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SEPA Exposomics:
A Paradigm Shift for Exposure and Health Sciences
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SEPA
15 Years Later... How Far Have We Come?
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SEPA .
What Are Researchers Studying?
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What is Different About Exposomics?

The "Omics Realm
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Exposomics is the one ‘omics discipline that puts focus on external exposure

The inherent promise of Exposomics is therefore health protection & disease prevention




SEPA .
Exposomics Approaches

Top-Down Exposomics Bottom-Up Exposomics

Exposure Science and the Exposome:
An Opportunity for Coherence in the
Environmental Health Sciences

Paul J. Lioy Stephen M. Rappaport
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Measure Important Exposures Measure Important Exposures in All
Within the Receptor Relevant Media

Figure adapted from: Rappaport SM. J Expo Sci Environ Epidemiol. 2011 Jan-Feb;21(1):5-9



SRR Challenges with Top-Down Efforts

Challenges:
1) Always retrospective (start with adverse outcome)
2) Requires relevant banked samples (intra-individual variability)
3) Difficult to show causation

4) Signals of stressors can be low in blood

Potential Positive Outcomes: Identifying the most important exposures doesn’t require

1) Biomarkers for early detection waiting for an adverse outcome
2) Drugs for early treatment




SEL .. Rationale for Bottom-Up Efforts
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The free chemical database
We touch them,
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But which ones should
we worry about?
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How Cosmetics and
Personal Care Products
Endanger Your Health ...

And What You Can Do About It
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SEL .. Rationale for Bottom-Up Efforts
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SER... The Era of High-Th rcugh put Assessments
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* Well-known chemicals
e 100s - 1,000s (e.g., NHANES)
* Quality exposure data

= Known but data-poor chemicals
e 1,000s - 1,000,000s (e.g., TSCA)
* Limited exposure data

Non-Targeted
AnaIyS|s (NTA)
" | |

* Chemicals not yet known to exist

e Unknown #
* No exposure data




- Typical Targeted Analysis Workflow

Standards/Samples Lab Analysis Calibration Quantitation




Simplified NTA Workflow
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1) Prioritize “molecular features”
2) Correctly assign formulas

3) Correctly assign structures

4) Predict chemical concentrations
5) Determine chemical sources
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Integration
Framework

Sample Analysis via NTA Methods

Instrument 1
(GC-based)
/\A

Instrument 2
(LC-based)
/\A

Journal of Exposure Science & Environmental Epidemiology (2018) 28:411-426
hittps://doi.org/10.1038/541370-017-0012-y
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Integrating tools for non-targeted analysis research and chemical
safety evaluations at the US EPA

Jon R. Sobus' - John F. Wambaugh? - Kristin K. Isaacs’ - Antony J. Williams® - Andrew D. McEachran® -
Ann M. Richard? - Christopher M. Grulke? - Elin M. Ulrich! - Julia E. Rager®® - Mark J. Strynar' - Seth R. Newton'
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Abstract

Tens-of-thousands of chemicals are registered in the U.S. for use in countless processes and products. Recent evidence
suggests that many of these chemicals are measureable in environmental andfor biological systems. indicating the potential
for widespread exposures. Traditional public health research tools, including in vivo studies and targeted analytical
chemistry methods, have been unable to meet the needs of screening programs designed to evaluate chemical safety. As
such, new tools have been developed to enable rapid assessment of potentially harmful chemical exposures and their
attendant biological responses. One group of tools, known as “non-targeted analysis” (NTA) methods, allows the rapid
characterization of thousands of never-before-studied compounds in a wide variety of environmental, residential. and
biological media. This article discusses current applications of NTA methods, challenges to their effective use in chemical
screening studies, and ways in which shared resources (e.g.. chemical standards, databases, model predictions, and media
measurements) can advance their use in risk-based chemical prioritization. A brief review is provided of resources and
projects within EPA’s Office of Research and Development (ORD) that provide benefit to, and receive benefits from, NTA
research endeavors. A summary of EPA's Non-Targeted Analysis Collaborative Trial (ENTACT) is also given, which makes
direct use of ORD resources to benefit the global NTA research community. Finally, a research framework is described that
shows how NTA methods will bridge chemical prioritization efforts within ORD. This framework exists as a guide for
institutions seeking to understand the complexity of chemical exposures, and the impact of these exposures on living
systems.

