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November 30, 2023    
 
MEMORANDUM 
 
SUBJECT: Risk Assessment of the Per- and Polyfluoroalkyl Substances (PFAS) in SN-23-0002-0006 

and SN-23-0008-0011 
 
FROM:  Risk Assessment Branches/Industrial Chemistry Branch 
  New Chemicals Division 
  Office of Pollution Prevention and Toxics 
 
TO:  Geraldine Hilton 

Risk Management Branch 1 
  New Chemicals Division 
  Office of Pollution Prevention and Toxics 
 
 
This memo presents the New Chemicals Program’s risk assessment 1 of the per- and polyfluoroalkyl 
substances (PFAS) in SN-23-0002 through 0006 and SN-23-0008 through 0011. This assessment 
considers the persistence, bioaccumulation and toxicity (PBT); expected degradation, hydrolysis and 
incineration products; and exposure pathways resulting in potential or expected2 exposure to workers, 
environmental receptors, consumers and the general population for the nine substances in the 
Significant New Use Notices (SNUNs).  
  
The New Chemicals Program’s conclusions regarding the risks posed by the per- and polyfluoroalkyl 
substances (PFAS) in SN-23-0002-0006 and SN-23-0008-0011 are based on an evaluation of these 
substances under the New Chemical Program’s Category for Persistent, Bioaccumulative, and Toxic 
New Chemical Substances (hereafter referred to as the PBT policy (US EPA, 1999) and the Framework 
for TSCA New Chemicals Review of PFAS Premanufacture Notices (PMNs) and Significant New Use 

                                                       
1 Determination of risk is a function of hazard and exposure. Generally, numerical values are assigned to the hazard and 
exposure components of the risk equation to arrive at a numeric risk value. This quantitative method is used by the New 
Chemicals Program whenever possible. As explained throughout this document, the inability to precisely quantify hazard 
and exposure for the class of substances known as PFAS (per- and polyfluoroalkyl substances) requires the New Chemicals 
Program to qualitatively assess risk. In this case, we document the existence of a hazard concern that will increase over 
time due to sustained and widespread exposures, leading to a buildup (bioaccumulation) of the SNUN substances in people 
and the environment leading to risks of concern.  
2 Throughout this document, the terms “potential” or “expected,” when referring to exposure, mean that, depending on 
the individual SNUN substance, life cycle stage (manufacture, distribution, use and disposal), exposure pathway, or receptor 
(humans or environmental organisms) there is either more or less uncertainty about exposure. Importantly, the use of 
either term means there is exposure, but it is a matter of the level of uncertainty in that finding. Details for each exposure 
scenario are in separate reports (See Section 4 for additional details). 
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Notices (SNUNs) (hereafter referred to as the PFAS Framework; US EPA, 2023a). The New Chemicals 
Program’s conclusions further take into consideration the risk assessments (and other information) 
submitted by Inhance Technologies, LLC (hereafter referred to as Inhance) for SN-23-0002-0006 and 
SN-23-0008-0011, the PFAS Strategic Roadmap: EPA’s Commitments to Action 2021-2024 (US EPA, 
2021a) with commitments to action on PFAS in the environment, and the National PFAS Testing 
Strategy: Identification of Per- and Polyfluoroalkyl Substances (PFAS) for Testing (US EPA, 2021b), to 
collect data/information on the many PFAS that are in US commerce and have been detected in the 
environment.  
 
The New Chemicals Program concludes that each of the nine Significant New Use Notice (SNUN) 
substances in the two Inhance consolidated submissions are persistent, bioaccumulative, and toxic 
chemicals (PBTs). Three of the SNUN substances (SN-23-0002 [PFOA], SN-23-0004 [PFNA], and SN-23-
0005 [PFDA]) are well studied PFAS that are known to be extremely toxic. PFOA and PFDA have EPA-
reviewed toxicity assessments that have been made public. PFNA has been reviewed by the Agency for 
Toxic Disease Registry (ATSDR), the EPA Office of Water has a proposed Maximum Contaminant Level 
(MCL) that addresses PFNA, made public in a March 2023 proposed rule, and EPA is currently 
developing a draft Integrated Risk Information System (IRIS) toxicity assessment scheduled to be 
released for public comment and peer review in the first quarter of 2024 3. The toxicity of the other six 
SNUN substances do not yet have EPA-developed, public toxicity assessments. In addition, there are 
potential or expected environmental releases of the nine SNUN substances and these releases are 
expected to result in human exposures and exposures to aquatic life, based on the manufacture, 
processing, distribution, use and disposal associated with the significant new use of these nine SNUN 
substances. Further, as described more fully in Section 1.2.2, data already show the presence of seven 
of the nine SNUN substances in the human body (exceptions are SN-23-0010 [PFHxDA] and SN-23-0011 
[PFODA]) widespread across the U.S. population. In fact, nearly 100% of people sampled in the U.S. 
have been exposed to at least one PFAS (NAS, 2022). Thus, the New Chemicals Program concludes 
there is risk of concern from the manufacture, distribution, use, and disposal of the nine SNUN 
substances for the significant new use identified in Inhance’s Significant New Use Notices. Finally, data 
gaps are identified, where appropriate, for the SNUN substances. 

1 Background 

1.1 Significant New Use Notices (SNUN) Submissions from Inhance 
Inhance submitted two consolidated SNUNs for a total of nine substances (see Table 1). The nine 
substances are formed as byproducts during the surface coating (via fluorination) of high density 
polyethylene (HDPE) fuel and non-fuel storage containers, and remain in or on the walls of the 
container and migrate into any liquid subsequently stored in the container (see Section 2.1). Seven 
of the nine substances are existing chemicals and are included on the TSCA Inventory; the 
exceptions are SN-23-0006 [PFuDA] and SN-23-0009 [PFTrDA].  
 

