Speaking the same language: The need for accurate and consistent reporting of novel per- and polyfluoroalkyl substances
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Introduction
Over the past decade, a vast number of peer-reviewed publications presented “novel” per- and polyfluoroalkyl substances (PFAS) identified in commercial mixtures or environmental samples. Some are commercial products; others are previously unknown transformation products of other PFAS. Based on the National Institute of Standards & Technology (NIST) Suspect List of Possible PFAS, there are nearly 100 publications (peer-reviewed and other literature) that provide structures for novel PFAS produced using non-targeted analysis (NTA).1
Structures for PFAS vary by fluoroalkyl chain length and arrangement (linear vs. branched) and the presence of nonfluorinated functional groups.2 Researchers reporting novel PFAS often rely on acronyms and systematic naming rules to describe compounds.2 Substructure naming (e.g., sulfonamides and carboxylic acids) communicates underlying chemistry, environmental properties, and subclasses of PFAS.2 
Unfortunately, different nomenclature rules have resulted in identical compounds with multiple identifiers (Figure 1). Structural comparisons vital to identify or determine the novelty of PFAS often use NTA, the analytical approach for chemical characterization of a material by identifying unknown compounds in a mixture without a priori knowledge about chemical composition.
Suspect lists for monitoring of PFAS
For PFAS, NTA has been applied widely for initial identification of unknown compounds. Once identified, suspect screening analysis is used to detect these compounds in a wide variety of matrices; each novel PFAS included in so-called “suspect lists” allows for identification by other researchers.
Individual laboratories have generated PFAS suspect lists by combining extensive literature review and chemical data from highly curated libraries. In complex, rapidly developing research areas it is essential that such lists are available and unambiguously represent the current literature knowledge of accurately generated structures. Transcription from embedded images or translation of compound names into structures can result in inconsistent chemical identifications.
Issues with reporting consistent and accurate structures
Authors reporting discovery of a novel PFAS in peer-reviewed literature must validate its novelty. Lacking a consistent “language,” rigorous investigation of the current literature may exclude difficult to check sources such as patents and non-peer reviewed literature. When only chemical names and/or images of structures are presented in publications, it creates a barrier for other researchers to use those novel PFAS structures. This barrier has been well recognized for decades, yet proposed solutions have yet to be sufficiently adopted.3
The significant amount of time invested in creating suspect lists results in extremely valuable tools. Sharing suspect lists between laboratories directly via email or file-sharing services is convenient, but managing disconnected data structures and version control is difficult and inefficient. In rapidly evolving and impactful fields, researchers require up-to-date and accurate information. When suspect lists are not easily accessible, other laboratories may be missing vital information and, as a result, may be communicating the same chemical differently. 
Recommendations for reporting novel PFAS
Based on these issues, we recommend for all peer-reviewed manuscripts that authors:
1) include structures of novel PFAS in an unambiguous machine-readable format;
Machine-readable formats enable processing by a computer. One widely available format is InChI structural notation,4 which can be generated using a wide variety of chemical structure software (e.g., ACD/Labs ChemSketch and PerkinElmer ChemDraw). Embedded images or compound names are not machine readable, requiring human expertise to extract and translate data into usable information. There is value in providing structural images and/or compound names in manuscripts when describing results to readers, but the machine-readable structures should be provided, as well.
2) submit structures of PFAS to one or more public databases;
Once novelty is validated or the PFAS is otherwise not in a public database, authors should submit machine-readable structures to a public repository designed to curate and maintain valid chemical structures; ideally those repositories would support version control to create a chain of traceability. Submission of structures should happen as soon as feasible after publication of the manuscript reporting these structures. Examples of public compound repositories are described below.
3) and utilize database identifiers for disambiguating known PFAS structures.
Use of acronyms, naming conventions, and elemental formulas in manuscripts introduces ambiguity as to the exact compound that has been detected. Therefore, when PFAS have been detected that exist in a public database, manuscripts should use a database identifier (e.g., DTXSID in the U.S. EPA CompTox Chemicals Dashboard) to refer to the compound. Structural notation should still be presented as a safeguard against the possibility of future changes in these databases. This enables accurate communication of detected compounds and provides attribution to the source of the compound discovery.
Databases of PFAS structures
Many chemical structure databases contain curated structures of known PFAS, including the U.S. EPA CompTox Chemicals Dashboard (https://comptox.epa.gov/dashboard)5; NIH PubChem collection (https://pubchem.ncbi.nlm.nih.gov/), and NIST Suspect List of PFAS (https://data.nist.gov/od/id/mds2-2387).1 The NIST Suspect List of Possible PFAS is a table containing structures of possible PFAS with corresponding source information, which is the result of a collaboration with several PFAS researchers and drawn from other curated databases.
Conclusion
	An increasing number of novel PFAS will be identified in commercial mixtures and environmental samples as instrumentation and software tools are developed and refined, driving the field forward at a rapid pace, necessitating effective communication. When structures are reported in a machine-readable format, it improves validation of novelty, sharing of accurate chemical structures, and communication of NTA results. As researchers increasingly embrace the FAIR (Findable, Accessible, Interoperable, and Reusable - https://www.go-fair.org/) principles, a vital first step is that compounds under widespread scrutiny are referred to in a common manner. Recommendations presented in this viewpoint are encouraged for all PFAS researchers performing NTA, in addition to the broader NTA audience, but the principles behind the need for unambiguous structure identification and communication apply universally across the chemical data research space. 
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Figure 1. Example entries from public databases containing structures and other notation for a single PFAS.
	Database
	NIST Suspect List of Possible PFAS
	EPA CompTox Chemicals Dashboard
	NIH NLM PubChem

	Source
	https://data.nist.gov/od/id/mds2-2387
	https://comptox.epa.gov/dashboard
	https://pubchem.ncbi.nlm.nih.gov/

	Identifier
	3383
	DTXSID60892948
	138394439

	Structure Image
	N/A
	[image: ]
	[image: ]

	Name
	N-betaine propyl perfluoroheptane amide
	Perfluoroheptane amide betaine
	carboxymethyl-dimethyl-[3-(2,2,3,3,4,4,5,5,6,6,7,7,7-tridecafluoroheptanoylamino)propyl]azanium  

	Acronym
	BPr-FHpA
	PFHpAB
	N/A

	InChI
	InChI=1S/C14H15F13N2O3/c1-29(2,6-7(30)31)5-3-4-28-8(32)9(15,16)10(17,18)11(19,20)12(21,22)13(23,24)14(25,26)27/h3-6H2,1-2H3,(H-,28,30,31,32)/p+1
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