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DSSTox Background

Goal: Linking data to chemical structures enabling SAR
• First release of data files in 2004
• Focused on high impact sets of data

• Carcinogenic Potency Database
• Drinking water disinfection by-products
• EPA’s Integrated Risk Information System
• FDA’s Maximum Daily Dose dataset
• EPA’s Fat Head Minnow Toxicity dataset
• ToxCast and Tox21 chemicals

• Currently contains: 876K records (32K manually curated)
• Check it out: https://comptox.epa.gov/dashboard
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https://comptox.epa.gov/dashboard


Non-Targeted Analysis PFAS Suspect Lists 
(Early 2017)

• Several PFAS chemicals have been 
reported in environmental media 
and biota

• Houde et al. 2011
• Post et al. 2012
• Long et al. 2013
• Lang et al. 2017
• Scher et al. 2018
• Etc…

• NORMAN Network surfaces lists of 
“Suspects” to support NTA and 
suspect screening 
(https://www.norman-
network.com/?q=node/236)

• PFASTRIER
https://comptox.epa.gov/dashboard/chemical_lists/pfastrier

• Supplied by: Xenia Trier et al
• Release date: November 2015
• Substance Count: 597
• Category Count: 119

• PFASKEMI
https://comptox.epa.gov/dashboard/chemical_lists/pfaskemi

• Supplied by: Swedish Chemicals Agency
• Release date: July 2015
• Substance Count: 2397
• Category Count: 31
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PFAS: EPA Cross-Agency Research List
(Late 2017)
https://comptox.epa.gov/dashboard/chemical_lists/epapfasrl

DTXSID Substance_Name Substance
_CASRN

Source_Name (incorrect or 
ambiguous)

Source_CASRN 
(incorrect or 
invalid)

Source_Acronym 
(incorrect or 
ambiguous)

Unique_Acronym

DTXSID20874028 2H,2H,3H,3H-Perfluorooctanoic acid 914637-49-3 5:3 Polyfluorinated acid 914637-49-3 5:3 acid 5:3 PFOA

DTXSID7027831 N-Methyl -N-(2-
hydroxyethyl )perfluorooctanesul fonamide

24448-09-7 N-Methyl  
perfluorooctanesul fonamideoethanol

NMeFOSE, MeFOSE NMeFOSE

DTXSID10892352 Perfluoro-2-{[perfluoro-3-(perfluoroethoxy)-
2-propanyl ]oxy}ethanesul fonic acid

749836-20-2 Ethanesul fonic acid, 2-[1-[di fluoro(1,2,2,2-
tetrafluroroethoxy)methyl ]-1,2,2,2-
tetrafluoroethoxy]-1,1,2,2-tetrafluoro

749836-20-2 PFESA Byproduct 2 PFESA Byproduct 2

DTXSID70892479 Perfluoropentanesul fonate 175905-36-9 Perfluoropentansul fonate 2706-91-4 PFPeS PFPeS_ion

DTXSID8071354 Ammonium perfluoropentanesul fonate 68259-09-6 Ammonium perfluoropentansul fonate 68259-09-6 APFPeS

DTXSID40881350 4,8-Dioxa-3H-perfluorononanoic acid 919005-14-4 2,2,3-Tri fluoro-3-(1,1,2,2,3,3-hexafluoro-3-
(tri fluoromethoxy)propoxy)propanoic acid

919005-14-4 ADONA ADONA parent acid

DTXSID00874026 Ammonium 4,8-dioxa-3H-
perfluorononanoate

958445-44-8 Ammonium 4,8-dioxa-3H-
perfluorononanoate

958445-44-8 ADONA ADONA

DTXSID3037707 Potass ium perfluorobutanesul fonate 29420-49-3 Potass ium perfluoro-1-butanesul fonate PFBS PFBS-K

DTXSID5030030 Perfluorobutanesul fonic acid 375-73-5 Perfluorobutanesul fonic acid 375-73-5 PFBS PFBS

DTXSID60873015 Perfluorobutanesul fonate 45187-15-3 Perfluorobutanesul fonate 375-73-5 PFBS PFBS_ion

DTXSID3040148 Perfluorodecanesul fonic acid 335-77-3 Perfluorodecanesul fonic acid PFDS PFDS

  

https://comptox.epa.gov/dashboard/chemical_lists/epapfasrl


 PFAS Standards library
(procurements in-process

 EPA’s proposed list for PFAS research
(exposure, occurrence, health data)

 PFAS Reference subset
(tiered toxicity & toxicokinetic testing)

PFAS Chemical Landscape:
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https://comptox.epa.gov/dashboard

EPA DSSTox Database: > 758K chemicals

 Chemical structures, downloadable files
 Predicted phys-chem properties
 External links & list overlaps