                                                       
3 The ATSDR Minimum Risk Level (MRL) for PFNA was used by Inhance in their risk assessment. The proposed EPA’s Office 
of Water proposed PFAS National Primary Drinking Water Regulation rulemaking  incorporating final MCLs for several PFAS 
is scheduled to be finalized in 2024 (88 FR 18638; March 29, 2023). 
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In October of 2021, EPA released both the PFAS Strategic Roadmap (US EPA, 2021a) with 
commitments to a broad range of actions on PFAS in the environment and a National PFAS 
Testing Strategy (US EPA, 2021b) to collect data/information on the many PFAS that are in US 
commerce and have been detected in the environment. One of the key actions in the PFAS 
Strategic Roadmap includes ensuring a robust review process for new PFAS in the TSCA New 
Chemicals Program. As a result of the need for a robust review process as identified in the PFAS 
Strategic Roadmap and the challenges associated with precisely quantifying the exposures and 
risks associated with PBTs, as reflected in the New Chemicals Program PBT policy, especially 
PBT PFAS (see section 1.2.2), the New Chemicals Program recently released the PFAS 
Framework, which describes the approach and methodology the New Chemicals Program uses 
to evaluate PFAS new chemical notices (US EPA, 2023a), described in section 1.2.3.  

 

1.2.2 Challenges to Precisely Quantifying Risk for PBT PFAS Including the Nine SNUN 
Substances 

Precisely quantifying the risk posed by PBT PFAS, including the nine SNUN substances, is 
complicated by: (1) the lack of robust toxicity information on most of the thousands of PFAS 
(exceptions include some of the SNUN substances, for example, PFOA, PFNA and PFDA, and 
other PFAS not covered by the 9 SNUNs – e.g., PFOS, PFHxA, PFBS, GenX); (2) the exceptionally 
high toxicity of the well-studied PFAS; (3) the likely additive impacts of exposure to multiple 
PFAS; (4) the persistence of PFAS; (5) the bioaccumulative properties of PFAS; (6) the 
widespread occurrence of PFAS in the environment; and (7) the apparent widespread existing 
exposures and body burdens of PFAS in humans. These factors can lead to risks to human 
health and the environment being underestimated by conventional, quantitative risk 
assessment methods. Each of these seven complicating factors is further explained in this 
section. 
 
First, only one (PFOA) of the nine SNUN substances has robust toxicity information for both 
human health and environmental organisms. Thus, for the other eight SNUN substances, 
information is lacking (for either human health or environmental organisms, or both) which 
does not allow for the completion of precise estimates of the risk posed by the SNUN substance 
of interest. In order to precisely quantify risk5, an accurate hazard identification value that 
reflects some level of certainty needs to be identified for the substance of interest. Use of a 
close analogue is often used in place of hazard information for a given chemical, but this does 
introduce uncertainty.6 Thus, hazard information on the substance of interest should be used 
whenever possible. This leads to the second complicating factor: the available information on a 
limited number of more well-studied PFAS (such as PFOA, PFNA and PFDA) indicates that they 
are extremely toxic, and understanding the toxicity of each of the nine SNUN substances would 

                                                       
5 In this risk assessment, the New Chemicals Program did not quantify risk. Thus, for 8 of 9 SNUN substances available 
human health hazard information was sufficient to identify hazard concerns for PBT classification purposes (the exception 
was PFTrDA). For the environmental organisms, PFOA was used as an analogue for the eight other SNUN substances.  
6 For example, lack of toxicity information led both EPA and Inhance (in the Inhance-submitted risk assessment) to use 
analogues for either or both human health and environmental organisms where there was no available hazard information 
for certain of the SNUN substances. 
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be necessary to precisely understand the hazard of all of the SNUN substances. Due to the 
uncertainty with the use of analogues and the possible spectrum of toxicity among PFAS, some 
PFAS may be more or less toxic than expected or predicted by use of an analogue.  
 
Third, the nine SNUN substances co-exist as byproducts from the fluorination process and so to 
properly quantify risk, their additive effects need to be considered. However, conducting a risk 
assessment to quantify the additive effects poses a challenge. EPA is working to develop 
methodologies to evaluate mixtures and risk in other contexts and programs7 but a standard, 
widely accepted method and approach for PFAS is not yet available. Fourth, it has been 
established that the carbon-fluorine bond is extremely stable and persists in the environment. 
When a chemical substance is both present and persistent in the environment, it is difficult to 
quantify exposure using traditional methods that only capture exposures associated with a 
release at a particular point in time. 
 
Fifth, PFAS have been shown to bioaccumulate in the environment, humans and environmental 
organisms. Importantly, bioaccumulation of PFAS can be significantly higher in humans 
compared to rodents, which are typically used to determine the points of departure for use in 
quantitative human health risk assessment (ITRC, 2023). PFOA has a reported half-life in 
humans of 2.3-3.8 years (as reviewed in Seals et al. (2011) and recently confirmed in Li et al. 
[2018]. This means it would take the body more than a decade8 to rid itself of PFOA residing in 
the body assuming there is no further exposure. Any new or additional exposure would result in 
an increase in the time it would take for the body to rid itself of PFOA. Sixth, due to their 
persistence and bioaccumulative nature, PFAS have been widely detected in the environment 
around the globe, thus showing widespread exposures. Small releases to the environment can 
have a significant long-term contribution to exposure and risk. Current risk assessment 
methods used in the two Inhance risk assessments do not account for chemical substance 
accumulation over time in environmental media, environmental organisms and humans.9  
 
And finally, the persistence, bioaccumulation and toxicity of many PFAS has resulted in an 
existing burden in humans, environmental organisms, and the environment that is not 
accounted for in the New Chemicals Program’s traditional quantitative methodologies or in 
Inhance’s risk assessments. The National Academy of Sciences recently provided an overview of 
the extent and magnitude of PFAS contamination, stating “(D)ata from the National Health and 
Nutrition Examination survey [NHANES] show that nearly 100 percent of people in the United 
States are exposed to at least one PFAS…” (as cited in NAS, 2022, p. xi; also referred to as 
NHANES data). These data showing PFAS in human serum include the presence of five of the 
SNUN substances (PFOA, PFNA, PFDA, PFuDA and PFDoA), but the incidence and concentrations 
are highest for PFOA and PFDA. There are other biomonitoring data showing the presence of 

                                                       
7 For example, see risk assessment for mixtures guidance at the Office of Research and Development (epa.gov/ and search 
for 1986 Guidelines for the Health Risk Assessment of Chemical Mixtures). 
8 On average, it takes 5-7 half-lives to eliminate a chemical from the body. For example, if the half-life is 3 years, at the end 
of 3 years, half (i.e., 50%) of the chemical is still present. After the “second half-life”, there would be 25% of the original 
concentration. At the end of 5 half-lives, approximately 3% would still be present (15 years later). See National Institute of 
Health, National Library of Medicine (www.ncbi.nom.nih.gov) 
9 The two Inhance risk assessments use conventional methods for quantifying risk that do not account for bioaccumulation. 
See Sections 2 and 3 for details and more discussion.  





