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Chemical safety evaluations require an improved 
understanding of chemical exposure scenarios and pathways

High-priority exposure data needs  consumer products, 
indoor environments, occupational settings, 
ambient environments, ecological pathways

Stakeholder Needs
(OCSPP; EPA Regions)
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Challenges

• High-quality exposure data are unavailable for many 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
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Rapid Exposure Modeling and Dosimetry Output 2.7: 

Develop, evaluate, and apply non-targeted analysis (NTA) 
methods, alongside targeted monitoring methods, to identify 

critical sources and pathways of human and ecological exposures

Research Objective

Key Question: 
Are NTA methods suitable to meet the needs of 

21st century chemical safety evaluations?
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General NTA Workflow Steps 
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Ongoing Research Activities

• Evaluate NTA State-of-the-Science
- EPA’s Non-Targeted Analysis Collaborative Trial (ENTACT)

• Develop and Disseminate Guidance Materials
- Benchmarking and Publications for NTA (BP4NTA)

• Build Tools to Ensure Transparency & Reproducibility
- NTA Study Reporting Tool (NTA SRT)
- EPA NTA Web Application (NTA WebApp)

• Address Priority Data Needs with Proof-of-Concept Applications
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Evaluating NTA Science-of-the-Science

• How variable are tools and results from lab to lab?
• Are some methods/workflows 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
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ENTACT Study Design (Part 1)

• ~30 global participants, 19 results submitted to date
• 10 synthetic mixtures of ToxCast substances (n=1269)

Replication in 
substance spikes 
offers a unique 
means to assess 

NTA method 
reproducibility!

Ulrich et al. 2019. doi: 10.1007/s00216-018-1435-6   
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Bubble Size 
What % observed?
(of those spiked)

X-Axis
What % correct?
(of those observed)

Y-Axis
What % consistent?
(of those correct)

Metrics:

Performance Comparison Across Methods
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Take-Away Messages from ENTACT
(to date…)

• Lack of transparency in methods/results reporting
• Method procedures change over short time increments
• Biased self-reporting  highlight strengths, mask weaknesses
• Blinded ToxCast mixtures allow for NTA performance assessment
• Standard performance measures highly variable across labs/methods
• Standard performance assessment methods/benchmarks must be adopted
• Benchmarks require input/consensus from NTA community
• Community focus must be on QA/QC and guidance (and innovation)
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Developing and Disseminating 
Guidance Materials

• BP4NTA  Borne out of 2018 ENTACT workshop

• ~100 U.S. and international members
- Government, academia, and industry

• Working Group Objectives:
- Short term  define common NTA terms, concepts, and performance metrics
- Short term  provide recommendations on research & reporting best practices
- Long term  establish proficiency testing levels (ASTM/ISO)

• Products (including 3 manuscripts):
- Website with key resources and links: https://nontargetedanalysis.org/
- Guidance documents with definitions & supporting info
- “NTA Study Reporting Tool” to standardize reporting (proposals & manuscripts)

https://nontargetedanalysis.org/
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Building Tools to Ensure 
Transparency & Reproducibility

The “NTA Study Reporting Tool” (NTA SRT):
• Standardized framework for reviewing quality of NTA reporting
• Aids NTA study design and review (proposals & manuscripts)
• Follows chronology of typical NTA studies with detailed examples
• Scale-based scoring (numeric & colorimetric) for individual study attributes
• HTML interactive version via BP4NTA website (hyperlinks  supporting docs.)
• Fillable PDF version available for download (via website)
• Comment box for periodic updates/revisions (via website)
• Working with journal editors for initial testing and deployment
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NTA Study Reporting Tool (draft version)
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Hyperlinked 
(HTML version) 
to supporting 
information

Space for 
reviewer to 

explain 
assigned 

score

Rationale/NotesStudy Sections & 
Categories

Example Information 
to Report

Numeric & 
Colorimetric 

Scoring

3-4 bullet point examples for each of the 13 
sub-categories

Not exhaustive – intended to guide reviewers; 
relies on reviewer expertise/discretion.
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Building Tools to Ensure 
Transparency & Reproducibility

The EPA NTA WebApp:
• Queries NTA data against DSSTox DB (~900K substances)
• Aggregates metadata to aid candidate prioritization
• Calculates match metrics to aid candidate filtering 
• Provides interactive visualization of chemical candidates
• Processes data for advanced statistical analyses
• Standardizes and documents procedures for NTA data analysis
• Adheres to recommendations from BP4NTA workgroup
• Produces publication-ready output in accordance with NTA SRT
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EPA’s NTA WebApp

WebApp Input:
- Experimental data files
- Tracer (QA/QC) files
- Parameters for data cleaning
- Parameters for DB searching

WebApp Output:
- QA/QC tracer results 
- Cleaned, unannotated file for stats analysis
- Cleaned, annotated file with DSSTox chemicals
- Complete file with all chemicals & metadata
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Addressing High Priority Data Needs 
with Proof-of-Concept Applications

• Characterizing chemical contents of products (including UVCBs)

• Characterizing data-poor xenobiotics in biological tissues & fluids

• Identifying xenobiotic metabolites produced from in vitro assays

• Developing semi-quantitative (SQ) methods for risk-based interpretation

• Characterizing emerging contaminants in Brita filters (SQ proof-of-concept)

• Developing a framework for rapid response NTA
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Prediction intervals used to bound 
SQ 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.

Priority compounds further 
examined using targeted methods. Groff et al. in preparation

SQ NTA Proof-of-Concept

Concentration estimates can be 
above or below true value.

Analysis of Brita filter extracts via 
GC-HRMS.
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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
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