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CompTox Chemicals Dashboard

• Structure standardization is essential for the Dashboard
• Standardization underpins many pieces of functionality
• “MS-Ready” structures are the foundation of our support 

for mass spectrometry
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Different flavors of standardization

• We have standardization approaches at 
the time of chemical registration

• Our ChemReg system is based on 
ChemAxon tools so we have SMILES 
standardization and both Jchem InChIs 
and StdInChIs are generated

• But we also add “QSAR- and MS-Ready” 
structures based on OPERA
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OPERA 

• Originally developed by Kamel Mansouri 
while he was postdoc’ing at EPA
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OPERA has standardization
https://github.com/kmansouri/OPERA 

• OPERA is open source and under maintenance 
and expansion with new data and models 
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OPERA standardization

• QSAR-Ready standardization is to support 
QSAR modeling – i.e., remove stereocenters, 
desalting, ignore multicomponent chemicals

• MS-Ready is a derivative work of QSAR-Ready 
and has different rules for processing chemicals 
ESPECIALLY for multi-component chemicals 
and the handling of certain organometallics 
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“MS-ready” 
structures
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Overview of MS-Ready Structures

• All structure-based chemical substances are 
algorithmically processed to
– Split multicomponent chemicals into individual structures
– Desalt and neutralize individual structures 
– Remove stereochemical bonds from all chemicals

• MS-Ready structures are then mapped to 
original substances to provide a path between 
chemicals detected by mass spectrometry to 
original substances
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MS-Ready Mappings from 
Details Page 
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MS-Ready Mappings 
Set of substances for “PFOS” 
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MS-Ready mappings support 
structure identification

• Mass spectrometry detects single components and is 
non-stereospecific so all multi-component forms of 
PFOS are “equivalent” for detection

• Not all forms of PFOS are equivalent in commerce, or 
availability of data, literature, and standards

• Mass/formula searches find the component.MS-Ready 
mapping finds everything with the component
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MS-Ready Structures for  
Formula Search
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MS-Ready Mappings 

• EXACT Formula: C10H16N2O8: 4 Hits 
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MS-Ready Mappings 

• Same Input Formula: C10H16N2O8 
• MS Ready Formula Search: 125 Chemicals 
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MS-Ready Mappings

• 125 chemicals returned in total
– 9 of the 125 are single component chemicals
– 4 of the 125 are isotope-labeled

• Multiple components, stereo, isotopes and 
charge all mapped through MS-Ready
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Batch Searching  
mass and formula
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Batch Searching

• Singleton searches are useful but we work 
with thousands of masses and formulae!

• Typical questions
– What is the list of chemicals for the formula CxHyOz

– What is the list of chemicals for a mass +/- error
– Can I get chemical lists in Excel files? In SDF files?
– Can I include properties in the download file?
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Batch Searching Formula/Mass
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Searching batches using MS-Ready 
Formula (or mass) searching
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Building a New 
Standardizer
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Standardization rules are imperfect 

• We have found multiple examples of 
where standardization rules need to be 
optimized and tweaked – not just for MS 
but also for chemical registration
– Tautomer handling
– Salt handling – especially C-Metal bonds
– Multi-component systems – removal of solvents
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Proof-of-concept standardizer

• The EPA Cheminformatics Modules are 
proof-of-concept tools to test approaches

• Five modules at present
– Hazard comparison module
– Structure/substructure/similarity searching
– Batch QSAR prediction for property and toxicity
– Application of “ToxPrint chemotypes” 
– Structure Alerts
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The Standardizer PoC Module
https://www.epa.gov/chemical-research/cheminformatics
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Standardizer

• Inorganic detection PLUS curation interface
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Standardizer – MS and QSAR-Ready

• Neutralization
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Standardizer – MS and QSAR-Ready

• Neutralization
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Stereo Removal
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Stereo Removal
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• Cross-bond 
depiction 
required 

improvement



Rules can be defined
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MS-Ready Exclusions
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Tautomers
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Break Salts
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Neutralize and Deradicalize
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Markush structure handling

34



Work in Progress

• Validation study comparing OPERA with new 
standardizer for both QSAR and MS-Ready
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DIFFERENCES are of interest
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Develop standard Tautomer Sets
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• Tautomeric standardization will benefit our 
mappings within the registration system

• Specifically useful for our project to merge 
and assemble public domain data 



MS-Ready Data feed our 
in silico predictions
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An integration hub for MS data

• In order to support our non-targeted analysis 
we are presently building:
– The NTA WebApp for data processing and preparation 

before using our cheminformatics platforms
– Processing 1.2M substances into MS-Ready structures to 

generate CFM-ID calculations
– Assembling public domain data and mapping to our 

database – MassBank.eu and MassBank.us, SpectraBase
– Building a cheminformatically enabled methods database
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Building a Methods Database

• Simple Vision: I want to find the best 
method(s) associated with a chemical (class)

• The Approach:
– Aggregate MS method documents
– Extract chemistry (mostly CASRN and Names)
– Map CASRN and Names to structures
– Search a database by names and synonyms, CASRNs, 

InChIKeys and ultimately structure
– “I cannot find my chemical in any method” –

CHEMINFORMATICS can help….

40



Where are there methods?

• 900 method documents
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Other Methods…
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Regulatory Methods
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Structure Standardization is KEY

• To pull data together across public MS 
spectral databases, and build an integrated 
MS methods database, requires structure 
standardization and lots of CURATION

• We will unveil the results of this effort at the 
ACS Spring meeting in 2023

• Watch this space
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Conclusion

• Dashboard access to data for ~906k chemicals with 
MS-Ready data facilitating structure identification

• Related metadata facilitates candidate ranking
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• We need to continue to tweak 
and modify MS-Ready through 
new rules

• PoC standardization module 
allows us to have multiple rule 
sets and adjust to research 
performance

• MS-ready rules and generation service will all be 
publicly available for people to re-use
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