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~70,000 Chemicals on the TSCA 
Inventory

Risk
Evaluation

High-Throughput Risk Characterization

Risk-Based
Prioritization

▪ Many industrial & commercial chemicals are covered by the

Toxic Substances Control Act (TSCA), which is

administered by EPA.

▪ TSCA updated in June 2016 to allow risk-based

evaluation of existing and new chemicals.

▪ Characterization of risk requires exposure and hazard data.

▪ EPA’s Office of Research and Development (ORD) is

developing new approach methodologies (NAMs) for rapid

risk characterization.

▪ NTA is a promising NAM, but requires careful evaluation

and implementation
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NTA State-of-the-Science

“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.”
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Key Research Needs

- 18 Institutes

- 12 Countries

- 1 river water extract

- Workflows & Methods:

- Analytical → well harmonized

- Data processing → not harmonized

Clearly expressed needs for:

1) More tightly defined interlaboratory comparisons

2) The use of spiked samples

3) The shared use of comprehensive suspect lists
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EPA/ORD Takes a Leadership Role
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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?

Science Questions for Research Community

EPA’s Non-Targeted Analysis Collaborative Trial
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Original ENTACT Concept



Office of Research and Development8

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)
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Design of ENTACT Mixtures
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 SOPs for sample handling, analysis, and data submission

 Procedures used for sample preparation

 Up to 16 samples with eventual (unblinded) chemical mappings

MS-Ready DSSTox list (671,852 unique) with .mol files

MS-Ready ToxCast list (4,248 unique) with .mol files

Method and Data reporting templates 

 FTP site, accounts, and instructions

Resources Provided to Participants
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EPA Methods for ENTACT Mixtures
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EPA Analysis Workflow

Sample Preparation
3 Dilutions, 3 Replicate Injections, 6 Blanks

Peak Picking & Alignment
Agilent MassHunter Profinder Software

Formula Assignment
Agilent Mass Profiler Professional Software,

DSSTox Unique MS-Ready Formula List

Feature Filtering & Flagging
Custom Script:

Blank Subtraction, Fold-Change Thresholds, 
Formula Match Score Cut-Off

Candidate Structure Selection
EPA CompTox Chemicals Dashboard:
Batch Search, Data Source Ranking

Chemical Structure Corroboration
LC-QTOF/HRMS: 

DDA MS2 Using Preferred Ions List,
Agilent Reference MS2 libraries

Sample Analysis
LC-QTOF/HRMS: ESI+ and ESI-, MS1
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By Feature (total = 26K) By Substance (total = 1,269)

< 5% of Observed 

Features Matched to a 

Spiked Substance

~ 75% of Spiked 

Substances were 

Observed

EPA Initial Results

*Only 48% of ENTACT substances were in reference MS2 library
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McEachran, Andrew D., et al. Scientific data 6.1 (2019): 1-9 

Allen, Felicity, et al. Metabolomics 11.1 (2015): 98-110.

Fragmentation 
Prediction 

Model

Training Set:
Metlin MS2 spectra 

and structures 

Machine Learning

DSSTox MS-Ready 
Structures
(~765,000)

DSSTox MS2 
spectra

(10, 20, 40v)

Generation of in silico Spectra

CFM-ID v2.0
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MS2 Library 

% of “Pass” 

Compounds 

Identified

Agilent PCDL 53%

CFM-ID Top Hit 50%

PCDL and/or 

CFM-ID Top Hit
73%

Reference vs. in silico Library Coverage

PCDL → Agilent reference MS2 library

“Pass” compounds (n=377) → ENTACT 

chemicals observed with MS2 data
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Who Else is Working on ENTACT?

Contractors: Vendors:

General Participants:

19 Blind 

submissions

15 Unblinded 

submissions
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Comparing Reported Features (n=16 labs)

Ulrich et al. 2019. https://doi.org/10.1007/s00216-018-1435-6

= under reported

= near actual 

= over reported 

NR = not reported 
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1,269 Spiked Substances

GC = gas chromatography

ESI- = neg. electrospray ionization 

(liquid chromatography)

ESI+ = pos. electrospray ionization 

(liquid chromatography)

Comparing Identified Compounds (n=3 labs)

Ulrich et al. 2019. https://doi.org/10.1007/s00216-018-1435-6
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Experiments with SRM Dust

Extraction

Extraction

Extraction

Newton et al. [in preparation]

1) 

2) 

3) 

4) 

: Solvent spike 

(best case)

: Post-extraction 

high spike

: Pre-extraction 

high spike

: Pre-extraction 

low spike 

(ENTACT sample)
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Experiments with SRM Dust

Chemical 
Class

All Reported 
Compounds

Reported 
Using LC-ESI

Observed 
Using NTA

PAHs 69 0 0

PCBs 44 0 0

PFAS 31 31 12

BFRs 30 3 0

OCPs 15 0 0

OPEs 12 9 4

Phthalates 7 0 2

Total 208 43 18

Results for Unfortified SRM Dust

* “..the dose that would be needed in the most-sensitive 5% of the population to

produce a steady-state plasma concentration equal to [the 10th] percentile of the

ToxCast AC50 distribution across assays for the given chemical.”

Ring et al.: https://doi.org/10.1016/j.envint.2017.06.004
Newton et al. [in preparation]
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Publications to date
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• NTA methods are suitable for detecting many ToxCast chemicals

• False positives can greatly outweigh true positives
• False Pos / True Pos ~ 10×

• Work needed on feature credentialing

• True Positives: ≤75%
• Will miss some chemicals that are present in samples

• Why? Which ones? Always?

• Multiple methods required for broad characterization
• No “one size fits all” method

• Subtle method changes affect measurable chemical space

• Concentration, media, and extraction techniques will affect performance

• Goal reached when we can make these statements:
• “When a compound is observed, we’re confident it’s really there!”

• “When a compound isn’t observed, we’re confident it’s not there!”

Summary of ENTACT Findings
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▪ Full cross-lab performance evaluation

• Primary focus → true positives, false negatives, confidence levels

• Secondary focus → unexpected true positives

▪ Database development

• Enable user queries, additional analyses, model development

▪ Global summary report

• Provide guidance and acceptance criteria for NTA studies

▪ The benefits of ENTACT will be proportional to the level of effort!

Ongoing and Future Work
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Questions?

sobus.jon@epa.gov

The views expressed in this presentation are 
those of the authors and do not necessarily 
represent the views or policies of the U.S. 

Environmental Protection Agency.