Per(poly)-fluorinated substances (PFAS)
 PFAS chemical names, acronyms, synonyms
 PFAS chemical structure categories

DSSTox-registered  >5000

~2000

~300

~200

~75 

 Attempt to procure 
(chemicals w/ structures)

 Spanning public lists
of interest to EPAPFAS substances

(>3 F, alkyl)Increased Q
uality Curation Level

PFAS Library and Chemical Selection

https://comptox.epa.gov/dashboard


Designing our library
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G. Patlewicz et al, Environ Health Perspect. 2019 Jan;127(1):14501 (link)

https://www.ncbi.nlm.nih.gov/pubmed/30632786
https://doi.org/10.1289/EHP4555


OECD PFAS List (Early 2018)

• Released May 2018
• Substance Count: 4729
• Category Count: 173  

7http://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/

http://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/


PFAS List Overlap
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PFASMASTER 
LISTS

PFASO
ECD

PFASKEM
I

PFASTRIER

EPAPFASRL

EPAPFASINV

EPAPFASINSO
L

EPAPFAS75S1

PFASOECD 4730 OECD PFAS List
PFASKEMI 2206 2396 KEMI (Swedish Chem Agency) PFAS List
PFASTRIER 493 578 592 Community PFAS List (2015)
EPAPFASRL 132 116 71 199 EPA PFAS Research List
EPAPFASINV 309 324 226 61 430 EPA PFAS Inventory (DMSO Soluble)
EPAPFASINSOL 43 42 24 12 0 43 EPA PFAS Inventory (DMSO Insoluble)
EPAPFAS75S1 51 47 38 25 74 0 74 EPA PFAS 75 Test Sample (Set 1)



PFAS “Categories”: Per & Poly-fluorinated 
alkyl substances
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• Expert-assigned PFAS categories – manual, subjective
– Buck et al. (DuPont), based on chemical & series informed by synthetic pathways 

(e.g., fluorotelomers)
– data-gathering, occurrence reports, ecotox
– OECD PFAS listing (>4500 chemicals) – manually assigned groupings

Expert category
Fluorotelomer acrylates
Fluorotelomer alcohols
Polyfluorinated alcohols
Fluorotelomer sulfonates
N-alkyl perfluoroalkyl sulfonamidoacetic acids
N-alkyl perfluoroalkyl sulfonamidoethanols
Perfluoroalkyl aldehydes
Perfluoroalkyl amides
Perfluoroalkyl carboxylates
Perfluoroalkyl acyl fluorides
Perfluoro vinyl esters
Perfluoroalkyl ketones
Semi-fluorinated alkenes
Perfluoroalkyl vinyl ethers
Perfluoroalkyl alkyl ethers
Fluorotelomer amines
Perfluoroalkyl sulfonamides
Semi-fluorinated alkanes
Perfluoroalkyl sulfonates
Perfluoroalkyl sulfonamido amines
Polyfluoroalkyl carboxylates
Perfluoroalkyl ethers
Fluorotelomer phosphates

Class Category_Name1 Category_Name2
Alcohol Fluorotelomer alcohols Fluorotelomer (linear) n:2 alcohols
Sulfonic Acid Perfluoroalkyl sulfonic acids Perfluoroalkyl (linear C4-C10) sulfonic acids



Expert-assigned OECD PFAS Categories, e.g.

 4730 PFAS in list
 173 expert-assigned categories 

under 8 general headings (bold)
 Broad “catch-all” terms (in red)
 Structural elements, but NOT 

structure-based
 Requires expert to assign new 

chemicals to categories

perfluoroalkyl carbonyl compounds CnF2n+1_C(O)_R
perfluoroalkyl carbonyl halides R = F/Cl/Br/I
perfluoroalkyl carboxylic acids (PFCAs), their salts and esters R = OH, ONa, OCH3, etc.
other perfluoroalkyl carbonyl-based nonpolymers to be refined
perfluoroalkyl carbonyl amides / amido ethanols and other alcohols R = NH2, NH(OH), etc.
perfluoroalkyl carbonyl (meth)acrylate R = R'_OC(O)CH=CH2
perfluoroalkyl carbonyl (meth)acrylate polymers
1-H perfluoroalkyl carboxylic acids H(CF2)nCOOH
perfluoroalkane sulfonyl compounds CnF2n+1_S(O)(O)_R
perfluoroalkane sulfonyl halides R = F/Cl/Br/I
perfluoroalkane sulfonic acids (PFSAs), their salts and esters R = OH, ONa, OCH3, etc.
perfluoroalkane sulfonyl-based nonpolymers
per- and polyfluoroalkyl ether-based compounds CnF2n+1_O_CmF2m+1_R
per- and polyfluoroalkyl ether sulfonic acids (PFESAs), their salts 
and esters, as well as derivatives CnF2n+1_O_CmF2m+1_SO3H
fluorotelomer-related compounds
perfluoroalkyl iodides (PFAIs) CnF2n+1_I
n:2 fluorotelomer-based non-polymers CnF2n+1_C2H4_R, to be refined



