5 November 2019
[bookmark: _GoBack]COMMENTS ON AN ANNEX XV DOSSIER FOR IDENTIFCATION OF A SUBSTANCE AS SVHC AND RESPONSES TO THESE COMMENTS

Substance name: Perfluorobutane sulfonic acid (PFBS) and its salts
CAS number: -
EC number: -

The substance is proposed to be identified as meeting the following SVHC criteria set out in Article 57 of the REACH Regulation: Equivalent level of concern having probable serious effects on the environment (Article 57f), Equivalent level of concern having probable serious effects on human health (Article 57f)

Disclaimer: Comments provided during public consultation are made available as submitted by the commenting parties. It was in the commenting parties own responsibility to ensure that their comments do not contain confidential information. The Response to Comments table has been prepared by the competent authority of the Member State preparing the proposal for identification of a substance of very high concern. 

PART I: Comments and responses to comments on the SVHC proposal and its justification

General comments on the SVHC proposal
	Number / Date
	Submitted by (name, submitter type, country)
	Comment
	Responses

	5340
2019/10/18
	SEMI,
Industry or trade association,
Belgium
	Concerning environmental hazard assessment: Experimental data are available for Bis(nonafluorobutyl)phosphinic acid, CAS 52299-25-9 . The substance was registered under REACH. The data are disseminated under https://echa.europa.eu/de/registration-dossier/-/registered-dossier/8036/1 (excluding the bioaccumulation study). This substance is considered as very similar to PFBS. A bioaccumulation study with a reduced number of fishes (compared to OECD 305) showed no significant update of the substance in fish. The BCF was < 12.

Concerning PBT/vPvB and equivalent level of concern assessment: A designation of PBT or vPvB should not be assigned to this substance as there is evidence that PFBS has a low bioaccumulation factor. See:

1) Int. J. Environ. Res. Public Health 2019, 16, 1692; doi:10.3390/ijerph16101692,
Pan et al estimated the BAFs of 14 different PFAAs by measuring the concentration of the various PFAAs, including PFBS, in the water and the fish from Lake Chaohu in China. The greatest average log BAF for fish species was found for PFDA (3.50) followed by PFOS (3.35) and PFNA (3.31), whereas other PFAAs showed relatively lower average log BAF values, ranging from 1.45 to 2.85. This result agrees with the conclusions drawn by previous studies that PFCAs with ≤7 fluorinated carbons are not considered bioaccumulative, and the bioaccumulative potential is limited by the molecular size of PFCAs with ≥11–12 fluorinated carbons.

2) Chemosphere 167 (2017) 98-106, http://dx.doi.org/10.1016/j.chemosphere.2016.09.146
Zhou et al estimated BAFs in submerged plants and reported increasing BAFs with increasing chain length, suggesting the absorption of long-chain PFASs was stronger than short-chain PFASs. The mean BAFs of PFOS in submerged plants were almost the highest among all the PFASs, which were much more than BAFs of PFBS. BAFs of PFOA were also high, but lower than PFOS.

3) Environmental International 113 (2018) 1-9, https://doi.org/10.1016/j.envint.2018.01.011
Gomis et al 2018 modeled the bioaccumulation potential of 6 PFAAs in rats following a 10-day oral exposure to 1 mg/kg/day. The model showed that the AUCs in serum increased together with the chain-length among the PFCA and PFSA homologues. PFBA was the only exception due to a four-time longer elimination half-life compared to PFHxA (see Table S1 in the SM). In addition, the model simulation showed that PFBA, PFHxA, GenX and PFBS already reached steady-state conditions at the end of the first 24 h after the first dose. In contrast, PFOA and PFOS were still accumulating at the 10th day of the simulation. According to the authors, the binding affinity increased with chain-length and was also influenced by the functional group. For shorter-chain homologues (i.e. PFBS), the binding to the plasma protein fraction decreases as the concentration increases, indicating a potential saturation of the available binding sites

4) Chemico-Biological Interactions 281 (2018) 1-10, https://doi.org/10.1016/j.cbi.2017.12.021
Garcia et al 2018 looked at the cellular bioaccumulation potential and lipid binding of PFOS, PFOA, PFHxA and PFBS in vitro. The authors found that the cellular accumulation and retention correspond well to the phospholipid binding (CHIIAM7.4) and LogD7.4, whereas less so to LogP data. The shorter chain derivatives PFBS and PFHxA did not accumulate to any appreciable extent. Therefore, the authors concluded that the cellular accumulation potential of the four PFASs corresponded well to their respective half-life ranking in humans, monkeys and rodents.

5) https://www.nicnas.gov.au/chemical-information/imap-assessments/imap-assessments/tier-ii-environment-assessments/perfluorobutanesulfonic-acid-and-its-direct-precursors#KeyFindings
See the Key Findings section where they talk to the low bioaccumulation potential.

6) https://rd.springer.com/chapter/10.1007%2F978-3-319-15518-0_6#Sec9
Study showing the bioaccumulation levels relative to several mammal species. See Table 6.2 in Section 6.5 – Clearance.
https://www.sciencedirect.com/science/article/pii/S0300483X08005192
Study showing bioaccumulation is much less in Humans, Rats, and Monkeys. See Conclusions.
	

	
	
	
	

	5344
2019/10/18
	Netherlands,
Member State
	p. 20 It is a strong feature of the dossier to compare the persistency of PFBS (C4) not only with its longer C8 homologue (PFOS), but also with its shorter C1 homologue (trifluoromethane sulfonic acid). However we do not understand your choice for including these two homologues only. Could you explain why you did not decide comparing this substance to its closer homologues (i.e. C6 or C3)? Especially for PFHxS an SVHC document including persistence data is already available.

p. 24. Third paragraph below equation 1: Please clarify which statement refers to which group (carboxylic acid of PFCAs).

Page 32. Third paragraph. The last sentence reads as if any experimental result leading to degradation of PFBS should be considered as unreliable on forehand. Please modify the wording.

Page 62. The suggestion that exposure of humans will continue after emissions stops due to sea sprays seems rather speculative. If this will happen it will be on such a scale that it should be considered negligible.

Page 63. On a local scale dispersion of the compound will play a major role (e.g. next to a emission source concentrations will drop once emissions stops). On a larger scale (regional, continental) concentrations are less affected by dilution.

Page 63. What is the origin of the half-lives used in the modelling? Further, because at neutral pH PFBS is almost fully deprotonated, it would be better to use Daw instead of Kaw.

Page 73. Attention is paid to the growth correction of the data. It could be argued that growth correction is not strictly necessary for a substance that is easily excreted from fish (and thus a fast equilibrium between fish and water is reached, although some half-lives tend to be rather long). At the same time the correction applied by Chen et al (2016) is not according to the guideline. According to the OECD 305 k1 and k2 are first determined from the untransformed data after which the k2 is corrected for growth of the fish (k2G). The effect of this alternative method could be shortly discussed.

p. 51 Could you add the findings of Brandsma et al. (2019) to Table 13?

p. 93 Please mention the recent findings by Brandsma et al. (2019) here.

pp. 94-95 It is very difficult to conclude from the field data presented in the SVHC dossier that “recent studies indicate that PFBS is one of the PFASs that show increasing concentrations in various environmental media, including in water and biota”, since these data are not covering a sufficiently dense measuring network. Is this statement therefore meant for specific regions, or worldwide? The latter statement might be too speculative based on the information available, and should therefore merely be presented as a hypothesis in the ELoC chapter. Also, there is no data presented in the SVHC dossier that allows for a comparison between PFBS concentrations and other PFAS concentrations over time.

pp. 95-96 This example mainly illustrates that PFBS is very mobile and rapidly spreads when released to the environment. To us the fact that the substance is detected at pristine areas is more illustrative of long-range transport than environmental distribution from one point-source.  This example therefore does not add much to the dossier.

p. 101 Please consider removing the sentence “However no … mammalian data.” And changing it into the sentence “No cut-off values for human elimination half-lives for fulfilling the B or vB criteria have been defined.” As on p. 84. we agree that PFBS shows moderate bioaccumulation potential in humans based on the information provided by Olsen et al. (2009). We also agree that there is still discussion on the criteria for bioaccumulation data, however it seems incorrect to state that the data cannot be interpreted.

p. 102 Please consider inclusion of potential exposure via foods (such as edible fish or meat) as well as via food packaging and clothing in Section 4.2 to be more conclusive. Otherwise please consider revising this section, moving exposure to Part II of the SVHC dossier.

p. 109 Please consider incorporating the recent findings by Liu et al. (2019) in the section on in vitro findings. This study shows that PFBS exposure causes a decrease in CD90 in mesenchymal stem cells, which could stimulate adipogenesis. Furthermore, the authors report that short-chain PFASs, including PFBS, stimulated human mesenchymal stem cell adipogenic differentiation, evidenced by upregulation of several common adipogenesis marker genes. The effects of PFBS were however not as pronounced as for PFOS and PFOA. Liu et al. (2019) also report that four short-chain PFASs, including PFBS, did not affect human mesenchymal stem cell osteogenic differentiation, contrary to PFOA, which is able to do so.

p. 109 Could you also incorporate the spleen weight decrease reported in Lieder et al. (2009), with the side-note that the authors consider this effect not to be treatment related?

“Absolute and relative (to bodyweight and brain weight) spleen weights were lower than those of control males at all K+PFBS treatment levels. However, there was no trend in this reduction across the 10-fold dose range and no adverse histopathological effects were noted. Furthermore, the spleen weight to body weight percent values obtained for K+PFBS-treated males in this study were close to the central estimate of this parameter based on 16–24-week-old male Sprague–Dawley rats historical control data obtained from 19 studies conducted in the same laboratory between September 1994 and April 2008. In the study reported herein, mean spleen weight to bodyweight percents of 0.181, 0.158 (p≤0.01), 0.172, and 0.163±0.020 (p≤0.05) were obtained for the control, 60, 200, and 600mg/kg-day dose-group males, respectively. The mean (±S.D., range) for this parameter for controls from the 19 historical control studies was 0.159 (±0.015, 0.142–0.207). Therefore, the splenic weight effects were not considered to be of toxicological significance. The 200 and 600 mg/kg-day doses in the male rats were associated with increased adverse clinical observations and reductions in red blood cells, hemoglobin concentration, and hematocrit. Chloride was significantly increased at the 600mg/kg-day dose.”

p. 112 “The effects were … is not available”.  What is meant by this sentence?

pp. 120-122 Could you please incorporate a short discussion on database uncertainty here, based on the conclusions made by the US-EPA (2018), who note that “the observation of decreased thyroid hormone is known to be a crucial element during developmental life stages, particularly for neurodevelopment, and the database is limited by the lack of developmental neurotoxicity studies. In addition, as immunotoxicity is an effect of increasing concern across several members of the larger PFAS family, the lack of studies evaluating this outcome following PFBS exposure is a limitation in the database.”

p. 122 “However, in general, … health challenges”. Gomis et al. (2018) did correct for the internal PFBS- concentration in the liver and noted that no robust conclusions could be drawn on the relative internal potencies of PFOS and PFBS. However, they state that “for PFBS, the administered dose should be up to 2000 times higher to achieve the same magnitude in serum and liver concentrations as PFOS, which is due to the higher bioaccumulation potential of PFOS in serum and in liver”.  We think the main message of this paragraph should be that, however the toxicity of PFBS appears to be low, PFBS may contribute to mixture toxicity effects of PFAS. The unforeseen and unwanted health challenges are more closely interlinked with life-long exposure effects that cannot be tested for in traditional toxicity studies. The latter should however be part of the ELoC assessment and should not be discussed in Chapter 4.

p. 123. Some of the effect concentrations in the acute toxicity test are so high that it cannot be excluded that toxicity is caused by the couterion, e.g. potassium. Please add some remarks on the toxicity of the counterions in the dossier.

p.125. Nauplii is not a Latin name but a a lifestage of Artemia.

p. 126 Chen et al. (2018b). Could you please incorporate the dosages at which these effects occurred, or refer to Table 31 for this?

p. 128 It might be mentioned here that the studies for the marine medaka show effect concentrations that are orders of magnitude lower than the other effect concentrations. This can only be explained if the endpoint or the species is very sensitive. It might be the thyroid function related endpoints that are much more sensitive than other endpoints and are not included in the other tests, including the ELS with zebrafish.