  

8 
 

Based on these considerations, and as outlined further in the PFAS Framework, EPA generally 
expects to evaluate risk for PBT PFAS qualitatively. Thus, EPA’s risk assessment for these PFAS 
SNUN substances is qualitative.11  

1.2.3 Overview of the PFAS Framework  

The New Chemicals Program generally follows the PBT Policy (US EPA, 1999) in assessing and 
managing PMNs and SNUNs that involve PBTs. This longstanding policy is used to identify 
substances that meet the criteria for persistence, bioaccumulation and toxicity and warrant 
appropriate risk mitigation efforts (see Section 3 for further information). 
 
In 2023, the New Chemicals Program incorporated the 1999 PBT Policy into the PFAS 
Framework for the review of PFAS PMNs and SNUNs. The purpose of the PFAS Framework is to 
provide a clear approach for the New Chemicals Program to review PFAS PMN and SNUN 
substances in light of significant health and environmental concerns associated with, 
widespread environmental exposure to, and environmental persistence of PFAS, and to identify 
any appropriate risk mitigation (including banning manufacture, if warranted) and any 
appropriate PFAS testing requirements.  
 
When a substance under review is identified as PFAS using the definition outlined in the PFAS 
Framework, including key components of interest such as potential degradants and 
metabolites, a PBT determination is made by the New Chemicals Program for the submitted 
PFAS and/or key degradants and metabolites using a weight of evidence approach based on 
data from the specific new chemical substance or appropriate analogues, as described in 
section 3.1. Although it is possible to quantify exposure to an immediate release of a specific 
amount of PFAS, the estimated exposure would not reflect the overall human health and 
environmental impact posed by the released PBT PFAS as such substances persist and 
bioaccumulate over time and humans already have a body burden of PFAS. For PBT PFAS 
chemicals, EPA will generally qualitatively consider the potential or expected extent of 
exposures to workers, the general population, consumers and the environment throughout the 
lifecycle of the PFAS, but will not attempt to quantitatively assess exposures or risk due to the 
limitations outlined in section 1.2.2.  
 
The New Chemicals Program’s evaluation of whether the nine SNUN Substances are PBTs under 
the PBT Policy is consistent with the PFAS Framework. Then, because the New Chemicals 

                                                       
11 Although EPA has concluded that a quantitative risk assessment is not appropriate to capture the full risk associated with 
these PFAS for the reasons described in this Section (1.2.2) and elsewhere in this document, EPA did perform a sensitivity 
analysis that calculates risk for PFOA and PFDA using EPA’s human health hazard information and the exposure calculations 
submitted by Inhance. EPA’s human health hazard information (i.e., PODs) for PFOA and PFDA are different from the ones 
used by Inhance and represent the EPA internal and public review of the available scientific information. Eighty percent of 
the calculations in the sensitivity analysis showed risk and 20% did not (See “Sensitivity Analysis: Calculating risk using EPA-
derived toxicity values with Inhance-derived exposure values” as part of the administrative record for this action). Inhance’s 
risk assessment utilized the ATSDR MRL as the human health hazard POD for PFNA and, using that POD, did not show risk 
for any scenario in their quantitative assessment. EPA is currently developing a draft Integrated Risk Information System 
(IRIS) toxicity assessment scheduled to be released for public comment and peer review in the first quarter of 2024. In 
addition, there were deficiencies, unrelated to the PODs, in Inhance’s quantitative risk assessment, discussed further in 
section 2.6.   
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Program has determined these substances to be PBTs that are formed during the fluorination 
process leading to widespread exposure – especially to consumers (as pointed out in Section 4) 
- and consistent with the PFAS Framework, it has qualitatively assessed the risk of the nine 
SNUN substances. 
 
The considerations outlined in the PFAS Framework are also applied in the review of the risk 
assessments submitted by Inhance in the next section.  

2 Review of the Risk Assessments and Other Information Submitted 
by Inhance  

Two risk assessments were included in the Inhance submissions – one to evaluate the nine SNUN 
substances formed in fuel storage containers and one to evaluate the nine SNUN substances formed in 
non-fuel storage containers (see section 1.1). As outlined in the PFAS Framework and in section 1.2.2, 
the persistence and bioaccumulation of these substances, and the existing and widespread 
environmental occurrence and human body burdens of PFAS were not taken into consideration in the 
Inhance risk assessments (though bioaccumulation was acknowledged as an uncertainty by Inhance). 
The following sections present EPA’s review of important information in the submitted risk 
assessments regarding the presence of long-chain PFAS in fluorinated HDPE containers, the uncertainty 
in the amount of PFAS being produced as byproducts, as well as environmental and human health risk 
assessment concerns. 
 
Since the submission of the SNUNs on December 30, 2022, EPA has received more detailed information 
from Inhance regarding the optimization of Inhance’s fluorination process, analytical methods used for 
testing, and detailed sample information (i.e., manufacturing location, customer sector, and the 
amount of PFAS detected). These data were received on September 29, 2023. While these data do 
indicate that Inhance has adapted its process with respect to certain types of containers to reduce the 
amount of long-chain perfluoroalkyl carboxylate (LCPFAC) formed—stating that over 98% of the 
samples have non-detectable levels for the 9-18 carbon LCPFACs—for the 8-carbon PFOA, the non-
detect frequency dropped to 84%. This shows at a minimum that of the nine SNUN substances, the one 
that is currently known to be the most toxic (i.e., PFOA) is still being produced as a byproduct during 
Inhance’s fluorination process. In addition, the detection limit used in these studies provided by 
Inhance (~300 ppt in extracts from the plastic container coupons) is much higher than other 
comparable methods. For example, EPA Office of Pesticide Program’s Biological and Economic Analysis 
Division (BEAD) has validated a method in the laboratory that is much more sensitive than the one 
employed for these measurements by Inhance. The level of detection is 2 ppt and the level of 
quantification is 20 ppt for most PFAS tested (see “Summary of EPA Container Coupon Method for 
PFAS Determination” in the administrative record for this action).  
 

