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~15 Years of Exposomics… How Far Have We Come
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What Are Exposomics Researchers Studying?

Figure adapted from: Wild CP. Int. J. Epidemiol. 2012 Feb;41(1):24-32
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What is Different About Exposomics?
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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

Exposomics
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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



Drivers for Bottom-Up Exposomics
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• Measurement data needed to ensure chemical safety
• Characterize risk
• Regulate use & disposal
• Manage human & ecological exposures
• Ensure compliance under legal statutes

Chemical Monitoring Needs

Exposure

Assessment

Dose-

Response

AssessmentRisk

Characterization

Hazard

Identification



Data Disparity: Have vs. Need
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• High-quality monitoring data are unavailable for most chemicals

• Measurement data traditionally generated using “targeted” methods

• Targeted analytical methods:

- Require a priori knowledge of chemicals of interest
- Produce data for few selected analytes (10s-100s)
- Require standards for method development & compound quantitation
- Are blind to emerging contaminants
- Can’t keep pace with the needs of 21st century chemical safety evaluations

Challenges with Targeted Monitoring
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Rapidly screen 
for “knowns”

Discover 
“unknowns”

Uncover historical 
exposures

Generate source 
fingerprints…

Non-Targeted Analysis for Bottom-Up Exposomics
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- 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!

Vanguard NTA Project
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Additional Uses of NTA Data

Use Category Example Applications Stakeholders

Sample Classification

- Classify locations impacted by point-source emitters
- Classify locations impacted by inadvertent environmental releases
- Classify exposure status for active or former military personnel
- Classify food items not meeting criteria for product certification

- EPA, USGS
- FEMA, EPA
- DoD, VA
- FDA, NIST

Chemical Identification

- Identify natural or synthetic chemical nerve agents
- Identify chemicals associated with product-related illness
- Identify chemicals released in emergency response scenarios
- Identify designer drugs used for athletic performance enhancement

- DHS, CDC
- CPSC, FDA
- FEMA, EPA
- DEA, FDA

Chemical Quantitation

- Assess occupational health risks from exposure to fire-fighting foams
- Assess consumer health risks from exposure to household products
- Assess ecological health risks from exposure to urban wastewater
- Assess maternal and infant health risk from exposure during pregnancy

- NIOSH, DoD
- CPSC, EPA
- USGS, EPA
- NIEHS, EPA



• Tremendous variety of methods, tools, and terminology

• No reference methods; No reporting standards

• Limited means to assess method performance

• No performance benchmarks for credentialing/certification

• Limited ability to perform quantitative evaluations

• Limited integration across ‘omics domains

• Informatics challenges & data analysis bottlenecks
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Barriers to Widespread Implementation of NTA
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2015 
2016 

2018 

EPA/ORD Has Taken a Leadership Role…
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…and Helped Build the BP4NTA Workgroup

https://nontargetedanalysis.org/

https://nontargetedanalysis.org/


• Tremendous variety of methods, tools, and terminology

• No reference methods; No reporting standards

• Limited means to assess method performance

• No performance benchmarks for credentialing/certification

• Limited ability to perform quantitative evaluations

• Limited integration across ‘omics domains

• Informatics challenges & data analysis bottlenecks
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Barriers to Widespread Implementation of NTA



• NTA studies are increasingly complex
• Copious details to report and review
• No standardized procedures
• Questionable research reproducibility

• The NTA SRT Win/Win/Win/Win  
• Authors  clear expectations
• Reviewers  clear guidance
• Editors  defensible decisions
• Community  better science
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A Need for Guidance on NTA Study Reporting
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1st BP4NTA Product: The Study Reporting Tool
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BP4NTA Product: The Study Reporting Tool

Generally Good 
Reporting Areas

Reporting Areas 
in Need of 

Improvement?

Peter et al. DOI: 10.1021/acs.analchem.1c02621



• Grassroots growth via BP4NTA member reviews
• Initial journal deployment via special issue
• Refinement in coordination with partner organizations
• Refinement in response to user input
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Next Steps for the SRT



• Tremendous variety of methods, tools, and terminology

• No reference methods; No reporting standards

• Limited means to assess method performance

• No performance benchmarks for credentialing/certification

• Limited ability to perform quantitative evaluations

• Limited integration across ‘omics domains

• Informatics challenges & data analysis bottlenecks
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Barriers to Widespread Implementation of NTA



• Methods exist to communicate confidence in chemical identifications
• But how often is a reported ID correct?
• How do we measure correctness?
• What level of correctness is acceptable?
• How can we monitor performance in perpetuity?
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A Need for Materials/Methods to Assess 
Performance

1131 current citations
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ENTACT (Part 1) Materials and Design

Ulrich et al. 2019. DOI: 10.1007/s00216-018-1435-6   
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ENTACT Participants
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Sobus et al. 2019. DOI: 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 
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Substance Spiked?

True Positives 
(≤ 65%)

False 
Positives?

False Negatives 
(≥ 35%)

True 
Negatives?

EPA Lab Results

LC-QTOF HRMS
(ESI+ and ESI-)
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Evaluation Tools Must Be Used With Caution

How do we appropriately handle true negatives?
How do we efficiently differentiate FPs from unintentional true positives?

Fisher et al. In preparation
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Bubble Size 
How many observed?

X-Axis
How often correct?

Y-Axis
How consistent?