p. 140 We specifically would like to note that according to the NL CA, it is no requirement for a substance to meet the “T” criteria for the environment as mentioned in Annex XIII of REACH. We agree with you that the ecotoxicological data showing developmental effects in fish are considered to fulfil the T criteria for the environment of Annex XIII of REACH, i.e. reduced body weight and length (NOEC of 1.0 μg/L), delay in hatching (LOEC 1.0 μg/L), reduced egg production (NOEC 1.0 μg/L) and a skewed sex ratio (NOEC of 2.9 μg/L). Other endpoint are not necessarily considered as population relevant.

p. 144 “No final conclusion … moderate bioaccumulation potential.” Consider removing these sentences for the reasons provided in the comment on p. 101.

p. 145 “Other effects of … data are insufficient.” What do you mean by this sentence? Data are insufficient to conclude on the toxic potential of the substance for these end-points?

p. 145 “In general, toxicological … to be lower.” Consider to include here the following sentence: “However, the observed adverse health effects observed for PFBS may contribute to mixture toxicity effects of PFAS.”

p. 148 “Monitoring data confirm … drinking water sources.” These sentences do not illustrate that the intrinsic properties of the substance result in irreversible and increasing contamination of surface water, marine water and groundwater. These points are captured under Section 6.3.2.3 and are not at place here.

p. 150 “Toxicological data obtained … in Section 6.3.1.8”. This summary sentence should also include the endocrine system and effects on development.

pp. 150-151 “PFBS has been …  fulfilled for PFBS.” This paragraph should reflect more clearly which effects are applicable for classification, and which effects are taken up as supporting information. Consider to revise this section in the way as presented on p. 146:

The ecotoxicological data showing developmental effects in fish (reduced body weight and length (NOEC of 1.0 μg/L); delay in hatching (LOEC 1.0 μg/L); reduced egg production
(NOEC 1.0 μg/L); and a skewed sex ratio (NOEC of 2.9 μg/L)) are considered to fulfil the T criteria for the environment of Annex XIII of REACH. This conclusion is supported by
effects of PFBS on the visual system of marine medakas with a NOEC < 1.0 μg/L.

p. 152 “The relative toxic … in a study”. Could you be more precise here and explain why you mention this study, and what study this is? Or otherwise consider deleting this sentence.

p. 153 “The relative toxic … in a study”. See previous comment.

General comments regarding the ELoC assessment
We largely agree with the ELoC assessment and the elements brought up motivating the concern for PFBS. However, we do see several points for further improvement.

One important element of the ELoC is to argue the presence of probable severe adverse effects for environmental health or human health. For environmental health, this has been done to some extend but for human health this is much less elaborated on. We suggest to make this more explicit in naming the different effects observed and indicating how these contribute to the weight of evidence. Furthermore, in our opinion the observed indication for some bioaccumulation potential in humans is an important argument in de ELoC assessment, which is currently not so well addressed as a possible ELoC element.

A second important element is the combination of high persistency with high mobility and the presence of multiple “precursor” substances that degrade to PFBS resulting in an irreversible environmental presence and an increasing overall environmental abundance even after cessation of use of these substances. However, this increase is not endless and it is not so that locally exposure will occur to “the whole released mass”. We agree that the persistency and mobility and degradation of precursor substances is of high concern, but suggest that the way this is described is somewhat further detailed at the appropriate places in the discussion to reflect these nuances.

Another more general comment is the statement that PFBS cannot be easily removed from drinking water or the environment, where it lacks a reference to efficiency studies on water remediation techniques. If possible, we would suggest that this is further substantiated.

Last, consider separating the facts from the interpretation of facts, i.e. present the scientific data in Chapter 1-5 and leave the interpretation of data to the ELoC chapter. Removing statements from specific places in the latter chapters has been indicated in our previous comments.

Specific comments related to the ELoC assessment
pp. 155-156 “PFBS has due … impairment at large”. As stated in our main comment, we believe that the persistence and mobility of the substance are the main properties of concern leading to irreversible contamination, and supporting elements of concern are adverse effects to human health and the environment and mixture toxicity. Could you try to reflect the weight of evidence of elements of concern in this paragraph?

p.155 last sentence on the page: concentrations refers to environmental concentrations?

p. 160
par.2 “all part of the same equilibrium” is an unclear statement. Consider rephrasing;
par. 3 consider deleting “several concerns”;
par. 5 specify the different concerns for HH effects and how they are included in the weight of evidence;
par. 7 consider to add uncertainty of effects as a consequence of long-term low dose exposure (especially in the light of the endocrine effects observed this may be of high relevance);
par 9. The current paragraph on bioaccumulation is very concise, please consider to add more information and to put these observations in further perspective, stating that the limited data shows that the substance at least has a moderate bioaccumulation potential in humans.

Table 40: consider adding the possible signals for mild bioaccumulation to at least the elements of intergenerational effects and uncertainty in quantifying exposure and uncertainties in deriving safe exposure levels. Consider adding that co-exposure to other PFAS is not a hypothetical concern but is based on current monitoring data.

Section 6.3.4. general comment: there is still relatively much repetition in this section. Possibly this can be further optimized by changing the structure of the written texts somewhat.
References:

Brandsma, S. H., Koekkoek, J. C., van Velzen, M. J. M., & de Boer, J. (2019). The PFOA substitute GenX detected in the environment near a fluoropolymer manufacturing plant in the Netherlands. Chemosphere, 220, 493-500.

Gebbink, W. A., van Asseldonk, L., & van Leeuwen, S. P. (2017). Presence of emerging per-and polyfluoroalkyl substances (PFASs) in river and drinking water near a fluorochemical production plant in the Netherlands. Environmental science & technology, 51(19), 11057-11065.

Gomis, M. I., Vestergren, R., Borg, D., & Cousins, I. T. (2018). Comparing the toxic potency in vivo of long-chain perfluoroalkyl acids and fluorinated alternatives. Environment international, 113, 1-9.

Lieder, P. H., Chang, S. C., York, R. G., & Butenhoff, J. L. (2009). Toxicological evaluation of potassium perfluorobutanesulfonate in a 90-day oral gavage study with Sprague–Dawley rats. Toxicology, 255(1-2), 45-52.

Liu, S., Yang, R., Yin, N., & Faiola, F. (2020). The short-chain perfluorinated compounds PFBS, PFHxS, PFBA and PFHxA, disrupt human mesenchymal stem cell self-renewal and adipogenic differentiation. Journal of Environmental Sciences, 88, 187-199.

US-EPA. (2018). Human health toxicity values for perfluorobutane sulfonic acid (CASNR 375-73-5) and related compound potassium perfluorobutane sulfonate (CASNR 29420-49-3). EPA Document Number 823-R-18-307. https://www.epa.gov/sites/production/files/2018-11/documents/pfbs_public_comment_draft_toxicity_assessment_nov2018-508.pdf
Zafeiraki, E., Gebbink, W. A., Hoogenboom, R. L., Kotterman, M., Kwadijk, C., Dassenakis, E., & van Leeuwen, S. P. (2019). Occurrence of perfluoroalkyl substances (PFASs) in a large number of wild and farmed aquatic animals collected in the Netherlands. Chemosphere, 232, 415-423.
	

	
	
	
	

	5346
2019/10/18
	Cefic,
Industry or trade association,
Belgium
	
	

	
	
	Attachment: 5346_2019 04 29_Cefic updated reflection on SVHC_ELoC for env.pdf


	

	5348
2019/10/18
	3M Belgium,
Company,
Belgium
	
	

	
	
	Attachment: 5348_3M comments.pdf


	

	5349
2019/10/18
	SABIC Innovative Plastics BV,
Company,
Netherlands
	
	

	
	
	Attachment: 5349_PFBS rebuttal to SVHC categorisation.pdf


	

	5350
2019/10/18
	LANXESS Deutschland GmbH,
Company,
Germany
	Please find comments for all Parts in the attached document.
	

	
	
	Attachment: 5350_LANXESS_Comments_SVHCproposalPFBSandsalts.pdf


	

	5351
2019/10/18
	ASD-EUROSPACE,
Industry or trade association,
France
	
	

	
	
	Attachment: 5351_ASD-Eurospace comments on PFBS and its salts-18102019-Final.pdf


	

	5352
2019/10/18
	American Chemistry Council,
Industry or trade association,
United States
	Finally, before identifying any ELoC for the environment, general criteria should be developed. These criteria should include demonstration of how a substance being proposed as ELoC for the environment has serious and irreversible effects on human health or the environment.  Before any substance-specific case based on ELoC for the environment is assessed, a policy discussion on the applicability of ELoC criteria to the environment is required, and agreement needs to be reached on any relevant assessment methodologies.  In general, where possible, hazard information must be put into appropriate context of realistic exposures.

The EU Commission recently addressed this issue in response to the Parliamentary question for written answer E-000641-19.  In response to questions regarding if there is a mutual agreement and understanding of what constitutes an equivalent level of concern under Article 57(f), the EU Commission indicated that while criteria have been agreed upon in the case of sensitizers, criteria have not been agreed upon for other effects. The EU Commission states:

Due to that, the Commission announced in 2018 in the REACH Review that it will ensure  together with ECHA and Member States that criteria for the identification of substances of very  high concern (SVHC) requiring an assessment of ELoC are developed and applied in a consistent  manner.

ACC supports the adoption of clear criteria before Article 57(f) can be used for evaluating substances based on environmental criteria.
	

	
	
	Attachment: 5352_FINAL_ACC Comments to ECHA PFBS 101819.pdf


	

	5354
2019/10/23
	FluoroCouncil,
Industry or trade association,
United States
	Attached are the comments of the FluoroCouncil re: the PFBS SVHC proposal consultation.
	

	
	
	Attachment: 5354_FINAL FluoroCouncil response PFBS SVHC consultation 18-10-19 .pdf


	

	5357
2019/11/04
	Sweden,
Member State
	
	

	
	
	Attachment: 5357_Nyberg et al 2018 (003).pdf



	





Specific comments on the justification
	Number / Date
	Submitted by (name, submitter type, country)
	Comment
	Responses

	5322
2019/10/08
	Germany,
Member State
	The German CA supports this proposal to identify PFBS and its salts as substances of equivalent level of concern to Art. 57 a-e.

Identity of the substance:
it is very clearly and understandably described which substance or group of substances is addressed in the report.

ELoC assessment:
Chapter 6 clearly depicts the equivalent level of concern and follows a case-by-case approach using the weight of evidence evaluation. The DE CA strongly supports this case-by-case approach. The DE CA supports the approach how the ELoC has been shown.
The DE CA agrees that the concerns address the same key concerns as for PBT substances i.e. effects are unpredictable in the long-term, and difficult to reverse as cessation of emission will not necessarily result in a reduction in substance concentration and the potential of contamination of remote areas. In fact, persistency and ecotoxic effects fulfill the criteria of Annex XIII.

Once released, PFBS stays in the environment, and is distributed on a wide scale because PFBS is an extremely persistent and mobile substance. Future generation will be faced with these contaminations. There are no natural barriers. Sediment and soil do not function as sink for the substance in similar manner as for, e.g., heavy metals or most of persistent organic pollutants. As made clear in the dossier, removal is difficult due to its low adsorption potential. Effects will not only occur on the point of release but also far away from its point of release due to potential for wide spreading especially via the aqueous compartments. As outlined in the dossier PFBS bioaccumulates to a lesser extent. However, non-reversible environmental background concentrations lead to long-term continuous exposure and could lead to toxic effects in the same way as for bioaccumulative substances. As outlined in the dossier either mobile or bioaccumulative substances would seem to share the same concern for the development of high internal concentrations, which trigger effects. Furthermore, a high protein binding potential leads to a facilitated tissue distribution. In several studies the dossier has listed, it is shown that PFBS accumulates in plants and is found in drinking water. If emissions continue, concentration in environmental media relevant for human nutrition (e.g. vegetables and drinking water) will increase and these resources cannot be used for human consumption anymore. In consequence, PFBS will effect the health of the general population in the future. Therefore, emissions need to be reduced.

Human health hazard assessment:
It could be useful to cite the EFSA/ECHA guidance document on endocrine disruptors and the effects of ED on the thyroid (doi: 10.2903/j.efsa.2018.5311).

p. 101, Toxicokinetics 4.1.2 Human information: Please replace the citation Olsen et al. 2009a with Olsen et al 2009b. Olsen et al 2009b represents the paper on the pharmacokinetics of PFBS. Olsen et al. 2009a deals with a review on human fetal development.

p. 102. Toxicokinetics – table 27, row humans. Replace the citation Olsen et al. 2009a with Olsen et al 2009b. Olsen et al 2009b represents the paper on the pharmacokinetics of PFBS.