Definitions of PFAS
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OECD Per & Polyfluorinated Substances (PFAS)

1016 polymers/mixtures
3714 structures
C3F6  C83F97

#F = 5-97
F/C Ratio [0.22-3]
Mass [162-3378]

DSSTox Structure Filters 

Query DSSTox (>750K substances) 
for procurements

– no aromatic or cyclic moieties
– no metals or inorganics
– >3 Fluorines



Grouping and Linking Chemicals in 
DSSTox
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DSSTox Chemical Lists



PFAS Lists on the Dashboard
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https://comptox.epa.gov/dashboard/chemical_lists/?search=PFAS 

https://comptox.epa.gov/dashboard/chemical_lists


Manually Defined Relationship Creation
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Example Manual Linkages
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Markush Record Creation
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Translating Expert Categories to Markush
Expert category
Fluorotelomer acrylates
Fluorotelomer alcohols
Polyfluorinated alcohols
Fluorotelomer sulfonates
N-alkyl perfluoroalkyl sulfonamidoacetic acids
N-alkyl perfluoroalkyl sulfonamidoethanols
Perfluoroalkyl aldehydes
Perfluoroalkyl amides
Perfluoroalkyl carboxylates
Perfluoroalkyl acyl fluorides
Perfluoro vinyl esters
Perfluoroalkyl ketones
Semi-fluorinated alkenes
Perfluoroalkyl vinyl ethers
Perfluoroalkyl alkyl ethers
Fluorotelomer amines
Perfluoroalkyl sulfonamides
Semi-fluorinated alkanes
Perfluoroalkyl sulfonates
Perfluoroalkyl sulfonamido amines
Polyfluoroalkyl carboxylates
Perfluoroalkyl ethers
Fluorotelomer phosphates



PFAS Markush Child Linking
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Perfluoroalkyl (linear) carboxylic acids
DTXSID00893893

Perfluoroalkyl (linear) amides (tertiary)
DTXSID30893886

Perfluoroalkyl symmetric anhydrides
DTXSID40893892

Markush_Child DTXSID Substance_Name CASRN
DTXSID1037303 DTXSID1037303 Perfluoroheptanoic acid 375-85-9
DTXSID3031860 DTXSID3031860 Perfluorodecanoic acid 335-76-2
DTXSID3031862 DTXSID3031862 Perfluorohexanoic acid 307-24-4
DTXSID4059916 DTXSID4059916 Perfluorobutanoic acid 375-22-4
DTXSID6062599 DTXSID6062599 Perfluoropentanoic acid 2706-90-3
DTXSID8031863 DTXSID8031863 Perfluorononanoic acid 375-95-1
DTXSID8031865 DTXSID8031865 Perfluorooctanoic acid 335-67-1
DTXSID8047553 DTXSID8047553 Perfluoroundecanoic acid 2058-94-8
DTXSID8059970 DTXSID8059970 Perfluoropropanoic acid 422-64-0
DTXSID9041578 DTXSID9041578 Trifluoroacetic acid 76-05-1

https://comptox.zn.epa.gov/dashboard/dsstoxdb/results?search=DTXSID00893893
https://comptox.zn.epa.gov/dashboard/dsstoxdb/results?search=DTXSID30893886
https://comptox.zn.epa.gov/dashboard/dsstoxdb/results?search=DTXSID40893892


Nested Categories
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Fluorotelomer (linear) n:2 
amines (secondary)

Fluorotelomers (linear)

Fluorotelomer (linear) amines

Fluorotelomer (linear)
amines (secondary)

Fluorotelomer (linear)
amines (primary)

Fluorotelomer (linear) alcohols

Fluorotelomer (linear) n:1
amines (secondary)



Difficult Substances/Categories
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OR

OR



PFASMASTER Markush Category 
Coverage
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https://comptox.epa.gov/dashboard/chemical_lists/PFASMASTER

Unstructured
21%

Uncategorized
35%

At least 1 Category
44%

https://comptox.epa.gov/dashboard/chemical_lists/PFASMASTER


Conclusions
• Expert classification of PFAS is difficult to maintain
• Defining structure based classes for PFAS is achievable
• Structural classes provide unambiguous, reproducible assignments of 

substances to class 
• Extension of available classes is necessary to achieve our desired 

coverage
• Several issues remain for addressing 

• Branched perfluorinated alkyl chains
• Partially fluorinated chains
• Unique functionalizations
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Questions?
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