2.1 Presence of Long-Chain PFAS in Fluorinated HDPE Containers 
The risk assessments conducted by Inhance did not consider that the nine SNUN substances co-
exist when formed as byproducts from the fluorination process. Inhance provided evidence for the 
existence and migration of long-chain PFAS from the HDPE container walls into the container 
contents (methanol, CE10 fuel, and water were used as media for extraction) in the original risk 
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assessments and again provided more evidence in their September 29, 2023 submission of 
additional information (see Section 1.1). Because the nine SNUN substances co-exist and are 
chemically similar, they will likely interact with each other. Considering exposure and hazard for 
each SNUN substance separately does not account for the additive12 exposure and the likely 
hazard/toxicity interaction (whether it be additive, greater than additive, or something altogether 
different), thus leading to an underestimation of the risk to human health and the environment. 
 
In addition, EPA is aware of studies which indicate that other PFAS substances (e.g., PFAS which 
have fewer than 7 fluorinated carbons) are also expected to leach from fluorinated HDPE 
containers (US EPA, 2021 and 2022; Whitehead and Peaslee, 2023; Vitale et al., 2022). Thus, these 
shorter-chain PFAS are likely byproducts of Inhance’s fluorination process and co-exist with the 
LCPFAC. For instance, testing conducted by the BEAD Laboratory within EPA’s Office of Pesticide 
Programs showed that 86% of the mass of PFAS that leached from a fluorinated 55 gallon drum 
were of the short-chain variety (US EPA, 2021c). Both short- and long-chain PFAS are linked to 
adverse human health effects, with overlap in toxicities (see section 2.4). The possible contribution 
of these other PFAS to the exposure, bioaccumulation and toxicity potential of the nine SNUN 
substances may affect the estimation of risk for the nine SNUN substances.  

 

2.2  Production Volume Uncertainty 
In order to accurately and precisely quantify risk, it is important to have confidence in the 
estimates of the amount of the nine SNUN substances formed from Inhance’s fluorination process. 
For the substances that were considered in the Inhance-submitted risk assessments, Inhance 
provided estimates of production volume which claim that the nine SNUN substances are produced 
at levels below 400 grams per year for each one. Estimating the production volumes for these 
substances is difficult because the volumes can only be determined indirectly, as opposed to using 
stoichiometric calculations. For example, a PFAS byproduct that is produced upon fluorination may 
remain entrained within the HDPE matrix, but still have the potential to migrate from the container 
walls. In this scenario, that PFAS would not be counted in the production volume estimate even 
though it results from the fluorination process. In order to account for this issue, extraction 
conditions (e.g., solvent, heat, duration) must be used which are capable of extracting the 
maximum amount of PFAS possible from the HDPE matrix. Multiple extractions must also be used 
in order to demonstrate that PFAS is no longer leaching from the container walls and all the PFAS 
has been extracted. Given the large amount of uncertainty with these production volume 
estimates, it is impossible to precisely quantify risk using the current information provided by 
Inhance. 

 

2.3  Dermal Exposure 
Inhance developed conceptual exposure models for both the fuel and non-fuel uses of their 
fluorinated containers. In both models, they recognize that dermal exposure occurs, but they 
dismiss the possibility of the SNUN substances being absorbed across the skin layer because they 

                                                       
12 Additivity means that it is likely that the SNUN substances interact so that both hazard and exposure could be additive as 
they are present as a mixture. This additivity could be either due to dose additivity or response additivity (see epa.gov/risk 
and search for 1986 Guidelines for the Health Risk Assessment of Chemical Mixtures). 
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believe the SNUN substances are too large. While this may be an uncertainty for most of the SNUN 
substances, there is information showing dermal exposure/absorption occurs for PFOA (Fasano et 
al. 2005. Fairley et al., 2007, and Franko et al. 2012). Again, PFOA is recognized as one of the highly 
toxic PFAS substances. Similar information documenting absorption through the skin layer for the 
other eight SNUN substances is not readily available and therefore is an uncertainty and may 
underestimate risk. 
 

2.4 Toxicity to Aquatic Organisms 
The aquatic toxicity analysis in the risk assessment performed by Li et al 2021 was referenced and 
used in the Inhance risk assessments. Li et al. estimated an aquatic life chronic predicted no-effect 
concentration (PNEC; 0.0067 mg/L) based on a species sensitivity distribution (SSD) approach using 
test data for PFOA (SN-23-0002). Inhance also applied the estimated PNEC for PFOA using read-
across for the remaining eight SNUN substances to evaluate hazards. EPA agrees with this approach 
to evaluate the environmental hazard of the nine SNUN substances. The actual hazard value used 
to derive the PNEC was an HC5

13 value of 0.033 mg/L, which meets the EPA criteria for chronic 
toxicity concern for aquatic organisms (or, a T score of 2 for the PBT score).14  
 

2.5  Toxicity to Human Health 
The human health toxicity values proposed in the Inhance-submitted risk assessments are based on 
hazards that support a human health toxicity score of 2, consistent with EPA’s approach (Table 2; 
section 3.3.2; US EPA, 2023a). EPA has qualitatively evaluated risk for these cases per the PFAS 
Framework and for the reasons explained in section 1.2.2 concluded that it is challenging to 
quantitatively and precisely assess risk from PBT PFAS, including the nine SNUN substances. 
Further, EPA identified a number of deficiencies in the Inhance-submitted quantitative risk 
assessments, with key concerns briefly described in this section.  
 
