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Thousands of Unique PFAS



RCF2CFR'R" (R cannot be H)



How Can We Form a Greater Understanding of 
this Broad Chemical Category?



Why Categories?
• “Use Categories” could show how these effect 

the environment etc (surfactants)

• Specific groupings of structures seem to 
exhibit specific adverse effects C6-C8 chains 
for instance in literature

• The presence of certain functional groups 
sulfonyls and phosphates as well also effect 
adverse outcomes

• We can build categories for the breadth of 
byproducts, breakdown products, 
alternatives, and scaffold structures



Previous Attempts at Categorization



What Do We Need From Categories? 
• Structure-Based
• Useful categories that reflect:

• Adverse outcomes
• Environmental outcomes
• Byproducts
• Others

• Reproducible
• Easy to use
• Enables Automation & 

Cheminformatics application



Molecular Fingerprints

MACCS ECFP Toxprints
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Output:



Toxprints
• 729 fragments
• PFAS substructures
• Good functional groups
• Some scaffolds



WHAT PFAS 
CONCEPTS ARE 
MISSING?
• FLUORINATED RINGS
• BRANCHING
• MULTIPLE R GROUPS
• POLYFLUORINATION NOT 

CAPTURED WELL
• ALTERNATIVE 

HALOGENATION
• MANY FUNCTIONAL 

GROUPS
• SPECIFIC CHAIN 

LENGTHS



Time to Build Something New



CSRML:
• Chemical Subgraphs and 

Reactions Markup Language 
(CSRML)

• XML based language

• Supports connectivity and 
topology but also properties 
of atoms, bonds, electronic 
systems

• Reaction rules

• Freeware



INTERESTING 
THINGS ABOUT 
CSRML:
• HIERARCHY

• MULTIPLE DISTINCT 
SUB-STRUCTURES

• INTERESTING ATOM AND 
BOND TYPES
Ex: Ring & Chain Atom

• CUSTOMIZABLE ATOM AND 
BOND TYPES

• SPECIFIC CHAIN LENGTHS

• RANGES OF CHAIN LENGTHS



How These Were Built:
Structure Aggregation

• Searching Through literature to find interesting byproducts and 
structures

• Structures related to Adverse Outcomes
• Buck et al expert categories
• OECD category structures
• Missing OECD categories
• Once these were built I could filter out functional groups and structural 

groups and see what may still be missing
• Finally, generalized groups were added to capture broader categories



How Were These Built:
Programming Process

• Syntax similar to XML
• Loaded into an IDE
• Looked for similar structure to what I was 

interested in
• Examined code
• Repurposed it
• Tested it in the Chemotyper
• Resolved loading errors

• Once structures loaded correctly, checked 
against dataset of PFAS to see that they 
correctly captured intended chemical concept, 
and chemotype looked correct

• Eventually, understood CSRML well enough to 
construct new concepts

• Lastly, encoded the hierarchy



Some Things I Like



How to use these now?
No clue, ask me I guess. 
Lougee.Ryan@epa.gov



How to use these now?
Eventually here: https://toxprint.org/#ToxPrintChemotypes

Lougee.Ryan@epa.gov

https://toxprint.org/#ToxPrintChemotypes


OECD PFAS PROFILE



THANK YOU
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