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Presentation Outline

• The Exposome: State-of-the-Science

• Top-Down vs. Bottom-Up Exposomics

• Bottom-Up Exposomics for Ensuring Chemical Safety 

• Non-Targeted Analysis (NTA) within EPA’s ORD

• Efforts to Evaluate and Harmonize NTA Methods

• Perspectives for the Future of Exposomics



Exposomics:
A Paradigm Shift for Exposure and Health Sciences

Exposomics : Online DatingTraditional Research : Courtship :: 



15 Years Later… How Far Have We Come?
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What Are Researchers Studying?

Figure adapted from: Wild CP. Int. J. Epidemiol. 2012 Feb;41(1):24-32
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The ’Omics Realm

Proteomics

Metabolomics

Genomics
Transcriptomics Epigenomics 

Lipidomics 

Adductomics

Exposomics is the one ‘omics discipline that puts focus on external exposure

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

What is Different About Exposomics?

Exposomics



Exposomics Approaches

Measure Important Exposures in All 
Relevant Media

Bottom-Up ExposomicsTop-Down Exposomics

Measure Important Exposures 
Within the Receptor

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



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:
1) Biomarkers for early detection
2) Drugs for early treatment

Identifying the most important exposures doesn’t require 
waiting for an adverse outcome



Rationale for Bottom-Up Efforts
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Rationale for Bottom-Up Efforts
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The Era of High-Throughput Assessments

Chemical Identification 
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The Era of High-Throughput Assessments
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Guided and/or enhanced by 
Measurement Data!!



The Need for Chemical Measurement Data

▪ Well-known chemicals

• 100s - 1,000s (e.g., NHANES)

• Quality exposure data

▪ Known but data-poor chemicals 

• 1,000s - 1,000,000s (e.g., TSCA)

• Limited exposure data 

▪ Chemicals not yet known to exist

• Unknown # 

• No exposure data

Targeted Analysis

Non-Targeted 

Analysis (NTA)



Standards/Samples Lab Analysis Calibration Quantitation
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1 Sample

1 Ionization Mode

300 Extracted “Molecular Features”

1) Prioritize “molecular features”

2) Correctly assign formulas

3) Correctly assign structures

4) Predict chemical concentrations

5) Determine chemical sources

C20H26O4

12 µg/mL

(1)

(2)

(4)

(5)

Samples

High-

Resolution MS

(3)

Simplified NTA Workflow



Integration 
Framework



Initial Application of Framework

- Dust from 56 Households 
- 3,228 Chemical Candidates
- Prioritization via ExpoCast & Tox21
- Standards acquired for 100 priority candidates
- 33 compounds confirmed
- 45% never before associated with house dust

Research Highlights:

Bottom-Up Methods Identified Most 
Important Exposures!



Building an NTA Research Program
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“The novelty of nontarget analysis, particularly its

current lack of implementation by regulatory agencies,

has prevented the establishment of streamlined quality

assurance and quality control (QA/QC) procedures.”

“No single analytical technique is suitable for the

analysis of all compounds, and successful

nontargeted screening will require the development

of multiplatform approaches, facilitated and validated

through interlaboratory collaborations.”

NTA State-of-the-Science 



EPA Takes a Leadership Role

2015… 

2016… 

2018… 



• 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

Science Questions for the Research Community



Original ENTACT Concept



Chemicals from ToxCast Library

10 Mixtures 
(100-400 chemicals each) Multi-Well Plates*

Reference & Fortified House Dust

Reference & Fortified Human Serum

Reference & Fortified Silicone 
Wristbands

ENTACT Part 1 ENTACT Part 2

1st: Blinded analysis

2nd: Unveiling of chemicals

3rd: Unblinded evaluation

~25 Collaborators & 5 Contractors*:

~1200 ToxCast Chemicals 

(highest quality)



Contractors: Vendors:

General Participants:

19 Blind

submissions

15 Unblinded

submissions

Who is Working on ENTACT?



Sobus et al. 2019. https://doi.org/10.1007/s00216-018-1526-4

Spiked Substances → ~1,200

Observed Features → ~26,000 

Real Features → ~12,000

Noise/Artifacts→ ~14,000 

True Positives → ~1,000

False Positives? → ~11,000 

True Positives 
(≤ 65%)

False 
Positives?

False Negatives 
(≥ 35%)

True 
Negatives?

Yes No

Ye
s
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?
EPA Lab Results

LC-QTOF HRMS

(ESI+ and ESI-)



Cross-Lab Comparison
Obs. = 69%
ID’d = 5%

Obs. = 45%
ID’d = 37%

Obs. = 42%
ID’d = 33%

Obs. = 39%
ID’d = 21%

Obs. = 22%
ID’d = 17%

Obs. = 21%
ID’d = 14%
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d

 #

Not ObservedObserved

3% Observed by All 6 Methods

12% Not Observed by Any Method

…

…

3 Labs, 6 Methods, All LC-HRMS



Evaluating In Silico Spectra with ENTACT Data

Fragmentation 
Prediction Model

Training Set

DSSTox structures DSSTox MS2 
spectra

Top 
Reference 

Library 
Match

Top in 
silico 

Library 
Match

Not Top Match

377 ENTACT Compounds 
with MS2 Spectra



ENTACT Publications to Date



Future Focus Areas Within EPA/ORD

Semi-Quant. NTA: 

ENTACT Data (ESI+); n= 544 compounds 

NTA for UVCBs: 

2.5th = 0.05 97.5th = 5
5× over-est.20× under-est.

Complex Mixture Data (ESI+) 



NTA and Exposomics Moving Forward…

• Exposomics Litmus Test:

• 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?
• If 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

Definitely 
Exposomics

Definitely Not 
Exposomics
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Questions?

The views expressed in this presentation are those of the 
author and do not necessarily represent the views or policies 

of the U.S. Environmental Protection Agency.

sobus.jon@epa.gov