While EPA is qualitatively evaluating risk for the nine SNUN substances, and therefore not selecting 
hazard points of departures (PODs) for a quantitative risk assessment, EPA notes that Inhance did 
not use EPA-developed, publicly available, risk assessments/PODs for PFOA and PFDA, and did not 
address why they chose the ones they did use. For example, PODs have been used by the EPA in 
other contexts to develop reference doses for PFOA and PFDA that are substantially different from 
the values used in the Inhance risk assessments. For PFOA, the interim reference dose published by 
EPA’s Office of Water of 1.5 x 10-9 mg/kg-bw/day (US EPA, 2022), is 2000-fold lower than the 
Inhance-selected value of 3 x 10-6 mg/kg-bw/day (ATSDR, 2021). For PFDA, EPA’s IRIS Program 
developed a draft reference dose of 4 x 10-10 mg/kg-bw/day (US EPA, 2023b), 37,500-fold lower 
than Inhance-selected value of 1.5 x 10-5 mg/kg-bw/day (TCEQ, 2016). Use of either of the EPA 
PFOA or PFDA PODs—or any other PODs for any of the SNUN substances—by Inhance would 
change the risk results for these two SNUN substances. For example, if Inhance had used EPA’s 

                                                       
13 An HC5 is the logarithm of the fifth percentile of the distribution of chronic toxicity values for PFOA from 24 species 
representing eight taxonomic groups. 
14 See Section 3 for the details of scoring attribution for the P, B, and T for a PBT assignation. 
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PODs for PFOA and PFDA, Inhance would have identified risks of concern for 80% of the scenarios 
calculated.15  
 
In the Inhance risk assessments, the risk for each SNUN substance was considered individually. EPA 
notes that Inhance provided data that show there is a mixture of PFAS (i.e., the nine SNUN 
substances) present in the fluorinated containers, indicating a need to carefully consider how the 
PFAS may act in concert to elicit adverse human health effects. Additionally, as described in section 
2.1, present in the fluorinated containers are both the nine SNUN substances—which are all 
perfluorocarboxylic acids, with variation only in fluorinated carbon chain length, from 8-18 carbons 
(Table 1)—and the likely existence of other, shorter-chain PFAS formed as byproducts during 
fluorination (US EPA, 2021 and 2022; Whitehead and Peaslee, 2023; Vitale et al., 2022). Considering 
the similarity in structure across the PFAS present in the fluorinated containers, along with the 
known overlap in toxicities of both short- and long-chain PFAS, it is reasonable to expect the 
potential for additive effects among the PFAS that would likely affect the overall bioaccumulation 
and risk posed by the nine SNUN substances (US EPA, 2023c, Fenton et al., 2021). There is a 
growing body of evidence on the dose additive effects for mixtures of PFAS (for example, see 
Addicks et al., 2023; Dale et al., 2022; Marques et al., 2021) which, if not accounted for, will result 
in underestimating risk. 
 
As noted in the Inhance risk assessments (Section 6 in both), there is uncertainty associated with 
not quantifying the bioaccumulative effects that are expected to occur with these PFAS substances 
which also, if not accounted for, will result in underestimating risk.  
 
Finally, Exhibit 11 in the September 29, 2023 submission by Inhance is a document entitled: Use of 
Drinking Water Standards. This 10-page document points out that, even though the units are the 
same, concentrations of a substance in a container matrix or fluid is not the same as the 
concentrations of that same substance in a drinking water standard. EPA agrees and this does not 
change this assessment as we are not applying drinking water standards – nor are we quantifying 
risk – in this qualitative risk assessment. 
 
Despite this non-exhaustive list of unaccounted for toxicity considerations, as well as differences in 
the identification of relevant human health toxicity information in the Inhance risk assessments, 
the Inhance risk assessments provide toxicity information supporting a human health toxicity score 
of 2 for each of the SNUN substances (see Table 3). 

                                                       
15 Although EPA has concluded that a quantitative risk assessment is not appropriate to capture the full risk associated 
with these PFAS for the reasons described in this Section (1.2.2) and elsewhere in this document, EPA did perform a 
sensitivity analysis that calculates risk for PFOA and PFDA using EPA’s human health hazard information and the 
exposure calculations submitted by Inhance. Eighty percent of the calculations performed in the sensitivity analysis 
showed risk and 20% did not (See “Sensitivity Analysis: Calculating risk using EPA-derived toxicity values with Inhance-
derived exposure values” as part of the administrative record for this action). Inhance’s risk assessment utilized the 
ATSDR MRL as the human health hazard POD for PFNA and, using that POD, did not show risk for any scenario in their 
quantitative assessment. EPA is currently developing a draft Integrated Risk Information System (IRIS) toxicity 
assessment scheduled to be released for public comment and peer review in the first quarter of 2024. In addition, 
there were deficiencies, unrelated to the PODs, in Inhance’s quantitative risk assessment, discussed further in section 
2.6.   
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also differences in clearance mechanisms and rates between gill- and air-breathing animals, 
potentially leading to substantially higher bioaccumulation in the latter (De Silva et al. 2021). Food 
web-based metrics like biomagnification factors and trophic magnification factors are sometimes 
considered more robust predictors of bioaccumulation in humans, yet even these are subject to 
significant uncertainty when measured for PFAS (Franklin 2016; Miranda et al. 2022). Apart from 
these considerations, it is important to note that human exposure to certain PFAS such as PFOA 
and PFOS (perfluorooctanesulfonic acid) may occur primarily through drinking water, so even an 
accurate estimate of bioconcentration in fish harvested for food underestimates potential human 
exposure (McLachlan et al. 2017). 
 
In addition, EPA considers the known presence and persistence of many PFAS in human serum 
(half-lives ranging from weeks to years) to be direct evidence of their bioaccumulation potential in 
humans (Fenton et al., 2021; Li et al. 2018). Thus, since 2018, EPA has evaluated most PFAS in the 
New Chemicals Program by assigning a bioaccumulation potential rating (B) of B*high. Similarly, a 
persistence (P) rating of P3 is assigned to most PFAS based on their observed persistence in the 
environment and the stability of the C-F bond. The only exceptions are those PFAS that react to 
produce fluorinated degradation products. In such cases, the parent compound may be rated P1 or 
P2, while the degradation products are rated P3. 
 
