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Key Drivers for 21st Century Exposure Science

1) Understanding causes of disease

“…70-90% of disease risks are    

probably due to differences in    

environments”

2) Ensuring chemical safety



Office of Research and Development2

~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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For Which Chemicals Must We Assess Exposure?

▪ 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)
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Standards/Samples Lab Analysis Calibration Quantitation
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Targeted Analysis for Quantitation of Knowns
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NTA for Chemical Discovery

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)
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Atom
Natural

Abundance
Exact Mass

1H 99.9885% 1.007825
2H 0.0115% 2.014102
12C 98.93% 12.000000
13C 1.07% 13.003355
14N 99.632% 14.003074
15N 0.368% 15.000109
16O 99.757% 15.994915
17O 0.038% 16.999131
18O 0.205% 17.999159
19F 100% 18.998403
32S 94.93% 31.972072
33S 0.76% 32.971459
34S 4.29% 33.967868
36S 0.02% 35.967079
35Cl 75.78% 34.968853
37Cl 24.22% 36.965903

How does High Resolution MS Work?
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Example: Fipronil

Molecular Formula: C12H4Cl2F6N4OS

Monoisotopic Mass: 435.938706

= (12.0000*12 Carbon) + (1.007825*4 Hydrogen) + 

(34.968853*2 Chlorine) + (18.998403*6 Fluorine) + 

(14.003074*4 Nitrogen) + (15.994915*1 Oxygen) + 

(31.972072*1 Sulfur)

Mass Spectrum
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• Exposure surveillance

• What chemicals are in water, products, dust, blood, etc.?

• Chemical prioritization

• What are relevant chemicals & mixtures?

• Exposure forensics

• What are chemical signatures of exposure sources?

• Biomarker discovery

• What chemicals are associated with health impairment?

NTA Applications at EPA
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19% of chemicals 

identified by NTA are on 

consumer product 

chemical lists

Exposure Surveillance for Consumer Products
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Chemical Prioritization for Drinking Water

Top 20 Priority 

Compounds

Top 100 Priority Compounds
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Exposure Forensics for Recycled Products
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Biomarker Discovery for Placenta Samples 

Different Environmental 
Exposures

The Placental Exposome 
(via LC-HRMS)

Altered Cell Signaling

Preeclampsia

Impaired Angiogenesis

29 in controls 508 in cases

Collaboration with J. Rager (UNC Chapel Hill) and J. Grossman (Agilent)
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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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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
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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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Who is Working on ENTACT?

Contractors: Vendors:

General Participants:

19 Blind 

submissions

15 Unblinded 

submissions
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Spiked Substances → ~1,200

Observed Features → ~26,000 

EPA Results for 10 Synthetic Mixtures

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



Office of Research and Development20

Real Features → ~12,000

Noise/Artifacts→ ~14,000 

EPA Results for 10 Synthetic Mixtures

Sobus et al. 2019. 
https://doi.org/10.1007/s00216-018-1526-4
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True Positives → ~1,000

False Positives? → ~11,000 

EPA Results for 10 Synthetic Mixtures

Sobus et al. 2019. 
https://doi.org/10.1007/s00216-018-1526-4
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1,269 Spiked Substances

GC = gas chromatography

ESI- = neg. electrospray ionization 

(liquid chromatography)

ESI+ = pos. electrospray ionization 

(liquid chromatography)

Method Comparison (n=3 methods)

Ulrich et al. 2019. https://doi.org/10.1007/s00216-018-1435-6
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Publications to date
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• 21st century exposure science demands higher-throughput monitoring techniques

• HRMS enables rapid chemical characterization in all tested media

• NTA methods represent a viable “first-pass” monitoring solution
• Methods must be selected and implemented with care

• Not a panacea, but a means of collecting provisional exposure data

• NTA well-suited for current “research” endeavors
• Much more evaluation needed to establish “reference” methods

• Successful implementation requires close coordination between
• Analytical chemists

• Environmental/exposure modelers

• Cheminformaticians

• Programmers/Developers

• Subject matter experts

• and others…

Summary and Conclusions
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Questions?

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.

sobus.jon@epa.gov