P 106. 4.3. Levels of PFBS in humans – table 28. Please include the paper of Calafat et al. 2019 (Calafat AM, Kato K, Hubbard K, Jia T, Botelho JC, Wong LY, 2019 Legacy and alternative per-and polyfluoroalkyl substances in the U.S. general population: Paired serum-urine data from the 2013-2014 National Health and Nutrition Examination Survey. Environmental International 131, 105048). The study proved the presence of PFBS in 9.1 % serum samples of children aged 6 to 11 years (n = 148).
	

	
	
	
	

	5325
2019/10/09
	ChemSec,
International NGO,
Sweden
	ChemSec agrees to the identification of PFBS and its salt as SVHCs of equivalent level of concern both for the environment and for human health. The dossier is impressive, proving the hazardous properties as well as the wide-spread occurrence in humans, wildlife and the environment. The intrinsic properties very Persistent and very Mobile are clearly presented referring to relevant and convincing data. Additionally, the shown endocrine disrupting effects, targeting the thyroid system in fish and rodents give reason for high concern for both human health and wildlife. We welcome further regulatory actions on this substance.
	

	
	
	
	

	5333
2019/10/11
	EEB,
International NGO,
Belgium
	EEB thanks Norway for submitting the SVHC proposal on Perfluorobutane sulfonic acid and all of its salts (PFBS and its salts). The dossier provides a comprehensive motivation for the SVHC identification of PFBS and its salts. EEB supports the proposal to identify PFBS and its salts as SVHC according to Article 57(f) of the REACH Regulation.

EEB would like to point at a new in vitro study reporting developmental effects at low doses of PFBS. Whereas the SVHC dossier reports in vitro effects in the μmol/L range, a new study reports effects in human mesenchymal cells at human relevant doses (in the nmol/L range). PFBS exposure caused amongst others perturbation of cell self-renewal, stimulation of adipogenesis and effects on adipogenic differentiation resulting in more lipid accumulation, similar to PFOS and PFOA but with milder effects. This study is a mechanistic study shedding more light on the similarities, differences and trends in the perfluorinated acids families. As such it advantageously complements the more empirical standardised studies by considering aspects that might otherwise be overlooked.
Liu et al., 2020: The short-chain perfluorinated compounds PFBS, PFHxS, PFBA and PFHxA, disrupt human mesenchymal stem cell self-renewal and adipogenic differentiation. Journal of environmental sciences 88 (2020) 187 - 199.

The scientific evidence of the toxic effects of PFBS on man and the environment will accumulate in the future and contribute further to the already existing evidence of toxic effects by PFBS that are reported at low concentrations in a wide variety of species, including amphibians, fish, rodents and man. Developmental effects in fish are reported at low concentrations (< 10 μg/L), including reduced body weight and length, delay in hatching, reduced egg production and skewed sex ratio. Furthermore effects have been reported in liver, kidneys, stomach and hematological systems in repeated dose toxicity studies with rats.  Reproductive toxic effects have been reported in mice following prenatal exposure to PFBS, including delay in perinatal growth and pubertal onset and changes in reproductive organ development. Endocrine effects are reported for amphibians, fish and mammals. The reported effects are of particular concern for vulnerable species, sensitive life stages and future generations.

PFBS can be considered extremely persistent and mobile in the environment. The substance has a high long-range transport potential and has been found ubiquitously in the aqueous environment, including remote areas and groundwater. Due to its extreme persistency, the substance will remain in these compartments for decades or even centuries. PFBS has been detected widely in drinking water across Europe, including France, Germany, Italy and Spain. PFBS is also found in biota across the globe, such as whales, dolphins, and threatened species like polar bears and green turtles. The findings of PFBS in sensitive life stages, such as fetus of whales and bird eggs is of serious concern.  It is furthermore detected in a wide variety of human tissues, including human blood, lung, bone, kidney, urine, and hair. Findings of PFBS in human cord blood indicate prenatal exposure of the unborn child. Increasing trends are reported for concentrations of PFBS in water, biota and human blood over the years, indicating an increasing accumulation in the environment. The combination of these properties will lead to continuous and irreversible exposure of future generations via food and drinking water.

In conclusion, PFBS and its salts should be identified as substances of very high concern because of evidence of serious adverse effects on human health and the environment in  combination with irreversible and prolonged exposure of man and the environment, giving rise to an equivalent level of concern to substance properties listed in points (a) to (e) of Article 57 of the REACH Regulation.
	

	
	
	
	

	5334
2019/10/11
	Health and Environment Alliance (HEAL),
International NGO,
Belgium
	The Health and Environment Alliance (HEAL) thanks Norway for proposing the identification of Perfluorobutane sulfonic acid (PFBS) and its salts as SVHC based on article 57(f) and fully supports this identification.

The present supporting dossier is well structured and justified.

PFBS is a short-chain PFAS, which has been increasingly used as a replacement to longer-chain ones. PFBS has been reported to be used as a replacement of PFOS – e.g. in stain-repellent materials used in industrial and consumer products and applications.

PFBS is structurally similar to PFOS. Although it is less bioaccumulative, it is still very persistent. According to HEAL, high persistence alone should be a sufficient reason for SVHC identification under article 57(f). Due to high persistence, high mobility (particularly in the aqueous environment) and potential for long-range transport, as long as emissions of PFBS will continue in the environment, the serious effects for health and environment already visible from existing data will remain and potentially increase to become irreversible.

PFBS has been  detected  in  human  blood,  lung,  bone,  kidney,  urine  and  hair.  It is found in surface waters in remote areas such as the Arctic and Antartic, confirming its potential for long-range transport. According to IPCHEM data, we also know that the substance is present in surface and waste waters in Europe (such as the North of Italy). On the other hand, it is acknowledged that removing the substance from drinking water is challenging due to low adsorption potential and costly. This increases concerns about the impossibility to avoid human exposure to the substance.

Evidence well-described in the dossier already reports adverse effects of PFBS exposure at low concentrations in several species, including amphibians, fish, rodents and man.

Animal studies suggest that the thyroid seems to be a potential target organ for PFBS toxicity in animals as well as humans. Endocrine disturbances, such as decrease in T3 and T4 levels, have been shown after prenatal PFBS-exposure of mice, both in mother and their offspring, and supported by ecotoxicity studies. This suggest that PFBS is a potential endocrine disruptor – it is in fact already listed as such by the US platform Endocrine Disruption Exchange (TEDX).

According to recent animal studies conducted in the US by the National Toxicology Programme (NTP), short-chain PFAS (including PFBS) affect the same organs as long-chain PFAS, including liver and thyroid. During the studies, the rats who were administered PFBS showed reduced survival rates and lower body weight. For more information, see TOX 96, August 2019, https://ntp.niehs.nih.gov/publications/reports/tox/000s/tox096/index.html?utm_source=direct&utm_medium=prod&utm_campaign=ntpgolinks&utm_term=tox096abs

Taken together, these elements point to severe effects of PFBS for human health and the environment and support the identification of PFBS and its salts as SVHC under article 57(f).
	

	
	
	
	

	5335
2019/10/11
	ClientEarth,
International NGO,
Belgium
	ClientEarth thanks Norway for submitting this thorough proposal establishing without doubt that PFBS and its salts are a substance of very high concern under Article 57 f). ClientEarth supports the identification of PFBS and its salts as proposed by Norway, and commends Norway in particular for the care with which it explained the reasons why these substances were considered as having an equivalent level of concern.
	

	
	
	
	

	5339
2019/10/17
	European Semiconductor Industry Association
Industry or trade association
Belgium
	ESIA represents the European Semiconductor manufacturing Industry sector and is a downstream stream industrial user of PFBS in small but technologically critical quantities. As such ESIA is not in a position to comment on the identity and properties of PFBS and its salts as outlined in the SVHC dossier.
	

	5341
2019/10/18
	ANSES,
National Authority,
France
	ANSES generally support the analysis of the properties of PFBS and its salt and the rationale that concludes that it raises an equivalent level of concern relevant for SVHC identification according to 57f. ANSES considers that the concerns raised by PFBS and its salts are mainly articulated on 3 aspects:
- Persistence and mobility of PFBS and salts is expected to lead to irreversible and increasing contamination of the environment. The monitoring data reported at different locations (even in remote locations as artic and antartic) and systems (freshwater, marine, groundwater, ice, snow etc.) also show the global water contamination around the world.
- PFBS is not readily removed with conventional water purification techniques, leading to a  contamination of water (including human drinking water). This in combination with the fact that contamination is also found in food through enrichment of plants raise a concern for an increasing exposure of biota and humans. This includes sensitive windows of exposure to sensitive life stages as transfer to eggs in birds or through placenta in mammals is observed. PFBS has been measured in different wildlife species including threatened/vulnerable species. PFBS and its salts exert toxicity relevant for humans and environment. In particular, disruption of thyroid hormone raises specific concern as thyroid hormones regulates a number of important physiological function (growth, metabolism, brain). The effects of PFBS and its salts via thyroid disruption on these functions are not fully characterised, due to their possible large scope as well as to the poor capacity of regulatory tests to explore these functions in details. There is therefore a concern that a safe level cannot be established with a sufficient certainty due to ED properties of PFBS and its salts. Considering the information from marine fish medaka the substance exerts several toxic effects that may have serious implications on a population level.
- This, in conjunction with the difficulty to control and restrain exposure levels indeed raise major concerns.

More specific comments are provided below.
In relation to mutagenicity, it is noted that results of in vitro as well as in vivo (micronucleus study) studies are presented in the recent NTP report (Tox 96) and confirm the absence of mutagenic potential of PFBS. https://ntp.niehs.nih.gov/ntp/htdocs/st_rpts/tox096_508.pdf?utm_source=direct&utm_medium=prod&utm_campaign=ntpgolinks&utm_term=tox096

In relation to immunotoxicity, the paragraph in section 4.10.1.2 does not provide information that are very specific of a possible immunotoxic response. The immunotoxic potential of PFBS remains therefore largely unexplored in vivo.

In relation to endocrine disruption, a consistent decrease in thyroid hormones (TH) is observed in the two studies that measure TH, in rats and mice. It is accompanied in the study by Feng 2017 by an increased level of TSH. This attempt to compensate the decrease of TH indicates that the decrease of TH is sufficient to induce a physiological response. No direct effects are observed on thyroid weight or histopathology. However, increased thyroid weight and proliferative changes are induced by a sustained compensatory activity. They may therefore need longer exposure to appear and are therefore not essential to demonstrate adversity of the dysregulation of thyroid hormones.
The offspring of mice exposed during gestation to PFBS (dams that experienced decreased TH levels), exhibit decreases in serum estrogen and progesterone levels with the elevation of luteinising hormone levels and deficits in perinatal growth, pubertal onset, and reproductive organ development female (Feng 2017). Thyroid hormones are essential for normal development and the regulation of basal metabolism (Jomaa 2015 ) and the biological plausibility that the delay in offspring growth can be related to developmental hypothyroidy is therefore strong. Although the possible link with low maternal thyroid hormones is not clear, the pattern of effects of the development of female reproductive function and organs together with alteration of E2 and P4 levels points toward an alteration of hormonal control linked to sexual function. In addition, the review Choksi et al. (2003) concludes that developmental hypothyroidism alters female reproductive tract development in rats.

The absence of understanding of the specific mechanism of action (or mechanisms that may superimpose) of disruption of thyroid hormones is not a prerequisite in the identification of an endocrine disruptive mode of action, as required to fulfil the JRC criteria to define an ED.