The scores for toxicity are based on the following criteria (from p. 15 of the Points to Consider 
document) and EPA uses this same approach for PFAS: 
    

“The T score (in the overall PBT score) is based on developmental/reproductive and/or 
chronic hazards to the general population and/or to chronic hazards to aquatic organisms...; 
it is not designated for acute toxicity (i.e., mammalian or aquatic organisms) and is not 
typically used for hazards identified by the dermal or inhalation routes of exposure, as these 
types of toxicity and exposure routes are not typically associated with P and B chemicals.”18 

 

3.2  Persistence and Bioaccumulation Scores for the SNUNs 
All nine Inhance SNUN substances are Class 1 chemicals (i.e., their compositions can be 
represented with definite structural diagrams19). They are fully fluorinated alkyl carboxylic acids 
ranging in chain length from 8 (PFOA) to 18 (PFODA) carbon atoms. Such compounds exhibit 
observable environmental persistence and are known to be resistant to biodegradation and 
hydrolysis due to their highly stable chemical structures (USEPA 2009; Post et al. 2012; Kwiatkowski 
et al. 2014; Evich et al. 2022). Thus, EPA does not expect them to degrade in aqueous media. While 
trifluoroacetic acid (TFA) has been identified as a representative incineration product for all nine 
SNUN substances to reflect the possibility of incomplete combustion in municipal solid waste 
incinerators, TFA is not driving the PBT determination for these SNUN substances.  
 

                                                       
18 The phrase …”not typically used for hazards identified by the dermal and inhalation routes of exposure…” relates to 
portal of entry (i.e., site of contact effects such as skin and respiratory irritation) and not systemic effects (i.e., absorbed 
into the blood and distributed throughout the body). For chemicals that are absorbed via dermal and inhalation exposures, 
and that are persistent, bioaccumulative and toxic, these exposure pathways are important. 
19 83 FR 52694. 
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3.3  Other Fate Considerations for the SNUNs 
Manufacture, distribution, use and disposal of the nine SNUN substances results in potential or 
expected releases to the environment. In understanding the environmental fate of the nine SNUN 
substances throughout this lifecycle, thermal decomposition of PFAS in waste streams (e.g., from 
manufacture/distribution), through use (e.g., internal combustion engines such as lawn mowers) 
and from disposal (e.g., spent containers) is an active area of research. There is uncertainty 
regarding the conditions needed to achieve complete mineralization and the range of possible 
products of incomplete combustion (PICs) when those conditions are not met. There are 
indications that temperatures exceeding 1,000–1,100 °C may be sufficient for complete destruction 
of many PFAS (Shields et al. 2023). However, because the operating parameters of municipal waste 
incinerators are not standardized and it is not clear these temperatures are consistently achieved, 
EPA assesses TFA as a representative incineration product for PFAS to account for expected PIC 
releases.  
 
Temperatures in internal combustion engines may exceed those in municipal waste incineration 
(Roberts et al., 2014). Thus, it seems likely that destruction of PFAS would occur given efficient 
engine operation, but this has not been verified experimentally. Since complete efficiency in the 
operation of combustion engines cannot be assumed, the possibility of incidental releases and/or 
incomplete combustion cannot be ruled out and therefore represents an expected route of 
exposure. 
 
Based on their physical-chemical properties, LCPFACs associated with discarded materials in 
landfills may be expected to desorb and be transported through subsurfaces more slowly than 
shorter-chain PFAS. The relevant transport times are not well defined, but may be considerable 
given possible retention of LCPFACs on containers, organic matter, sorbent membranes, etc. Yet, 
because of the extreme persistence of these compounds, such transport is still possible. In fact, 
LCPFACs are known to be present in leachate from municipal solid waste landfills; concentrations of 
PFOA in the parts per billion (ppb) range have been reported in leachates from multiple landfills 
(Solo-Gabriele et al. 2020). This indicates that, contrary to Inhance’s claim that landfill leachate 
would result in “very small incremental releases, if any,” (Attachment 12 at 25), leaching of the 
nine SNUN substances can occur and they are expected to migrate through soil, and eventually to 
groundwater20. 
 
Most wastewater treatment plants are not required to monitor PFAS, so quantitative removal 
efficiencies are not well characterized. However, conventional wastewater treatment methods may 
be ineffective at removing perfluoroalkyl acids (Sinclair and Kannan, 2006; Loganath et al., 2007; 
Leung et al. 2022). Removal by biodegradation is generally not expected, while sorption and 
stripping are structure-dependent and more difficult to predict. In fact, many treatment plants 
exhibit higher concentrations of long-chain PFAS in effluent than in influent due to formation from 
precursors in the treatment train (USEPA 2019). Thus, the nine SNUN substances would be 
expected to be released to receiving/surface waters used as sources of drinking water and fish as a 
food source for humans, and as habitat for aquatic organisms. 

 

                                                       
20 As pointed out in the next section (Section 4), Inhance produces more than 200 million fluorinated containers a year. 
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For PFOA, EPA relied on the extensive review of the data available in the interim drinking water 
health advisory document from EPA’s Office of Water (US EPA, 2022a). PFNA is reviewed 
extensively in ATSDR, 2021, as well as in a health-based maximum contaminant level support 
document from the New Jersey Drinking Water Quality Institute (NJ DWQI, 2015). In addition, 
EPA has issued a preliminary regulatory determination to regulate PFNA as a contaminant 
under the Safe Drinking Water Act (PFAS National Primary Drinking Water Regulation 
Rulemaking, 2023), with a health-based water concentration also based on the ATSDR findings 
(ATSDR, 2021, as cited in US EPA, 2023d). Finally, for PFNA, EPA is currently developing a draft 
IRIS toxicity assessment scheduled to be released for public comment and peer review in the 
first quarter of 2024. 21  For PFDA, there is a draft EPA IRIS toxicological review containing an 
extensive literature review that has been released for public comment (US EPA 2023b).  
 