Keywords Non-targeted analysis + Suspect screening * Exposome = ENTACT
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Bottom-Up Methods Identified Most
Important Exposures!
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“The novelty of nontarget analysis, particularly its analysis of all compounds, and successful
current lack of implementation by regulatory agencies, nontargeted screening will require the development
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assurance and quality control (QA/QC) procedures.” through interlaboratory collaborations.”
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SE ... EPA Takes a Leadership Role
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Non-Targeted Analysis Workshop 2016...
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The U.S. Environmental Protection Agency (EPA) will host the Non-Targeted Analysis Workshop Related Topics: Science Matters CONPETLS  SHARE @ @ @

i EPA’s ENTACT Study Breaks New Ground with
Non-Targeted Research

Published July 30, 2018
2018...

EPA scientists are leading a multi-phase project to evaluate the ability of

non-targeted analysis laboratory methods to consistently and correctly

E ﬂVI r.O n m e n J[a | P r-ote Cﬁ O n Age n Cy identify unknown chemicals in samples. EPA’s Non-Targeted Analysis

Collaborative Trial (ENTACT) was formed in late 2015 and includes nearly

( E PA) 2 O 1 8 BY August 13-15,2018 30 academic, government, and industry groups. Non-targeted analysis

involves analyzing water, soil and other types of samples to identify

EPA 2018 unknown chemicals that may be present, without having a preconceived

. . o R
The US. Environmental Protection Agency (EPA) hosted a workshop www.eventbrite.com/e/us- idea of what chemicals may be in the samples.
focused on EPA's Non-Targeted Analysis Collaborative Trial (ENTACT). epa-2018-non-targeted-

.- ) . analysis-collaborative- . X X . o . .
ENTACT was designed to assess the characteristics and performance research-trial-eniaeis One of our main goals is to figure out what scientists are doing with non-
of cuttine-edee non-targeted an i (NTA) methods using a set of workshop-tickets- targeted analysis as a group at large, particularly which chemicals we

& =4 & ] y = 34838702497

correctly identify and why,” says Elin Ulrich, an EPA scientist who co-leads

ENTACT with EPA’s Jon Sobus.
(® Durham, NC, USA

highly controlled synthetic mixtures and reference samples. This
workshop brought together ENTACT participants, NTA experts, and
key stakeholders to discuss findings from ENTACT, as well as next
steps for the NTA research community.



e SCiENCE Questions for the Research Community
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 How variable are tools and results from lab to lab?
« Are some methods/tools better than others?
 How does sample complexity affect performance?
« What chemical space does a given method cover?
 How sensitive are specific instruments/methods?

EPA’s Non-Targeted Analysis Collaborative Trial



SRR Original ENTACT Concept
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10 Synthetic Mixtures:
1,269 Unique ToxCast Substances
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LC-QTOF HRMS:
Data Dependent Acquisition

Metabolomics (2015) 11:98-110
DOL 101007511 306-014-06T6-4
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Competitive fragmentation modeling of ESI-MS/MS spectra
for putative metabolite identification
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Felicity Allen - Russ Greiner - David Wishart
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o — NTA and Exposomics Moving Forward...

e Exposomics Litmus Test:

o

Definitely Not -: :- Definitely
Exposomics Exposomics

* Does it advance knowledge of the totality of exposures?

* If focused on measurements, is it non-targeted (or “untargeted”)?
* If external, can measures be quantitatively linked to a receptor?
* |f internal, can measures be linked to a source?

* Good examples of exposomics research should be featured
* Integrated studies (external and internal) should be encouraged
* Explicit curricula should be developed and disseminated
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