The decrease in TH is quite well established in this regard and it is noted that ECHA/EFSA guidance (2018) on identification of ED in Biocides and Plant Protection Products considers that “Using the current understanding of thyroid physiology and toxicology (European Commission, 2017), it is proposed that the following be applied when interpreting data from experimental animals:
[…] 2) Substances that alter the circulating levels of T3 and/or T4 without histopathological findings would still present a potential concern for neurodevelopment.” (emphasis added). This is consistent with AOP 42 (“Inhibition of Thyroperoxidase and Subsequent Adverse Neurodevelopmental Outcomes in Mammals ”) that have been endorsed by TFHA/WNT, that considers that the relationship between decreased T4 in serum and decreased cognitive function (relationship 403 ) is considered to be documented with a high level of evidence, relevant for rats, mice and humans.
It is acknowledged that the SVHC identification is not based on the ED properties of PFBS. However,  it is considered that alteration of TH by PFBS is well established and it raises concern on that the ED potential can have potential and under-investigated implications on the multiple functions regulated by thyroid hormones and in particular neurodevelopment. This is an additional argument to be added or developed in the overall rationale to demonstrate an ELoC.

In page 142, the paragraph concerning to the persistence, we believe that it is more appropriate to remove the parenthesis regarding the comparison of the hydrolytic half- life with P criteria. According to guideline R 11 PBT assessment: « … the degradation half lifes obtained in a hydrolysis test cannot be compared to the persistence criteria of annex XIII…. ». Based on the information presented in the dossier (Stability of bond C-F, read across and experimental data) it is clear that the substances is vP.

References not present in Annex XV report:
Jomaa, B., de Haan, L., Peijnenburg, A., Bovee, T., Aarts, J. and Rietjens, I. (2015) “Simple and rapid in vitro assay for detecting human thyroid peroxidase disruption”, ALTEX - Alternatives to animal experimentation, 32(3), pp. 191-200. doi: 10.14573/altex.1412201.
Choksi NY et al. (2003). Role of thyroid hormones in human and laboratory animal reproductive health. Birth Defects Res B Dev Reprod Toxicol. 2003 Dec;68(6):479-91. doi:10.1002/bdrb.10045.
JRC (2013). Key Scientific issues relevant to the identification and characterisation of endocrine disrupting substances – Report of the Endocrine Disruptors Expert Advisory Group (ED EAG). Eds. Munn S. and Gourmenou M. Pp 32. Available at: https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/key-scientific-issues-relevant-identification-and-characterisation-endocrine-disrupting
	

	
	
	
	

	5342
2019/10/18
	CHEM Trust Europe,
National NGO,
Germany
	CHEM Trust supports the identification of perfluorobutane sulfonic acid (PFBS) and its salts as SVHC. We would like to thank the dossier submitter for the thorough job in compiling all relevant information. The excellent summary of scientific evidence demonstrates that PFBS is highly persistent, very mobile and fulfils the T criteria for ecotoxicity. Moreover, it shows widespread occurrence of the substance in humans, wildlife and the environment, including in remote regions. The potential for endocrine disrupting properties, targeting the thyroid, highlights the concern for potential adverse effects on humans and wildlife. Thus the dossier makes a convincing case that there is scientific evidence of probable serious effects to the environment and humans, which gives rise to an equivalent level of concern according to article 57(f) of REACH.

PFBS is one of the dominating and increasing PFAS in various environmental compartments away from point sources: Occurrence was reported in surface water, groundwater, drinking water (including tap water and bottled water), marine water and biota. Studies also found the substance in house dust and in human blood and tissue samples, in particular near hot spots.

PFBS has been detected in different species across the globe such as marine mammals including in endangered or vulnerable populations. In whales it was shown that PFBS transfers from mother to foetus. PFBS was also found in birds` eggs, passed on from the mother bird. The findings of PFBS in sensitive life stages and in endangered species are of special concern.

Due to its high-water solubility, PFBS is bioavailable to plants. Enrichment in plants especially in its edible parts like leaves, vegetables and fruits, has been demonstrated by studies and field data. If releases of PFBS to the environment are not minimised, concentrations in vegetables and drinking water relevant for human nutrition will increase further.
The high persistence of PFBS combined with its high mobility, its ability to transfer from mother to the offspring, indications for inter-generational effects and the difficulties and high costs in removing PFBS using end-of-pipe treatment means that potential impacts will continue for decades and centuries even after cessation of emissions, thus presenting a threat also to future generations.

Taken together with the additional evidence on the potential for long-range transport and the fact that structurally similar perfluorinated substances have already been included as PBT or vPvB chemicals in the REACH candidate list this dossier convincingly identifies this compound group as SVHC according to REACH 57 f.
	

	
	
	
	

	5343
2019/10/18
	Sweden,
Member State
	The Swedish CA agrees with the reasoning presented in the dossier.
The most important elements of the ELOC assessment of Perfluorobutane sulfonic acid (PFBS) and its salts are in our view:
• The extreme persistence, which results in that PFBS will remain in the environment for indefinite time and background concentrations will increase. Consequently, this leads to continuous (life long) and most probably increasing exposures of wildlife and humans.
• The mobility in water and soil, which already has resulted in contamination of ground water and drinking water resources. The mobility together with the extreme persistency and other physicochemical properties also leads to a potential for long-range transport and contamination of pristine areas.
• The difficulty of remediation, which means that once drinking water resources have been contaminated with PFBS it will be difficult to remove. Currently, commonly applied remediation methods are not efficient in removing PFBS from wastewater or in drinking water production. The need for future remediation may potentially be very costly to the society.

We consider these elements of concern enough to consider that PFBS fulfils the provisions of article 57(f).
In addition, a number of studies show that PFBS also has effects on biota including mammals. The acute toxicity to aquatic organisms seem to be low but long term fish studies indicate effect levels that fulfils the T criterion for the environment of REACH Annex XIII. The available mammalian toxicity data points to similar effects as for longer chain PFAAs but with a lower potency.
	

	
	
	
	

	5344
2019/10/18
	Netherlands,
Member State
	The Netherlands CA fully supports the identification of PFBS as SVHC under Article 57 (f) of REACH based on the following:

Firstly, PFBS is very persistent, as indicated by the lack of abiotic or biotic degradation under environmental conditions. Secondly, PFBS is very mobile, as indicated by its high solubility in water and its low sorption potential. Thirdly, the high persistency of PFBS in combination with the high mobility of the substance in the aqueous phase, the evidence for long-range transport and the substance its widespread occurrence at present, albeit at low concentrations, leads to the conclusion that potential impacts to human health and the environment will proceed long after cessation of emissions, hence posing an irreversible threat to future generations and illustrating the urge to act now.

These three main issues in combination with the supporting evidence of observed adverse effects to human health and the environment, supporting evidence of moderate bioaccumulation in humans, and the fact that several other perfluoralkyl acids have been identified as SVHC based on PBT, vPvB or ELoC properties leads to the conclusion that PFBS clearly meets the criteria for SVHC under ELoC. The Netherlands CA specifically wants to add to this that in their view meeting the ‘T’ criterion as defined in Annex XIII of REACH is no prerequisite for PFBS to be identified as an SVHC under ELoC; rather it is the combination of the elements of concern that give rise to ELoC to those of other substances listed under points (a) to (e) of Article 57 REACH.

As follow-up of Gebbink et al. (2017), PFBS is still reported to be ubiquitously present in drinking water samples in the Netherlands with concentrations ranging from 2.5-11 ng/L and in/on plant leaves at a concentration of <0.1 - 1.1 ng/g ww (Brandsma et al. 2019). Moreover, PFBS is detected in eels caught between 2010-2016 in several Dutch waters, with tissue sample concentrations ranging from <0.3 – 7.1 ng/g ww, often in presence with other PFASs (Zafeiraki et al. 2019). These data, in combination with the data already present in the SVHC dossier, corresponds to the overall image of persistence, mobility, long-range transport, and widespread occurrence of PFBS in the environment, identifying PFBS in the environment not only as a Dutch but as a worldwide problem.
	

	
	
	
	

	5345
2019/10/18
	Finland,
Member State
	We thank Norway for this proposal. The FI CA acknowledges that SVHC identifications based on the equivalent level of concern (ELoC) in relation to the Art. 57 (f) are made on a case by case basis. Our comments on the proposal are listed below. We question some of the arguments which are used to support the proposed identification of PFBS as an SVHC.

Comments:
page 11 & 160: “It is particularly concerning that PFBS prefers and persists in the aqueous environment, while severe effects of PFBS have been demonstrated for fish, which belong to this particular environmental compartment”
Comment: We suggest to modify “prefers” to “is mainly distributed to” to address the environmental distribution of PFBS more scientifically.

page 12 & 161: (bullet point): “ecotoxic effects fulfilling the T criteria in Annex XIII of REACH …”.          Comment: Particularly as these results are based on a non-guideline study, we think that the proposed fulfilment of the T criterion may still need to be considered and discussed, taking into account the possible comments in the public consultation.

page 12 & 161 (bullet point): “high societal concern”.
Comment: It could be clarified where the high societal concern refers to e.g. “high societal concern for contamination of drinking water sources”.

page 13&161: “The high persistence and high mobility of PFBS together lead to a concern for co-exposure with other contaminants with similar effects on human health and the environment. Coexposure may last for a very long time, because natural degradation processes for these substances are slow or negligible. This is brought into the weight-of-evidence as supportive information.”                                                                 Comment: The wording of REACH on ELoC (Art. 57 (f)) refers to substance specific scientific evidence as a basis of SVHC identification. Thus, wording of Art. 57 (f) does not explicitly refer to considerations of other substances to which the organisms may be exposed simultaneously but it seems to refer to substance specific effects. Since co-exposure is dependent on other substances potentially causing similar effects, co-exposure as an ELoC argument does not seem to be in line with the wording of Art. 57 (f).

Moreover, the concern for co-exposure arises from intrinsic properties of PFBS such as high persistence, mobility and toxicity. These properties as such are already elements of the proposed SVHC identification. We agree that high persistence and mobility can contribute to the concern for co-exposure. However, please consider whether co-exposure with other contaminants with potentially similar effects is necessary and appropriate argument for SVHC identification.

page 28” Brendel et al. (2018) recently summarized the current knowledge on the environmental stability of short chain PFASs and concluded that perfluoroalkyl acids (including PFBS) are extremely persistent, and that they do not undergo abiotic or biotic degradation at all under environmental conditions.”
Comment: Please consider specifying what carbon chain length range is referred to in this publication (if indicated) and what data is used for this conclusion.

page 28” Brendel et al. (2018) recently summarized the current knowledge on the environmental stability of short chain PFASs and concluded that perfluoroalkyl acids (including PFBS) are extremely persistent, and that they do not undergo abiotic or biotic degradation at all under environmental conditions.”
Comment: Please consider specifying what carbon chain length range is referred to in this publication (if indicated) and what data is used for this conclusion.

page 28: “Ateia et al. (2019) point out that the short-chain PFASs are equally persistent as their long-chain counterparts, and that the high solubility of short-chain PFAS in water,  low/moderate sorption to soils and sediments and resistance to biological and chemical degradation has resulted in their widespread presence in various aquatic environments.”
Comment: Please consider specifying what carbon chain length range is referred to in this publication (if indicated) and what data is used for this conclusion.

page 32: “Since biodegradation of the test substance is calculated as the decrease in DOC in the test bottles, corrected for the DOC in the blank control, the unusual values from the blank control can explain what initially looks like biodegradation of KPFBS, which justifies for a Klimisch reliability 3. In conclusion, there is no reliable evidence for biodegradation of KPFBS in this study.”
Comment: Based on ECHA web page, (https://echa.europa.eu/fi/registration-dossier/-/registered-dossier/22432/5/3/2/?documentUUID=54b32b65-8a6a-4af7-bf1e-d61a398a815b), DOC in bottles with test item plus inoculum was 22.0-22.5 mg/l on day 0 and 19.5 mg/l on day 28. The DOC in inoculum blanks was 1.0-3.0 mg/l during the study.  OECD 301E does not include specific validity criteria for inoculum blank. According to OECD 301 E, a test is considered valid if the criteria given in "Data and Reporting" (p. 7) are met. The validity criterion of less than 20% difference of extremes of replicate values of the test chemical at the end of the test seems to be fulfilled as degradation was 13% and 15% in the replicates. Also, the validity criterion regarding the percentage degradation of the reference compound is fulfilled (the pass level reached by day 7). If possible, we recommend checking and reporting whether toxicity, abiotic and adsorption controls were included in the test (not mentioned in Annex XV report or ECHA web page). We note that there is no specific validity criterion for DOC in inoculum blank (or its variation). Therefore, we are not convinced that the variation in inoculum blanks justifies that the study is not reliable. We note that the inoculum blank values are exactly the same (at least within the number of digits used in the web page) among the replicate measurements and flasks within the same day, and it could be speculated that there might be a systematic error/sensitivity difference contributing to the differences between each measurement day. However, even if this was the case, we do not see this as a reason to consider the study not reliable. We also note that there is a strikingly deviating result for one of the replicate measurements for the test plus inoculum flask B (30 mg/l) but this does not affect the calculation of biodegradation after 28 days. Based on substance properties volatilization or adsorption seem unlikely reasons to explain the DOC removal in this case.