There are limited data available on PFuDA (11 carbons, SN-23-0006), PFDoA (12 carbons, SN-23-
0003), PFTeDA (14 carbons, SN-23-0008), PFHxDA (16 carbons, SN-23-0010) and PFODA (18 
carbons, SN-23-0011). There are no data available for PFTrDA (13 carbons, SN-23-0009). For SN-
23-0009, EPA selected analogues based on both availability of data and structural similarity. 
PFDoA (12 carbons) and PFTeDA (14 carbons) represent good, primary analogues as they 
bracket the carbon chain length of PFTrDA (13 carbons). Also, the available information on the 
remaining six SNUN substances provides evidence of concerns for developmental, reproductive, 
and/or chronic toxicity to substantiate a T2 score for PFTrDA.   
 
The criteria for determining a human health T score of 2 is the identification of developmental, 
reproductive and/or chronic hazards, typically using human data or animal studies, and can be 
based on the submitted chemical substance and/or analogues. Key hazards identified by the 
New Chemicals Program as the basis for a T score of 2 for each SNUN substance are listed in 
Table 7. EPA notes that the evidence provided is sufficient for a T score of 2, however additional 
hazard evidence for each SNUN substance is available in the cited documents. While EPA 
performed a qualitative assessment, some POD values identified by EPA are presented in Table 
7 to illustrate the potency of the toxicity  for the three well-studied SNUN substances (i.e., 
PFOA, PFNA and PFDA). However, the PODs were not used to determine a T-score nor for 
quantitative purposes in this assessment 
 
In addition to the hazards identified for each SNUN substance individually, EPA notes the nine 
SNUN substances are present together (i.e., co-exist) both within the matrix of the HDPE 
container as well as in the contents of the container as part of a PFAS mixture that also likely 
includes short-chain PFAS coproducts. As described in section 2.4, some dose additive effects 
are expected based on similarity in structure and known overlap in toxicities of both short- and 
long-chain PFAS present in the fluorinated containers (US EPA, 2023c, Fenton et al., 2021; for 
examples of dose additive effects, see Addicks et al., 2023; Dale et al., 2022; Marques et al., 

                                                       
21  The ATSDR Minimum Risk Level (MRL) for PFNA was used by Inhance in their risk assessment. The proposed EPA’s Office 
of Water proposed PFAS National Primary Drinking Water Regulation rulemaking incorporating final MCLs for several PFAS 
is scheduled to be finalized in 2024 (88 FR 18638; March 29, 2023). 
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Two conceptual, schematic diagrams are provided in this section; one for environmental releases and 
occupational, general population, and aquatic organism exposure pathways (Figure 1) and the other 
for consumer exposures (Figure 2). These figures show many and different releases and exposures for 
the nine SNUN substances. The fluorinated containers are used in various commercial and consumer 
applications (fuel and non-fuel). Based on the wide variety of potential uses of the plastic containers 
fluorinated by Inhance, these schematics do not represent all of the potential or expected releases and 
exposure pathways from all the applications for the nine SNUN substances.  
 
Figure 1 Occupational Schematic for the Nine SNUN Substances1  

 
1 Not all the release sources and exposure activities from all uses are shown on the diagram. Details of the specific release 
points and exposure activities are described in the Engineering and Exposure Reports for these chemicals provided under 
the respective releases and exposures summary table later in this section. Graphics adapted from: PFAS Water Cycle. 
United States Environmental Protection Agency. October 2022. https://www.epa.gov/system/files/documents/2022-
10/pfas-water-cycle-508-friendly 0.pdf 
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Figure 2 Consumer Schematic for the Nine SNUN Substances 

 
Based on the wide variety of potential uses of the plastic containers fluorinated by Inhance, this schematic does not represent all of the 
potential exposure pathways for the nine SNUN substances from the containers fluorinated by Inhance. 

 
Consistent with the PFAS Framework, the New Chemicals Program will not be quantifying risk 
(exposure and hazard) for PBT PFAS due to the likelihood that a quantitative risk assessment would 
underestimate risk and thus not be protective of human health and the environment. A quantitative 
assessment would provide only a “snapshot” of the exposure at one point in time and would not 
precisely and accurately reflect the overall environmental and human health risk posed by these 
chemicals that bioaccumulate over time (see section 1.2.2). This section identifies the environmental 
media of release and potential or expected exposures to human (workers, the general population and 
consumers) and ecological receptors of concern.  
 
All of the SNUN substances are PFAS substances that are expected to be formed during the fluorination 
process of HDPE containers. Potential or expected releases and exposure occur during manufacture, 
processing, use and disposal (of the containers or its contents). In addition, as pointed out in Sections 2 
and 3, EPA also expects other PFAS besides the nine SNUN substances to be formed during the 
fluorination process. The tables in this section provide an overview of the media of environmental 
release and exposure (including exposure pathways, and human and environmental receptors) (see 
Tables 9 and 10 for the fuel storage container use; Tables 11 and 12 for the other (non-fuel) storage 
container uses). 
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PFAS that currently exist in people and the environment and will continue to accumulate over time. 
There is ample evidence for this accumulation in the existence of seven of the SNUN substances 
(especially the highly toxic PFOA, PFNA, and PFDA) in human serum (see NHANES and other data, 
Sections 1.2.2 and 2.6) and for several of the SNUN substances in fish tissue (see fish tissue data, 
Section 1.2.2). 
 
The available evidence shows that all nine SNUN substances are persistent, bioaccumulative, and toxic 
(PBT) using the scoring system explained in Section 3 (see section 3.5 for scores). Each of the nine 
SNUN substances contains multiple C-F bonds, which are extremely stable, and each is anticipated to 
be extremely persistent and rated P3 (see Section 3.1). Because all nine SNUN substances are long-
chain PFAS, a class of chemicals with extensive data indicating they bioaccumulate in humans and fish 
tissue, all are expected to bioaccumulate and are rated B*high (Section 3.2). Based on their chemical 
structures, none of the nine SNUN substances are expected to degrade under normal environmental 
conditions.  
 
