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1) Understanding causes       
of disease

“…70-90% of disease risks are                                               
probably due to differences in                                       
environments”

Exposure Science in the 21st Century:
What are Key Drivers?

2) Ensuring chemical safety     
and human/eco health

Slide from Sobus
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Comparing Analysis Approaches
• Targeted Analysis:

- We know exactly what we’re looking for
- 10s – 100s of chemicals
- <<1% of the exposome

• Suspect Screening Analysis (SSA):
- We have chemicals of interest
- 100s – 1,000s of chemicals
- ~5-10% of the exposome

• Non-Targeted Analysis (NTA):
- We have no preconceived lists
- 1,000s – 10,000s of chemicals
- 90-95% of the exposome
- In dust, soil, food, air, water, products- potential 

exposure source for plants, animals, and 
humans

Slide from Sobus, Williams
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General Goals of SSA/NTA

- 1 Dust Sample
- Negative Ionization Mode
- 300 Extracted “Molecular 

Features”

1) Prioritize “Molecular Features”

2) Correctly assign formulas

3) Correctly assign structures

4) Identify chemical sources

5) Predict chemical concentrations

C17H19NO3 12 µg/g

(1)

(2) (3) (4) (5)
EXPOSURE
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Analytical Instruments Comp. Tools & Workflows

Databases

The General Approach
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Analytical Instruments Comp. Tools & Workflows

Databases

The General Approach



CompTox Dashboard
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https://comptox.epa.gov
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C10H14N2

Batch Search for SSA/NTA



MS-Ready Structures improve database 
searching

8/19/18
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Data Source Ranking for Identification 
in SSA/NTA

• Mass and/or formula 
unknown to a researcher, 
contained within a 
reference database

• Most likely candidate 
chemicals have the most 
references/sources

8/19/18

C14H22N2O3
266.16304

Chemical 
Reference 
Database

Sorted 
candidate 
structures



• On same 162 chemicals, 
Dashboard outperforms 
ChemSpider
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Increasing Data Streams to Improve 
Identifications

• US EPA CompTox Dashboard Data Sources (DS)
• PubChem Data Source Count
• PubMed Reference Count
• Presence in STOFF-IDENT Database
• Predicted Environmental Media Occurrence
• CPDat Product Occurrence Count
• OPERA PhysChem Properties
• NORMAN Network Priority List
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All available via Batch Search:
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Identification ranks for 1783 chemicals using 
multiple data streams
𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑆𝑆𝑆𝑆𝐷𝐷𝐷𝐷 + 𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃 + 𝑆𝑆𝑆𝑆𝑅𝑅𝑇𝑇 + 𝑆𝑆𝑆𝑆𝑃𝑃𝑇𝑇 + ⋯
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Linking exposure potential and bioactivity for 
prioritization
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CPCat terms can 
inform source



Dashboard in SSA/NTA Workflows

Identification by Data 
Source Ranking

Retention Time 
Prediction

MS/MS Data and 
Fragmentation 
Prediction

Environmental Media 
Occurrence

Functional Use/Product 
Occurrence

8/19/18

CompTox
Dashboard



Future Directions

• Media occurrence prediction models
• Combined data visualization
• MS/MS match score calculations via the Dashboard
• Retention time index (RTI) predictions
• Ongoing expansion of the database
• Integration to public MS databases
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Library 
Fragmentation 
Spectra (20eV)

Observed 
Fragmentation 
Spectra (20eV)

Match 
Score

MS/MS Spectral Matching for Identification
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# Identified % of Total
#1 Hits 89 43%
Top 5 154 74%
Top 10 174 84%
Top 20 190 91%

# Identified % of Total
#1 Hits 154 74%
Top 5 195 94%
Top 10 198 95%
Top 20 202 97%

CFM-ID only CFM-ID +DSSTox Data Sources

CASMI Contest Challenge Set (n=208)

Predicted MS/MS Spectral Matching for Identification



Conclusions 

• CompTox Dashboard provides access to a wealth of 
chemistry data that can be leveraged for exposure 
analyses

• NTA/SSA using the Dashboard results in high 
performance of identifications

• New data streams and predictions linked within the 
Dashboard further enhance NTA/SSA capabilities
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Questions?

• mceachran.andrew@epa.gov
• http://orcid.org/0000-0003-1423-330X
• Associated presentations:

–ANYL 100: Developing tools for high resolution mass 
spectrometry-based screening via the EPA’s CompTox
Chemistry Dashboard 

–ENVR 152: EPA Comptox Chemistry Dashboard as a data 
integration hub for environmental chemistry data

–AGRO 107: Consensus ranking and fragmentation prediction 
for identification of unknowns in high resolution mass 
spectrometry 
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