Bourgeois et al. (2015) reported that three fluorinated fire-fighting foams fulfilled the pass level for ready biodegradability in a DOC die-away test. The article also states: “Fluoride liberated during AR-AFFF and FP 28-day biodegradation testing were found to be 40.4 and 19.5 µg L-1, respectively, or 0.009% and 0.010% with respect to initial foam mass. These levels are one to two orders of magnitude lower than estimated organic fluorine (0.15–3%). And, no free fluoride was detected in AFFF samples. Thus, biodegradation of AFFF, AR-AFFF, and FP foams has not led to significant defluorination despite all three meeting the criteria for ‘‘ready biodegradability.’ As the substances studied by Bourgeois et al. have a considerably lower fluorine content than PFBS, and as they include more readily degradable materials in addition to the fluorinated components, a considerable DOC removal percentage could be possible even without defluorination. Thus, in our view, the findings by Bourgeois et al. (2015) regarding DOC measurement do not seem directly applicable to perfluorinated substances (and thus do not invalidate the use of DOC measurement for PFBS).

Reference:
A. Bourgeois, J. Bergendahl, A. Rangwala. 2015. Biodegradability of fluorinated fire-fighting foams in water. Chemosphere. Volume 131, July 2015, Pages 104-109. https://doi.org/10.1016/j.chemosphere.2015.02.042

page 32: ”Another experimental study is available on ECHAs dissemination webpage for KPFBS where Quinete et al. (2010) tested KPFBS for biodegradation in conventional screening tests.
Biodegradation of <1% after 40 days based on oxygen consumption was observed in a
manometric respirometry test (OECD 301 F; OxiTop) using domestic non-adapted sludge
of a sewage treatment plant (STP). According to the registrants, the study was deemed
as not reliable due to significant methodological deficiencies.”
Comment: We would recommend to present dossier submitter’s view on the reliability of the study, instead of (or in addition to) registrant’s view. Please specify what are the mentioned methodological deficiencies. According to ECHA web page there is no information on validity criteria and, in addition, it is indicated that there are inconsistencies in the reporting of the results. We note that based on Fig. 5. of the original paper it seems that the validity criterion for reference substance would be fulfilled. We recommend checking this and adding this information to the report. In addition, we recommend mentioning whether there is any information on toxicity and abiotic controls.

page 32: “Furthermore, a closed-bottle test (OECD 301 D) using inoculum from the Rhine River demonstrated < 3% biodegradation (based on oxygen consumption) of PFBS within 28 days. This study was deemed as reliable with restrictions by registrants since detailed documentation was missing.”.
Comment: We would recommend to present dossier submitter’s view on the reliability of the study, instead of (or in addition to) registrant’s view. Please include more details of the study, at least what information is available regarding the validity criteria, and toxicity and abiotic controls.

page 33: ” If the sulfonic acid group was to have an influence on the perfluoroalkyl chain, it would be on the neighboring CF2-group, and this is common for all the PFSAs.”.
Comment: Please correct the sentence as CF3SO3H does not have a CF2-group.

page 33: “Hence, the persistence of the members in this class of substances is highly comparable, and an evaluation of the persistence of PFBS in comparison with trifluoromethane sulfonic acid and PFOS in a read-across approach is justified.”.
Comment: Saez et al. (2008) studied degradation of PFBS and PFOS, as well as other fluorinated compounds. Bacterial communities from sewage sludge were exposed to a mixture of PFAS under aerobic or anaerobic conditions. Individual PFAS concentrations were determined in the experiment media at different exposure times. The authors state that “Based on the results presented in this paper, it can therefore be concluded that the PFAS tested in these experiments are non-biodegradable under the experimental conditions used in this study, despite using municipal sewage sludge, which presumably has a history of exposure to PFAS. Similar experiments with sediment contaminated with PFAS also showed no evidence for biodegradation of any of the PFAS tested (data not shown).”. Please include this study in the document (or, if it is not considered relevant, please indicate the reason). As it contains information on both PFBS and PFOS, it could be used also in the discussion on read-across.

We agree that ready biodegradability and hydrolytic stability is likely to be highly comparable between the members in this class of substances. However, regarding biodegradation, for trifluoromethane sulfonic acid only a ready biodegradation test is available and therefore only “potentially P or vP” can be concluded based on that test. In addition, there is a considerable difference between trifluoromethane sulfonic acid and PFBS, for example between molecular dimensions, which may be important for enzymatic attack. This should be taken into account in the argumentation. Particularly, as there are no data available on environmental half-lives, we consider that it is appropriate to take into account the available information on microorganisms and enzymes capable of transforming these substances, in addition to the chemical structure considerations which are already included. Information sources on biodegradation of fluorinated compounds, which may be useful, are included below.

Neilson and Allard (2002) provided a review of the degradation and transformation of organic fluorine compounds by aerobic and anaerobic bacteria, yeasts, and fungi. Natarajan et al. (2005) gave on overview on the microbial cleavage of C-F bond in aliphatics and aromatics.  Ang et al. (2018) reviewed information available on fluoroacetate dehalogenase, which catalyses the hydrolysis of C-F bonds.

Chan et al. (2011) studied fluoroacetate dehalogenase RPA1163 (originating from the bacterium Rhodopseudomonas palustris and produced in E. coli). Structural and biochemical characterization was presented. The authors mention, e.g., that “enzymatic defluorination requires a halide pocket that not only supplies three hydrogen bonds to stabilize the fluoride ion but also is finely tailored for the smaller fluorine halogen atom to establish selectivity toward fluorinated substrates.”.

Li et al. (2019) reported in silico and in vitro studies on fluoroacetate dehalogenase RPA1163. They reported that the enzyme showed no activity toward 2,2,3,3-tetrafluoropropionic acid and pentafluoropropionic acid while is capable of degrading 2,3,3,3-tetrafluoropropionic acid.

Key et al (1998) studied degradation of difluoromethane sulfonate (DFMS), trifluoromethane sulfonate (TFMS), 2,2,2-trifluoroethane sulfonate (TES), perfluorooctane sulfonate (PFOS), and 1H,1H,2H,2H-perfluorooctane sulfonate (H-PFOS) by a laboratory isolate designated Pseudomonas sp. strain D2. The article states, e.g.: “Growth and defluorination were only observed for those compounds containing hydrogen (TES and H-PFOS). TFMS and PFOS were not degraded. TES was completely defluorinated, and H-PFOS was partially defluorinated.” and “This study demonstrates that hydrogen-substituted fluorinated sulfonates are susceptible to biodegradation and defluorination and that they can support growth under sulfur-limiting and aerobic conditions. The sulfur inhibition studies establish a link between defluorination and sulfur metabolism.”. It is stated that the studied strain originated from an enrichment that fortuitously contaminated a laboratory stock solution a medium containing DFMS as the sole source of sulfur. The origin of the enrichment is not indicated. To our knowledge, this study is the only one where biodegradation results for perfluorinated sulphonates with chain lengths below and above that of PFBS are available for the same organism/test system. Also, the differences reported between perfluorinated and partially hydrogenated sulphonates are interesting.

References:
Ang, T.H. et al. 2018. Dehalogenases: From Improved Performance to Potential Microbial Dehalogenation Applications. Molecules 2018, 23, 1100; doi:10.3390/molecules23051100

Key et al. 1998. Defluorination of Organofluorine Sulfur Compounds by Pseudomonas Sp. Strain D2. Environ. Sci. Technol. 1998, 32, 2283-2287

Li, Y. et al. 2019. Harnessing fluoroacetate dehalogenase for defluorination of fluorocarboxylic acids: in silico and in vitro approach. Environment international · July 2019 DOI: 10.1016/j.envint.2019.104999
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page 34: “However, no biodegradation has been observed for trifluoromethane sulfonic acid in screening tests, see Table 8.”.
Comment: Please clarify in the text whether the tests in Table 8 were measuring mineralization only (please indicate the parameter monitored (CO2, O2, DOC) or whether also primary degradation and transformation products were measured).
page 34:”PFOS is considered extremely stable in the environment and does not hydrolyse, photolyse or biodegrade under any environmental conditions tested (OECD,2002).”
Comment: New information relevant to PFOS biodegradation has been published after 2002: Chetverikov et al (2017) reported on isolation of a bacterium (Pseudomonas plecoglossicida 2.4-D) able to use perfluorooctanyl sulfonate (PFOS) as the only source of carbon and energy. The strain was isolated from soil contaminated by waste from petrochemical production in a factory area (Bashkortostan republic, Russia). It is stated that P. plecoglossicida 2.4-D transforms PFOS to perfluoroheptanoic (perfluoroenanthic) acid, while free fluorine ions are released into the medium. The transformation of PFOS (a molecular ion with an m/z of 499 аmu), is presented. It is stated that the presence of a component with a molecular ion with an m/z of 419 аmu is possible when performing oxygenogenic or monooxygenase removal of a sulfonate group from PFOS (m/z of 80 аmu) in the form of sulfite. Further transformation was accompanied by active growth of the culture and release of fluoride ions into the medium. A compound previously absent in the medium with a molecular ion equal to an m/z of 363 amu was found, which was identified as perfluoroheptane (perfluoroenant) acid. The authors note that the concentration of the fluoride ions correlate with the transformation pathway presented in their Fig. 5, in which four fluoride ions are released into the medium. It is mentioned also that the release of fluoride ions into the medium probably caused an inhibiting effect on the process of further destruction of intermediate fluoride compounds by the studied strain.

Chetverikov and Loginov (2019) isolated a bacterium (Ensifer adhaerens Strain M1) from soil collected at the site for storage and testing of fire-fighting equipment (Maldive Republic).  The bacterium is reported to use PFOA and PFOS as sole sources of carbon and energy with production of perfluoroheptanoic acid as a metabolite and release of fluoride ion. It is reported that, in the variant with PFOS, a component was detected with m/z 419 Da for the molecular ion, which was possible in the case of removal of the sulfonate group from PFOS (m/z 80 Da) as sulfite. A compound with m/z 363 Da for the molecular ion, which was not originally found in the medium, was detected after 72 h of cultivation and its concentration increased during the following day, while the compounds with m/z 499 and 419 Da (indicated as PFOS and perfluorooctane, respectively) were not detected in the medium after six days of cultivation. The compound with m/z of 363 Da was identified as perfluorohaptanoic acid. In the variant with PFOA, a compound with m/z = 369 Da was detected after 24 h. It is mentioned that this was possible as a result of the reaction of carbon dioxide (m/z 44 Da) elimination from the carboxyl group and that this compound (indicated as perfluoroheptane) was subsequently completely transformed to perfluoroheptanoic acid. It is also reported that conversion of perfluorinated substrates was accompanied by release of free fluoride ions, with the beginning of release correlating with the beginning of linear decrease in the substrate concentration in the medium. The authors consider that fluoride ions probably have an inhibitory effect on further degradation of the intermediate fluorinated compounds.

Kwon at el. (2014) reported on identification of an aerobic bacterium (99% similarity to Pseudomonas aeruginosa strain HJ4) which was reported to decompose approximately 67% over a range of concentrations for PFOS in 48 hours. However, the formation of fluoride ion from PFOS biodegradation was not observed. It should be noted that the conclusion that PFOS was biodegraded in the study by Kwon et al. (2014) has been questioned (Avendaño t al. 2015) as it was considered that no convincing evidence tracking potential PFOS degradation products was given, e.g., due to lack of abiotic controls. According to the comment, the conclusion was drawn mostly based on the observation that levels PFOS in a liquid bacterial culture were decreasing over 48 h. Also a response to the comments is available (Kwon 2015).