Metrics (all %):

Cross-Lab ENTACT Results (to date…)



• Finalize BP4NTA-recommended evaluation methods
• Apply recommended methods to final ENTACT data
• Report first NTA performance benchmarks
• Develop framework for method review & accreditation
• Develop 1st wave of NTA reference methods
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Next Steps for Performance Evaluation



• Tremendous variety of methods, tools, and terminology

• No reference methods; No reporting standards

• Limited means to assess method performance

• No performance benchmarks for credentialing/certification

• Limited ability to perform quantitative evaluations

• Limited integration across ‘omics domains
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Barriers to Widespread Implementation of NTA



29McCord et al. DOI: 10.1016/j.envint.2021.107011

Quantitative NTA (qNTA) Workflow

Step 1Step 2
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qNTA Requires Surrogate Calibrants

Fisher et al. In preparation



• Multiple methods for choosing a surrogate calibrant
• Single surrogate (i.e., an “average” responder)
• Structurally similar surrogate

• Nearest neighbor (e.g., based on elution time)
• Within chemical class
• Based on calculated similarity (e.g., Tanimoto index)
• Based on known parent/metabolite relationship

• Model-predicted value (e.g., based on expected ionization efficiency)

• Prediction error within and between chemicals
• Affected by sample & batch correction techniques
• Affected by surrogate selection techniques
• Consider all error when estimating confidence intervals for individual predictions
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Considerations for Surrogate Calibration
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Confidence intervals used to bound 
concentration estimates.

95% confidence 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.

Groff et al. in preparation

Concentration estimates can be 
above or below true value.

Analysis of Brita filter extracts via 
GC-HRMS.

qNTA Proof-of-Concept

Single surrogate selected and 
applied to all identified analytes
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Conceptual Model for Rapid Risk Evaluation

McCord et al. DOI: 10.1016/j.envint.2021.107011

Read-across techniques 
must be applied to estimate 
the bioactivity of novel 
analytes

New recovery estimation 
techniques will be needed 
to generate matrix-specific 
estimates of concentration



• Develop optimized algorithms for selection/use of qNTA surrogates
• Develop strategies to identify/procure qNTA training mixtures
• Develop approaches to consider uncertainty associated with recovery
• Develop pipelines to link qNTA estimates with in vitro bioactivity data
• Develop workflows to implement read-across for novel analytes
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Next Steps for qNTA and Rapid Risk Evaluation



• Tremendous variety of methods, tools, and terminology

• No reference methods; No reporting standards

• Limited means to assess method performance

• No performance benchmarks for credentialing/certification

• Limited ability to perform quantitative evaluations

• Limited integration across ‘omics domains

• Informatics challenges & data analysis bottlenecks
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Barriers to Widespread Implementation of NTA
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Preeclampsia Study Proof-of-Concept

183 molecular 
features with 
differential abundance 
across preeclamptic 
and normotensive 
groups

Endogenous 
metabolites are 

most closely linked 
to multi-omic

changes (i.e., DEG, 
DMG, DEMs) 
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Preeclampsia Study Proof-of-Concept

Chao et al. Submitted. EPA/UNC/Agilent Collaboration

Chemical analytes can 
be further studied 

based on associations 
with mRNAs, miRNAs, 

and CpG sites
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Preeclampsia Study Proof-of-Concept

Chao et al. Submitted. EPA/UNC/Agilent Collaboration

Patterns observed for 
chemical knowns offer 
insights into the origin 
and function of 
unknowns



• Tremendous variety of methods, tools, and terminology

• No reference methods; No reporting standards

• Limited means to assess method performance

• No performance benchmarks for credentialing/certification

• Limited ability to perform quantitative evaluations

• Limited integration across ‘omics domains

• Informatics challenges & data analysis bottlenecks
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Barriers to Widespread Implementation of NTA
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Informatics Tools/Workflows in Development 

Example Inputs:
- Experimental NTA data files
- QA/QC “tracer” files
- Parameters for data cleaning
- Parameters for database searching

Example Outputs:
- QA/QC reports
- Cleaned files for statistical analyses
- Cleaned files with tentative chemical IDs
- Cleaned files with priority chemicals

Example Users:
- EPA/ORD NTA staff
- EPA state, regional, tribal partners
- Local, state, federal rapid response teams 
- EPA grantees and academic partners
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• The number of labs performing NTA will increase dramatically
• The variety of methods/tools will continue to expand (near term)
• Copious qualitative exposure data will be generated for known chemicals
• New environmental contaminants will be identified with increasing frequency
• Associations between stressors and stress-response markers will be discovered
• For defensible implementation, the research community should strive to:

• Develop/implement reference methods and performance benchmarks
• Develop defensible strategies that bound quantitative predictions

• Full realization of NTA as an exposomic tool will rely on multi-omic strategies
• Lurking challenges relate to experimental design and computational analysis

The Future of NTA and Bottom-Up Exposomics



NTA SRT: K. Peter (NIST), A. Phillips, P. Gardinali (FIU), A. Knolhoff (FDA), C. Manzano (SDSU), K. Miller, 
M. Pristner & B. Warth (U. of Vienna), L. Sabourin & M. Sumarah (Agri-Food Canada), J. Sobus

ENTACT: E. Ulrich, J. Sobus, A. Chao, A. Williams, J. Grossman & R Singh (ORISE), C. Grulke, A. Richard 

qNTA: J. McCord, L. Groff, H. Liberatore, S. Newton, J. Sobus

Multi-Omics: A. Chao, J. Grossman (Agilent), C. Carberry (UNC), Y. Laic (UNC), A. Williams, J. Minucci, 
S. Purucker, J. Szilagyi (UNC), K. Lu (UNC), K. Boggess (UNC), R. Fry (UNC), J. Sobus, J. Rager (UNC)

NTA Informatics Toolkit: A. Chao, J. Minucci, M. Boyce (ORISE), T. Purucker, D. Smith, C. Lowe, L. 
Groff, A. Williams, H. Al Ghoul (ORISE), J. McCord, J. Sobus
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Contributing Researchers
(EPA affiliation unless otherwise noted)



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
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