Ecological hazards were identified in a species sensitivity distribution (SSD) analysis for chronic effects 
from PFOA exposure to 24 species from 8 taxonomic groups, including primary producers, fishes, 
amphibians, crustaceans, rotifers, mollusks, insects, and other invertebrates. The SSD was submitted 
by Inhance and EPA accepted it. Both Inhance and EPA found the PFOA data would be an acceptable 
analogue for the other eight SNUN substances and all of the SNUN substances are considered toxic to 
aquatic life. Based on the EPA criteria for chronic toxicity concern for aquatic organisms, all nine are 
rated T2 for ecological hazard (see Section 3.4.1). However, the appropriate and available 
environmental organism toxicity data are on only one of the nine SNUN substances (PFOA); showing a 
lack of robust environmental toxicity information for the other eight SNUN substances. 
 
Identified human health hazards include systemic, reproductive, developmental and carcinogenic 
effects. Based on the best available information, including information submitted by Inhance, toxicity 
information supports a human health toxicity score of T2 for each of the nine SNUN substances (see 
Section 3.4.2). In fact, one of the SNUN substances (PFOA) has long been the focus of studies related to 
PFAS and is extremely toxic and persistent, with a half-life in humans of approximately 2-3 years. The 
other two SNUN substances with substantial available data (PFNA and PFDA) are also highly toxic. 
Although some toxicity data are available for five of the other SNUN substances (PFTrDA lacks toxicity 
data), collectively there is a lack of the appropriate toxicity information for this group of PFAS to inform 
hazard and possible dose-response/bioaccumulation information in humans. This overall lack of 
sufficient information – coupled with the available information on some PFAS - is indicative of the 
general concern for PFAS and their unique toxicity characteristics in terms of potency, persistence and 
bioaccumulation. 
 
In line with the EPA New Chemicals Program PBT Policy (US EPA, 1999) and consistent with the recently 
released US EPA PFAS Framework (US EPA, 2023a), the New Chemicals program concludes that each of 
the nine SNUN substances are PBT substances, which means they are expected to accumulate over 
time in the environment, humans and environmental organisms.  
 
The nine SNUN substances leach or are released into the contents of the fluorinated containers over 
time through regular use of the containers, including use of the containers for storage. The existence of 
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these nine SNUN substances on and/or in the fluorinated plastic containers – and the eventual leaching 
into the contents of the fluorinated containers – results in releases and exposures. Exposure to the 
nine SNUN substances is expected during the manufacture, processing, distribution, use and disposal 
of the fluorinated containers that contain these nine SNUN substances. Based on the current 
fluorination process and the diverse uses of the millions of fluorinated containers, and consistent with 
the PFAS Framework, releases to the environment of the SNUN substances produced as byproducts 
during Inhance’s fluorination process are expected to be unavoidable and, because of the numerous 
and diverse pathways for exposure to these SNUN substances – especially to consumers -  exposure 
will occur to these persistent, bioaccumulative and toxic chemicals.  
 
There is also expected to be an additive hazard and exposure concern because the nine SNUN 
substances co-exist. Additionally, though the SNUNs and this analysis are limited to the nine SNUN 
substances, there is evidence that other potentially hazardous PFAS are formed during the fluorination 
process (see Section 1.2.2.). Due to the additive and compounding exposures, there is added concern 
for this type of byproduct formation and the release and potential exposure of PFAS to human health 
and the environment.  
 
Consistent with the recently released PFAS Framework, the New Chemicals Program concludes there is 
risk from the manufacture, distribution, use, and disposal of the nine SNUN substances based on the 
PBT nature of the nine SNUN substances and the potential or expected exposures to workers, the 
general population, consumers and environmental organisms. Because these nine SNUN substances 
are PBTs, they are expected to accumulate over time. Three of the SNUN substances, PFOA, PFNA and 
PFDA, are extremely toxic. Seven of the SNUNs have been detected in US human serum samples 
(PFOA, PFNA, PFDA, PFuDA, PFDoA, PFTrDA, and PFTeDA). There are substantial scientific limitations 
on quantifying risk for bioaccumulative substances. Current quantitative risk assessments for such 
substances consider risk at only a single point in time; as was done in the risk assessments submitted 
by Inhance. Thus, Inhance’s quantitative risk assessment underestimates the risk due to the 
unquantified buildup of the nine SNUN substances (for both toxicity and exposure) over time. In 
addition, as noted in Section 2.4 of this document, additional risks may be associated with existing 
levels of PFAS in both the environment and human serum (i.e., background levels of PFAS) and possible 
additive effects from exposures to the nine SNUN substances together.  

6 Potentially Useful Information  
“Potentially useful information” is a term used to describe those data gaps that, if filled with case-
specific information, may reduce uncertainty and provide a more accurate PBT assessment for a 
premanufacture notice or significant new use notice. The case-specific information refers to 
information on both compound and components of interest considered in an assessment, which may 
include expected degradation, hydrolysis and incineration products. The goal of testing requirements 
for the New Chemical Program is to obtain empirical data with case-specific information, which can be 
used to remove uncertainties in the risk assessment and better inform the risk management approach.  
 
A tiered testing approach is used to facilitate evaluation of PFAS substances in the New Chemicals 
Program, in alignment with the PFAS Framework (US EPA, 2023a) and the National PFAS Testing 
Strategy (US EPA, 2021b). There are two tiers - with Tier 1 testing aimed at collecting information on 
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physical chemical properties, genetic toxicity and toxicokinetics; and in some cases in vitro dermal 
absorption studies. Tier 2 includes testing to provide additional information on bioaccumulation 
potential and repeat dose testing. Tier 1 physical chemical properties and toxicokinetics testing will 
also inform the choice and design of toxicity studies. The potentially useful information for SN -23-
0002-0006 and SN-23-0008-0011, based on this risk assessment, is outlined in Table 13 in this section, 
based on the tiered testing approach.  
 
In Appendix A, the purpose of each study is identified to guide higher tier testing and to inform the risk 
management approach. Where sufficient information are available, including where information 
submitted by Inhance was sufficient, testing is noted as not applicable in these appendix tables. 
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