Luo et al.  (2018) investigated the degradation of PFOS by laccase-induced enzyme catalyzed
oxidative humification reactions (ECOHRs) using 1-hydroxybenzotriazole (HBT) as a mediator. The authors report for example the following conclusions: “ECOHRs induce PFOS degradation via a radical chain reaction by directly attacking the C−C bond of PFOS and generating the perfluoroalkyl or acid radicals followed by formation of partially fluorinated products via radical rearrangement and cross-coupling. Products formed during ECOHRs having less fluorine and more hydrogen atoms are expected to be less toxic and more available for microbial degradation. The ECOHR mechanism may be effective in natural water and soil systems to transform and incorporate PFOS into the natural organic matter, thus detoxifying and immobilizing PFOS.”

Ochoa-Herrera et al. (2016) reported that “PFOS was not reductively dehalogenated by the anaerobic microbial consortium even after very long periods of incubation (3.4 years). Similarly, the tested short chain perfluoroalkyl substances (i.e., PFBS and trifluoroacetic acid) and a polyfluoroalkyl PFOS analogue, 6 : 2 fluorotelomer sulfonic acid (FTSA) were also resistant to anaerobic biodegradation. Likewise, no conclusive evidence of microbial degradation was observed under aerobic conditions for any of the short-chain perfluoroalkyl and polyfluoroalkyl carboxylic acids tested after 32 weeks of incubation. Collectively, these results indicate that PFOS and its alternatives such as short chain perfluoroalkyl sulfonates and carboxylates and their polyfluorinated homologues are highly resistant to microbial degradation.”
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page 34: “The persistence of PFSAs similar to PFBS has been confirmed.”.
Comment: Please consider revising the sentence to take into account that PFHxS and PFOS have longer perfluorinated chains than PFBS.

Page 36: “PFBS has been demonstrated to have a half-life in water of more than 1 year.”.
Comment: Please specify that this is a hydrolytic half-life. Biodegradation half-life in water has not been determined for PFBS.

page 101: 2nd paragraph: “PFBS may also bind to several different transporter polypeptides (NTCP, ASBT and OATPs) which are all capable of contributing to the enterohepatic circulation and…”
Comment: This sentence is unclear. Please consider rewording: “…enterohepatic circulation. Thus, enterohepatic circulation of PFBS may contribute to… “

page 104: paragraph 6, 7 row
Comment: editorial: samles => samples. paragraph 7. extra ng/ml

page 109, last paragraph: “In a repeated oral dose toxicity study for 28-days performed by NTP, a significant decrease in serum phosphorus and potassium levels in male rats treated at 300 mg/kg bw/day and 900 mg/kg bw/day was observed, giving NOAEL values of 100 mg/kg bw/day for males and 300 mg/kg bw/day for females (NTP, 2019).”
Comment: This sentence lacks information. If decrease in serum phosphorus and potassium levels was observed in males only, what is the basis for NOAEL value of 300 mg/kg bw/day for females? Please clarify.

page 111, Summary of repeated dose toxicity: “These data together with human data linking PFAS to an increased BMI or changes in blood cholesterol or triglycerides, points towards a possible metabolic effect related to PFBS-exposure. However, other data in the literature may be less clear.”
Comment: The conclusion on metabolic effects remains unclear from this wording. Please state clearly e.g.: The currently available data is insufficient for conclusion. Please see also the comment to page 122.

page 112: Section 4.6.1.1.
Comment: This section may give wrong impression on the indication of current data for carcinogenic potential. Please clarify e.g. “There are no two-year carcinogenicity studies available with PFBS. A few repeated dose toxicity studies have reported hyperplastic changes in kidney and necrosis in forestomach at high doses ... which may indicate…”

page 112, 2nd paragraph: “There were no treatment-related microscopic changes in sex organs of males although a decreased number of spermatids per gram testes and increased incidence of abnormal sperm were noted at the highest dose, although this was not seen in the F1-generation and was within historical variations.”
Comment: Could you please state whether these effects were statistically significantly different from the control group. Moreover, since decreased number of spermatids and increased incidence of abnormal sperm were within historical control range and were not observed in F1-generation, it could be concluded that these findings appear incidental.

Page 112, 2nd paragraph: “In this study, no alterations in fertility, estrus cycling, or histological alterations in female reproductive tissues were observed. However, exposure to 100 but not 300 or 1000 mg/kg bw/day through gestation showed a significant increase in diestrus cycling (>6 consecutive days).”
Comment: According to tabulated data of Lieder et al 2009b publication the number of rats with ≥6 consecutive days of diestrus was statistically significantly increased (p≤0.01) in the 100 mg/kg/day dose group and significantly decreased (p≤0.05) in the 1000 mg/kg/day dose group. At 30 mg/kg bw/day and 300 mg/kg bw/day there were no differences to control group in number of animals with ≥6 consecutive days of diestrus (7/30, 10/30, 15/30, 7/30, 0/29, at 0, 30, 100, 300 and 1000 mg/kg bw/day, respectively). Please correct this to relevant sections in the document. Since there are no dose dependence and the result seem spurious, we do not consider appropriate to include this data in Table 29. Please also modify the text in other relevant sections e.g. page 118, 5th paragraph.

Page 112:  “…the study was terminated 3 weeks after their birth, in which rats were exposed to gavage doses of potassium PFBS as high as 1,000 mg/kg bw/day.”
Comment: The last sentence seems spurious/unnecessary. Please delete or modify.

Page 113, 2nd paragraph
Comment: The results of the rat two-generation study by Lieder et al., 2009b seem to contradict with the reported effects in the mice study by Feng et al. 2017. Although treatment-related microscopic changes in kidney and/or liver were reported for both sexes in F1 generation, a slight body weight reduction was observed in males only but no effects on maturation or development of sex organs in either sex although dose as high as 1000 mg/bw/day was used. The study by Leader et al is assessed as Klimisch 1 (well documented guideline study), whereas Feng et al is Kimisch 2. Since reduced serum thyroid hormone levels have been reported in both rats (28-day NTP study, 2019) and mice, this diverge in results should be discussed as a part of weight of evidence assessment. In case the similar endpoints for maturation and development for sex organs were not assessed in the study by Lieder et al., this should be stated. We further note that unlike some other PFASs, based on Rumpler et al. (2016, study abstract) half-life of PFBS in mice would be short, similar to that of rats (page 100 and table 127).

Page 113, 3rd paragraph: “…found that offspring mice, orally exposed before pregnancy to potassium PFBS (50, 200 and 500 mg/kg bw/day) from gestational day (GD)1-GD20…”
Comment: The exposure window remains unclear form this sentence i.e. whether mice were exposed before pregnancy or during GD1-GD20 or both. Please clarify.

Page 113 - 114: reporting of the Feng et al. 2017 study.
Comment: This study is the prime study reporting effects potentially relevant for human health. Please report this study more accurately e.g. % differences of means to control, state whether the effects were statistically significant compared to controls, preferably in tabular format.

Page 114, first paragraph: “However, the study did not correlate the observed effects for the statistically significant decrease in pup body weight at the relevant dose levels”.
Comment: This sentence is confusing and the reasoning for the statement made is unclear. Do you mean that it was not analyzed whether there was a correlation or that it was analyzed but there was no correlation? We note that in publication of Feng et al 2017 (Toxicological sciences 155(2), 2017, 409-419) pup body weights are shown only in figure not in tabular form and there are no data or statements whether individual PFBS-exposed pup body weights correlated with hormone levels or with effects on maturation. Neither it is stated whether this was assessed from the individual data or not. Please clarify this.

Please explain importance of body weight data of dams and pups (and clinical findings) for interpretation of the reported effects. For example: “No effect on body weight gain of dams exposed to PFBS was observed indicating that PFBS did not cause remarkable general toxicity in dams.” Preferably the body weight data of dams and pups should be presented in the document, but it seems to be missing from the publication as well, which is a shortcoming in reporting. We also note that no data on male pups is reported in the publication, which is also a shortcoming.
General toxicity in pups could cause reduced body weights, delay in development and maturation, as well as hormonal effects. Therefore, it should be elaborated further in the document why observed effects in maturation of female pups are presumably not a secondary consequence of general toxicity but may be rather caused by permanent hypothyroxemia.

page 114, first paragraph: “These results together with the effects mentioned above (under fertility), indicate that prenatal PFBS exposure (≥200mg/kg/day) causes permanent hypothyroxinemia accompanied by deficits in perinatal growth, pubertal onset, and reproductive organ development in female mice.”
Comment: It remains unclear what are the effects under fertility section. As discussed in comments above neither data on sperm effects or diestrus are robust enough for this conclusion. Please consider modifying.

page 121, Table 29: Overview of PFBS-induced health effects
Comment: Please modify to e.g.: “overview of the PFBS-induced effects in rodents potentially relevant for humans.”

page 121: ”…provide evidence for adverse health effects…”
Comment: Please amend to: “…provide evidence for potential adverse health effects.”

page 121: last sentence: ”A dose dependent decrease in hemoglobin and hematocrit levels was observed in male rats with a NOAEL determined to be 60 mg/kg bw/ day (90 days) as the most sensitive.”
Comment: Please clarify the sentence. Does it mean that decrease in haemoglobin and haematocrit was the most sensitive endpoint….?

page 122: “A study on mice indicated modest changes in lipid metabolism after 4-6 weeks daily exposure to PFBS (30 mg/ kg bw/day). Only a few studies have, as of yet, seen similar effects on lipid metabolism. Together with human data indicating that PFBS, as well as other PFAAs, have been associated to increased BMI or changes in blood cholesterol and triglycerides, these data may point towards an effect of PFBS on metabolic disorder or disturbance of the lipid metabolism.”
Comment: Considering how scare and low-confidence the data available is and the potential bias in toxicology not to publish negative results, this seems too strong statement. Please consider adding: “However, the current data is insufficient for conclusion”.

page 122: “In addition, the combinatorial effect when exposed to a mixture of PFASs is of concern. The co-exposure of PFBS and other very persistent fluorochemicals present in the environment may lead to a combination of effects on human health.
Comment: Please see our previous comments on pages 13 and 161 on co-exposure.

page 127: “PFBS exposure was also shown to result in a skewed sex ratio in fish toward male dominance (LOEC 9.5 μg/L, NOEC 2.9 μg/L). Furthermore, the gonado somatic index and the oogenesis of female fish was lowered (LOEC 9.5 μg/L, NOEC 2.9 μg/L) and decrease in egg production (LOEC 2.9 μg/L, NOEC 1.0 μg/L)”.
Comment: We suggest to clarify in the text which generation (F0/F1) these effects apply. This comment is also relevant to page 137 where Chen et al. 2019 is discussed.

page 132: “In conclusion, these results show that PFBS have adverse effects on hepato-histology and sexual development on X. laeveis”.
Comment: Please modify this to “…PFBS have adverse effects on hepatohistology and potential to alter the sexual development on X. laevis”. The study Lou et a. 2013 only showed promoted expression of estrogen and androgen receptor activity without any effects on growth/metamorphosis/sex ratio etc. It is mentioned on the same page earlier that the authors only indicated potential for adverse effects on sexual development. Thus, we see that results of this study only showed potential of PFBS to alter the sexual development on X. laevis. Please check if this is also relevant to the other parts of the dossier concerning the study Lou et al. 2013.

page 140:.” There are indications that PFBS may have endocrine disrupting properties.”
Comment: We note that earlier on page 140 it is stated in a more confident way: “PFBS led to marked and persistent disturbances in the thyroid endocrine system…”, and “endocrine disturbances caused by PFBS have been show in in tadpoles and in avian neuronal cells”. Therefore, please consider whether these wordings are consistent and sufficiently accurate.

page 141: “There is experimental evidence that the shorter chain trifluoromethane sulfonic acid is non-degradable,…”.
Comment: We propose to modify the sentence because regarding biodegradation there is only one test available for trifluoromethane sulfonic acid. That test indicates that the substance is not readily biodegradable but does not tell about primary degradation or about degradation half-life in the environment.

page 141: “For PFOS no biodegradation has been demonstrated (UNEP, 2006).”.
Comment: Please see the comments on page 34 regarding new information relevant to biodegradation of PFOS.

page 142: “Based on experimental data and read-across with relevant perfluoroalkane sulfonic acids like PFOS and trifluoromethane sulfonic acid, PFBS should be identified as a very persistent (vP) substance (hydrolytic half-life, t1/2 at 25 °C of more than 1 year) that by far fulfils the P and vP criteria in REACH Annex XIII.”.
Comment: As indicated in our comment on page 33, we have some remarks regarding the argumentation for the read-across and therefore some changes might be needed in this sentence, too. In addition, it should be discussed whether it is appropriate to state that the vP criterion is by far fulfilled (as there is no data available on biodegradation half-life), in such a definitive way as in the current text. At least, the current text should be changed taking into account the lack of information on biodegradation half-life. It can also be discussed whether the fulfilment of P and/or vP criterion without the “by far” addition, or, potentially, with a remark that on the basis of available information, the half-life may be substantially higher, is sufficient to substantiate ELoC in the present case together with the other concerns. In addition, regarding the shorter chain analogues such as trifluoromethylsulphonate, we do not see the need to any definitive statement regarding P/vP criterion for the purpose of SVHC identification of PFBS.

page 147: “PFBS is stable towards both abiotic and biotic environmental degradation and has been shown to by far exceed the trigger values of being a very persistent (vP) substance, see Section 3.1.”.
Comment: There is only a hydrolytic half-life that can be compared to the criteria. Therefore, please consider modifying.

page 147: “The P/vP assessment is supported by read-across with relevant perfluoroalkane sulfonic acids like PFOS and trifluoromethane sulfonic acid.”.
Comment: This sentence may need to be modified as indicated in other comments regarding the read-across.

