization, useability, and access

Includes advanced
Informatics, data-mining, machine learning ...
» Dta infrastructure for collection, organizing, and
Integration
Receptor oriented / near field data especially

valuable

Exposure Databases developed
ChemExpoDB, CPDat, MMDB, and CvTdb

Future research to address occupational
settings, chemicals in consumer articles

Industry

Specific process

used/stored

Release by

process

release

large regional

local environments

Occurrence in

concentration in

LISBONyPORTUGAL

Receptor

Physiology Biomonitoring

Foodintake

Geospatial location

individu

eeeeeeeeeeee
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Example Data Development Research Effort

www.nature.com/scientificdata

- Data Descriptor: The Chemical and
Products Database, a resource for
. exposure-relevant data on
chemicals in consumer products

017 -

© Kathie L. Dionisio®, Kather hllps ul 5. Price’, Chri stoph r M. Grulke?,
.....
""""""""""""""" © Ant v_.rw'llams Derya Br\_.rl | Tao H g&Kst n K. Isa

Dionisio et al. Sci Data 5:180125 (2018).
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Non-Targeted Analysis (NTA)

Analytical Instruments Comp. Tools & Workflows

* |dentifies chemicals unknow (emerging)
and without standards

* Application source to dose
 Source: household pnitips et ai, 2018)
& recycled products (cowe et at, 2021)
* Environmental: house dust (rager et a, 2016)
e & water filters wewton etal, 2018)
* Dose: blood phitipsetar, inprep) & placenta (rageretal,

Chemical Database

2022 “"" @asalh[b@@ﬁ'
e Research focused on obstacles to broad | //\\ :
ttps. compjc-_ox.epa.gov
adoption

e Methods development

Workflows

* Web resources

* Enhancing transparency & reproducibility
* Building communities of practice

BPANTA

BENCHMARKING AND PUBLICATIONS
FOR NON-TARGETED ANALYSIS #ISES2022LIBSON
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Example NTA Research Demonstration

Predicted mM Concentrations
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Predicted Concentrations
# Known Concentrations
Prediction Bounds
® Surrogate Compound

Groff et al. in preparation

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Tentatively Identified Chemicals

qNTA Proof-of-Concept

@ Analysis of Brita filter extracts via
GC-HRMS.

o 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.

® 95% prediction intervals shown;
Can use 99%, 99.9%, etc.

@ Tentatively identified compounds
ranked by upper-bound estimates.

@ Upper-bound estimates compared to
level-of-interest to set priorities.

LISBONyPORTUGAL
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Mechanistic
M O d e I I n g description of the
built environment
orosesses tnouding AR Full exposure
Ultimate application and integration of pons b, Ul

bl First-tier Iy
Description of

computational exposure elements assessment/
£ . « o , ey ioﬁ'/icreemng behavior
 Approach is Systematic Empirical Evaluation of prioritizati ”

. . . YG
Models (SEEM); NHANES biomonitoring key \ /
* Uncertainty quantified and balanced with data e /
inputs / model parametrization .

* Exposure estimated for ten/hundreds of " andscenarios
thousands chemicals — mostly data poor

temporal variability

Increasing Complexity

* Toxicokinetics modeling is a key consideration § ? | %ﬁ? _%%é%%ﬁ : E-*&@ﬁ
allowing linkage between exposure estimates <% F .g[ﬂéﬂaéﬁ EE AT RIS
and in vitro bioactivity data g 20 |5 s wng et (2017
crg =
£ 8

Chemicals Monitored by CDC NHANES
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Exa m p I e Resea rc h Evaluate Model Performance and Refine NAMs

N

«1 Estimate
o . 3
" Standardized Database | Uncertainty Calibrate
ers - S . :
guence“[" Jﬂgu S of Traditional OF":” Tou.rce models Apply calibration
i nalysis . $
Consensus Modeling of Median Chemical Intake for the U.S. Observations Across All Toolykrt 'OQ \ and eSt|mated
Population Based on Predlctions of Exposure Pathways i g — . "
I(: }_l[ e L. Rl %< _]K IA A::;, ol DJl” l‘H }13( me AI e “l Eg gIlyli e F tke,° Avallable Chemlcals g S €& leferent unc-ertalnt'y to
e Joh 1 el e tondrer ot o . Wb 2 chemicals without
o
=
-

* Chemicals *s
traditional data

N

Available NAMs and Descriptors

* Exposure pathway(s), median intake rate, and
credible interval for each of 687,359 chemicals with

- . Mechanistic / Statistical ME Appr.oach
structures available from the CompTox Chemicals P — Methodologies and
. .. emica ructure-
Dashboard are estimated inget . 2017) MOEEOTFIECIcion Derived Descriptors
* 30% low probability for exposure via any of the four
pathways

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

#ISES2022LIBSON
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Cross-Cutting

Ensure methods and approaches produce results:
Accessible
Transparent
Reproducible
Inform health-protective risk assessment
Uncertainty & variability captured
Garners confidence

LISBONyPORTUGAL

Need Image
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Summary
 Computational exposure new approach methods critical to:
* Protect public health & environment
 Keep pace with chemicals in commerce
* Protect habitable planet

* |ntegrated elements to computational exposure
* Chemical curation
» Data development / non-targeted analysis Need Image
* Modeling
* Build confidence
* 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

#HISES2022LIBSON
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QUESTIONS / DISCUSSION

#ISES2022LIBSON
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