Page 150: “It is not possible to reverse the exposure, and effects on human health and the environment are to be considered irreversible”.
Comment: Should it be continued by ”… unless emissions are stopped”?.

page 152 & 158 (chapter Concern related to co-exposure) and table 40
Comment: Please see our previous comments on pages 13 and 161 on co-exposure.

page 152, 4th paragraph: ”The relative toxic potency of individual PFASs to liver…”.
Comment: Which study? Please add reference.

Page 152: “Degradation of precursor compounds with formation of PFBS represents a future source of PFBS, even if the emissions are stopped immediately”.
Comment: It could be specified whether this refers to the emissions of the precursors or of PFBS.

Page 152: “Consequently, once effects become apparent, it may be too late to take measures to protect us from exposure.”.
Comment: As ELoC is also proposed to be fulfilled for the environment, and the paragraph refers also to emissions reaching the environment as it mentions control of emissions from industry and purification of wastewater, please consider modifying the sentence to also take into account environmental protection (e.g., “..to protect humans and the environment”)

Page 152: Regarding the way the Brendel et al. (2018) study is discussed
Comment: It might be preferable to avoid the unnecessary use of very definitive expressions like “everlasting“ and “permanent”.  The environmental half-life is not exactly known (there are no standard studies to determine the biodegradation half-life for PFBS or any of the analogues) and it has been reported that degradation of perfluorinated sulphonates may occur in certain conditions, as indicated by comments above.

Page 152: “The concerns brought forward in Sections 6.3.2.1 to 6.3.2.5 lead to a concern for co-exposure with other contaminants with similar health effects.”.
Comment: We have reservations for the use of co-exposure as ELoC argument. However, in the event that this chapter/sentence is kept, we propose to consider whether it should mention effects on the environment.

Page 153: “Considering the irreversibility of the environmental contaminations and the continuously increasing background levels, estimation of acceptable releases is not possible.”.
Comment: We propose to rephrase as: “Considering the poor irreversibility of the environmental contaminations and the continuously increasing background levels when the substance is released to the environment, estimation of acceptable releases is not possible.”

Page 155: “PFBS which is less readily adsorbed to soil, sediment and suspended matter compared to the classic PBT/vPvB substances due to its properties, will likely have a higher proportion of the emitted substance bioavailable for organisms.”.
Comment: This comparison does not take into account that PBT/vPvB substances will have a higher proportion of the substance accumulated in organisms (and thus bioavailable).

Page 155: “Irreversible, bioavailable, increasing exposures of both wildlife and man via environment will maintain as long as emissions continue, and even if emissions are stopped, the concentrations will not start to decrease immediately.”.
Comment: Please consider deleting “increasing” because exposure depends on rate of emission as well as many environmental factors. Please consider changing “stopped” to “decreased” (at least if this is based on the citation from Cousins et al. in 6.3.2.8). Even assuming that no degradation occurs, the concentrations could start to decrease (at least in local scale), if emissions are stopped due dilution and distribution.

Page 156: “it can be concluded that the degradation potential of PFBS in all environmental compartments is very low or negligible.”.
Comment: We propose to change to “…is likely to be very low or negligible”.

Page 156: “Its high persistency implies that PFBS will remain in the environment much longer than most other substances that are identified as exhibiting P or vP properties. PFBS by far exceeds the criteria for P and vP as laid down in Annex XIII of the REACH regulation.”.
Comment: This may need modification, as indicated in comments above.

Page 156: “Exposures are not expected to decrease upon cessation of releases because of the high persistence of the substance.”.
Comment: Please see comment on page 155 regarding cessation of emissions.

Page 158: “... as degradation of PFBS and other PFASs in the environment is extremely slow or negligible”.                                                                                                          Comment: We propose deleting “extremely” or changing to “is likely to be very low or negligible”.

page 160: “This is supported by read-across to perfluoroalkane sulfonic acids with both shorter and longer chain lengths, which also have a very high environmental stability.”.
Comment: This may need modification, as indicated in comments above.
	

	
	
	
	

	5346
2019/10/18
	Cefic,
Industry or trade association,
Belgium
	Thank you for giving us the opportunity to provide comment on this Annex XV proposal for SVHC identification based on Article 57f of REACH.
Cefic comment is not directly related to substance specific parameters but on the general APPROACH taken to identify an SVHC based on equivalent level of concern for environmental effects.
The enclosed file reiterates previous submitted comments on similar files.
Comments refer to the LACK of an agreed and broadly accepted methodology on how to assess equivalent level of concern for environmental effects.
In our view it’s important to first set this assessment methodology before taking any decisions on newly submitted dossiers.
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5346_2019 04 29_Cefic updated reflection on SVHC_ELoC for env.pdf
	

	5347
2019/10/18
	United Kingdom,
Member State
	1. We appreciate the amount of detailed work that has been put into producing this well written dossier and we thank the authors for taking on board many of the suggestions we made on the earlier draft submitted to the PBT EG.  We think this has strengthened the arguments made, although we still have reservations regarding the overall outcome (see points 14 and 15).

2. Section 1.3.3 p22 and 1.4 p23, plus other later sections (e.g. Section 3.4.4 on LRT and p152/3), and Conclusions:  Whilst the focus of this SVHC proposal is now on PFBS itself, it still refers to precursors and co-exposures with other PFAS as supporting arguments. Although we agree that these are important considerations for managing the long-term exposure and risks from PFBS, we do not think they are relevant in terms of the hazard posed by an individual substance. The grouping of PFAS compounds and combination effects are currently being discussed (including a paper for MSC-66). We think that this discussion should take place (and a conclusion reached) before applying these ideas to specific substances.

3. Section 3 p28 and response to the PBT EG RCOM:  You imply that ‘studies published in scientific journals which have already been peer reviewed are reliable’.  We do not agree with this. Published papers require a different standard of peer review, for a different purpose, than establishing reliability and relevance for regulatory purposes. The majority of studies used in this proposal are from academic literature sources rather than regulatory studies performed in accordance with standardised (ring-tested) guidelines and appropriate quality assurance (e.g. GLP).  We cannot accept that publications in a peer reviewed journal are accepted for regulatory purposes without critical appraisal of their reliability and relevance.  We thank you for proposing validity scores for some of the key studies but the reliability is still not always clear (methodologies, analytics and reporting standards in particular are unclear) for many of the published papers relied upon).

4. Section 3.1 p28 & 29:  At the bottom of p28 and third paragraph of p29 when referring to the papers by Brendel et al. (2018) and Cousins et al. (2016), you use the words ‘pointed out’ as if extreme persistence in itself is now an established reason for managing chemicals and that all PFAS pose the same risk.  These opinions are not established in regulation and so we would prefer use of the word ‘proposed’ in relation to these authors’ suggestions.

5. Section 3.1.1.2, p30:  In the second paragraph of this section, the dossier states that ‘...the degradation half-life of PFBS in the atmosphere is above the threshold of two days, which proves that the substance has a potential for long-range transport.’  However, it says previously that the results of the AOPWIN model should be interpreted with caution. We would therefore prefer the word ‘indicates’ instead.

6. Section 3.2.5/6, p42-60:  We agree that PFBS has properties that make it highly mobile, and it is therefore widely detected in numerous environmental compartments and regions. This could be a cause for concern if levels are approaching those where harm to humans or other organisms is envisaged (accounting for uncertainties).  As the dossier notes, in many cases current concentrations are very low (in the ng/L or kg level) or not detected. Higher (µg) levels can be found in some instances, mostly in east Asia with a few occurrences in the EU.  However, almost all of these elevated levels are associated with proximity to PFAS production facilities, industries using PFAS, other hot spots such as waste-water treatment plants or landfill sites and those affected by fire-fighting foams or similar direct sources of contamination.  Away from these sites, levels are generally low.  Specifically on p53 (last paragraph) we would not use the word ‘substantial’ in relation to drinking water contamination as this is a relative term implying that concentrations are especially high (in relation to some safety limit?) whereas they are in the tens of ng/L range (an order of magnitude below the limit set under the European Drinking Water Directive of 0.1 μg/L for individual pesticides for example) and not related to a particular toxicological concern.  It could say ‘widespread’ instead.

7. Section 3.4.2/3, p 63 - modelling of Long Range Transport potential and occurrences in remote regions:  The location of PFBS in Figure 4 on p64 does not clearly imply (as suggested, also at 3.4.5) an especially ‘high LRT potential’ in relation to other ‘POP-like’ substances. We think benchmarking this against some known POPs would be useful.  Regarding the occurrence in ‘remote’ areas and biota, our comments on these monitoring data are similar to those made above.  We note that some of the occurrences in ‘remote’ regions could actually also be due to local sources of contamination. Specifically in this Section, use of the word ‘considerable’ in relation to levels in Polar Bears (p70) is a relative and potentially misleading term when levels of 0.08-0.69 ng/g (µg/kg) ww in plasma may be of little or no toxicological significance. Unless you intend to conduct a thorough quantitative risk assessment, we would suggest using the word ‘higher’ or ‘elevated’ instead.

8. Section 3.5, p71 on Bioaccumulation:  In general the information presented indicates a low potential for PFBS to bioaccumulate in most organisms.  Levels found are usually proportionate to and reflect those in the surrounding environment or feed (which were often from areas of high contamination) and this would not strictly be considered indicative of significant levels of accumulation.  The study by Numata et al. (2014) (Section 3.5.1.4) where pigs were fed contaminated food (at a mean PFBS concentration of 132 µg/kg dw) is of potential interest as it gave a BMF value in whole pig of 1.2 (compared with 17.9 for PFOS). However we note there was high individual variation in elimination half-lives. You quote this BMF value widely in the conclusions but it is unclear from the summary how the data were generated or how reliable this study was (no limit of detection or validity score is given). The summary mentions further data analysis undertaken by ECHA in 2017 - could these be provided (e.g. in an Annex?).  We note that the elimination half-lives indicated for PFBS in human blood (Section 3.5.3.2, p83) appear longer than for rodents, although these are also variable, based on a very small sample size and do not necessarily relate to whole body elimination half-lives.  As this is also a key weight of evidence (WoE) argument used in the overall SVHC proposal, and ECHA apparently examined this in 2017 too, could more detail please be provided in an Annex?  It is important, when using arguments that such BMF and elimination half life values pose an ‘equivalent level of concern’ (e.g. to B/vB substances) that there is benchmarking against those where that concern has previously been established, e.g.  the other SVHC PFAS, which in each case  do have notably greater values.

9. In the study on birds (Newsted et al, 2008) at Section 3.5.1.3, you quote the apparent maternal transfer to eggs in your WoE conclusion.  However, few details are available for this study and its reliability is unclear. The dossier mentions the egg-to-serum ratio was approximately 1.0 and that concentrations of PFBS in eggs were directly proportional to dietary concentrations, so it is unclear what the elevated concentrations in eggs relate to or whether this could even include the shell.  PFBS concentrations in 14-day old offspring were less than in adults or eggs (‘at least 480-fold less than those measured in eggs from the seventh week‘) so there does not, in any case, appear to be subsequent transfer from eggs to the offspring.  We think the use of this information as part of the overall WoE requires further justification.

10. From Section 3.5.3 a mean ‘BAF’ from five crab species of 110 from a study in Korea by Naile et al. (2013) is quoted in the overall conclusion and, although low in BCF terms, it stands out as higher than other aquatic values for PFBS.  The study seems reliable (you have given it a validity score of 2) and the water and biota sampling appear to be concurrent; although as you note it would have benefitted from measuring BAF for individual crab species. It is also supported by the subsequent study in the same area by Hong et al. (2015) where a BAF crab of 200 is determined. The values are for whole homogenised crab and it would be interesting to know whether the PFBS is concentrated in the shell or other edible body tissues.  We also note a comment in these papers of PFBS behaving differently in saline to fresh water; as one concern expressed is LRT via ocean currents, we think it could be relevant to investigate this further.

11. In Section 3.5.2, p76 and Annex II: The highest BAF value from crabs (110) is used along with an assumed water half-life of 10 years in modelling based on the report by Crookes and Fisk (2018). This paper indicates how concentrations of PFBS in aquatic biota might be expected to exceed the biota concentrations for a persistent and bioaccumulative substance over time - and it has been used in the overall WoE conclusion to support an equivalent level of concern (ELoC) to PBT/vPvB substances (e.g. at Section 6.3.2.1-4).  The calculations provided in Annex II use generally worst case assumptions taken from studies of uncertain relevance to EU conditions. The BAF value used is less than a BCF of 500 usually triggering a bioaccumulation concern and we would question whether estimations using on such a low value follow the normal assumed linearity of increasing hazard. Our reading of the Crookes and Fisk paper is that such (crude) predictions should be used as an initial screen only, not as demonstration of a concern. The same comments apply to the modelling undertaken in Cousins et al., 2019.

12. Further to point 11 above, one of the main ELoC arguments used in the PFBS SVHC proposal is that substances with a low bioaccumulation potential could potentially reach similar levels in biota as substances that are known to bioaccumulate, provided they are sufficiently persistent and mobile in the environment when considered over a longer time-scale.  If this is set against a trend of increasing concentrations of PFBS in the environment (as set out in Section 3.9) we can understand the reasons behind this concern.  However, we also think that more detailed modelling than that initially proposed by Crookes and Fisk (2018), using a wider range of relevant (and more realistically worst case) input parameters for the specific substance in question, could usefully be developed to more accurately predict the likelihood of this concern ever being realised.  At present we do not consider it sufficiently predictive of there being a probable future very high concern for PFBS.

13. Given the inconclusive evidence of toxicological significance (at relevant exposure levels) in mammalian studies and low acute toxicity to aquatic wildlife, the case for PFBS potentially reaching levels of concern relies on the long-term toxicity studies by Chen et al on Marine Medaka (Section 5.1.1.2, p125-128). These studies appear to relate to a single experiment performed in a single academic laboratory (with different end points reported in different journals). Can it be confirmed that this is indeed the case? We note that the study has been rated as ‘reliable with restrictions’. However, we are not convinced that it has been critically reviewed.  For example, analytical monitoring is stated to be carried out ‘regularly after the renewal of the sea water’ but there is no discussion of what regularly means; whether this implies it is only fresh solution that was tested and there is no mention of whether the report authors have been contacted for further information. In addition, several of the results in the discussion in Section 5.1.1.2 and 5.6 are either not dose-dependent, not statistically significant or the concentration at which the effects are seen is not stated.

The potential for PFBS to pose an ED hazard based on these fish and other studies is now emphasised in the overall WoE conclusion. However, this has not been considered by the ED EG and we do not think it appropriate to speculate about whether the reported effects are related to endocrine disruption in the absence of clear mechanistic information for the substance or supporting information from mammalian studies.  If the Chen et al. study is indeed valid, the Annex XIII ‘T’ criterion is met based on the NOEC for F0 fecundity and F1 hatching regardless of the mode of action.  Given the importance of this in any overall SVHC Conclusion and the lack of quality assurance or consideration against standard guidelines, we feel there should be further in-depth analysis of the Chen et al. studies.

The dossier also concludes that the potential for serious long term-effects (including known, ‘unknown’ and ‘irreversible’ ones) might not be observed in standard tests (p12 & p157), though little evidence is provided to support this assertion.  Deriving (eco)toxicological endpoints from a range of relevant standard tests, and accounting for uncertainty in these, is currently the basis of most chemical regulations.  Non-threshold concerns have not been clearly established for PFBS and taking such an (overly) precautionary stance on the utility of standard studies effectively undermines the very regulations we are working to.

14. Section 6, p141 and the overall SVHC conclusions (wherever these appear in the dossier):  The dossier takes an overall WoE approach rather than relying upon individual elements of concern for PFBS meeting the Article 57(f) ELoC criteria.  We believe that each of the elements making up this WoE need to be considered for their individual veracity and contribution (weighting) to the whole ELoC argument.  When we look at each one in turn, we do not see that they are individually conclusive or compelling of PFBS posing a probable serious adverse effect on human health or the environment.  Whilst we agree the substance is likely to be extremely persistent and mobile and hard to remove once in the environment, the information on bioaccumulation does not equate to the concerns from a B/vB substance.  Currently the potential ‘adversity’ of effects and meeting of the ‘T’ criterion is also not demonstrated by the mammalian or environmental toxicity data without there being further detailed scrutiny of the original published papers.

We do understand the dossier is taking a precautionary approach to PFBS being an SVHC due to concern over its increase in environmental and biological compartments/media globally.  However, outside of particular industries and hot-spots in the EU, production, usage and contamination levels are generally low in relation to any clear toxicological concern.  Referring to our point 12, such a precautionary approach looking at the potential for future harm could be better supported by more detailed, substance-specific and realistically worst case modelling than currently provided in Annex II.  We would welcome ECHA and MS developing (and validating where possible) such modelling approaches to better support precautionary ELoC cases based on uncertain future hazards of PMT substances.

15. Overall we remain to be convinced that there is sufficient evidence to indicate that PFBS is an SVHC through meeting Article 57(f) ELoC criteria.  It is not clear either for each element of the WoE, or collectively, that a threshold has been reached to describe how PFBS is a substance of very high concern, rather than one just of concern or even high concern.  We feel that a more strategic solution to managing the emissions and risks from PFAS generally could prove more effective than attempting their case-by-case SVHC identification.
	

	
	
	
	

	5348
2019/10/18
	3M Belgium,
Company,
Belgium
	Please find our comments in attachment.
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5348_3M comments.pdf
	

	5349
2019/10/18
	SABIC Innovative Plastics BV,
Company,
Netherlands
	The attached document (Section IV) provides substantive scientific reasoning in the overall determination that the elements for concern, as postulated in the Annex XV report, cannot be justified to the extent required in the determination and identification of a substance as an SVHC according to the requirements of Article 57(f) of Regulation (EC) 1907/2006. Specifically, the following sections demonstrate there is insufficient “scientific evidence of probable serious effects to human health or the environment which give rise to an equivalent level of concern to those other substances listed in points (a) to (e)".
Indeed, there is no evidence the PFBS meets the persistent (P) or very persistent (vP) criteria, and insufficient evidence of long-range transport. The current monitoring data does not support the conclusion that there is high potential for wide geographic scale contamination of PFBS. There is no evidence that PFBS is bioaccumulative and no reliable evidence of environmental hazard. Available toxicological data do not provide evidence of serious effects to human health. Measured PFBS concentrations in the environment, and in the human body are far lower than the effect levels determined in reliable (eco)toxicity studies. Overall, there is insufficient scientific evidence on PFBS and its salts to support any conclusion on probable serious effects to human health or the environment which give rise to an equivalent level of concern. Read-across to shorter (C1) and longer (C8) chain perfluoroalkane sulfonic acids (PFSAs) is not justified and no formal rationale is presented in the Annex XV report. In many instances, the evidence used in the Annex indicates that shorter and longer PFSA substances are not good analogues for hazard or behaviour predictions. Furthermore, the manufacture and use of PFBS is limited. The PFBS substance group represent a low overall EU volume and their uses are not widely dispersed.
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5349_PFBS rebuttal to SVHC categorisation.pdf
	

	5350
2019/10/18
	LANXESS Deutschland GmbH,
Company,
Germany
	
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5350_LANXESS_Comments_SVHCproposalPFBSandsalts.pdf
	

	5351
2019/10/18
	ASD-EUROSPACE,
Industry or trade association,
France
	Page 17: Such a broad and unspecific group entry ("any salt form of PFBS, either currently existing or developed in the future") appears to be not feasible from a compliance point of view, even more so considering the long and widely distributed industrial supply chains leading to the production of very complex hardware in our sector. The first analysis reveals more than 1,000 CAS substances which are corresponding to this group.

Such a broad listing also raises legal concerns with regard to the substance identification requirement and general principles of EU law.

Further details are elaborated in the enclosed contribution (PFBS-2019-C1-18102019).
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5351_ASD-Eurospace comments on PFBS and its salts-18102019-Final.pdf
	

	5352
2019/10/18
	American Chemistry Council,
Industry or trade association,
United States
	The Proposal argues that PFBS should be identified as a SVHC under REACH on the basis that the materials represent an ELoC to other substances identified in Article 57(a) through (e), that is, ELoC to carcinogens, mutagens, reproductive toxicants, persistent, bioaccumulative and toxic (PBT) substances and very persistent and very bioaccumulative (vPvB) substances, respectively, for having “probable serious effects to human health and the environment.”   This Proposal argues that for PFBS, “there is scientific evidence of probable serious effects to human health”  due to a combination of properties, including extreme persistence and mobility, which will result in contamination of drinking water sources.   However, the Proposal does not provide sufficient policy or technical justification to warrant the conclusion that the materials demonstrate an ELoC.

The persistence and mobility information presented in the Proposal are not equivalent to the vPvB criteria in Article 57(e).  The comparison of persistence and mobility to persistence and bioaccumulation suggests that mobility is of equivalent concern to bioaccumulation.  A case has not been made in the Proposal that “M” and “B” are equivalent; rather that both criteria are elements of potential exposure.  There is no consensus in the scientific community regarding this point, nor have there been sufficient policy discussions of it in Europe, to establish common understanding.

Artificially limiting the mobility criteria to intrinsic substance properties, such as soil adsorption coefficient (Koc), may misclassify a large range of substances that present no concern for exposure from sources of drinking water, which will then create a potentially unnecessary burden for both authorities and industry.
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5352_FINAL_ACC Comments to ECHA PFBS 101819.pdf
	

	5354
2019/10/23
	FluoroCouncil,
Industry or trade association,
United States
	
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5354_FINAL FluoroCouncil response PFBS SVHC consultation 18-10-19 .pdf

	

	5357
2019/11/04
	Sweden,
Member State
	The Swedish Chemicals Agency has one additional comment in the consultation of the Annex XV dossier of PFBS and its salts, submitted by Norway.

We would like to inform the Dossier Submitter about the recent article of Nyberg et al 2018 (see attachment). We propose that this study be included in the SVHC proposal for PFBS.

	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 357_Nyberg et al 2018 (003).pdf
	



PART II: Comments and responses to comments on uses, exposures, alternatives and risks

Specific comments on use, exposure, alternatives and risks
	Number / Date
	Submitted by (name, submitter type, country)
	Comment
	Responses

	5329
2019/10/10
	BOMA BOHEMIA spol. s r.o.,
Company,
Czech Republic
	Perfluorobutane sulfonic acid (PFBS) is used as wetting agent in the production of photographic films. The maximum volume of PFBS contained in these products is 0,0168 % of weight.
	

	
	
	
	

	5339
2019/10/17
	European Semiconductor Industry Association,
Industry or trade association,
Belgium
	The European Semiconductor Industry Association (ESIA) should like to thank the Norwegian Authorities for their dossier and the opportunity to input some information to this consultation on SVHC properties.  ESIA will comment briefly regarding the use and how the potential risks are managed.

PFBS is used in low concentrations and minor quantities in speciality formulations for their critical properties in photolithography processes in semiconductor manufacturing. This includes critical use in photoresists and in antireflective coatings for photolithography, the highly important step of patterning in semiconductor manufacturing.

Photolithography materials in semiconductor manufacturing are now dependent upon the use of shorter chain chemistries, including shorter chain chemistries with a C4 carbon chain length. There are no known non-perfluorinated substance alternatives that can adequately provide the functional properties for the critical high tech applications required within the semiconductor manufacturing process. Any development in this area would require first a future invention.
The potential risk to the environment and human health is managed in semiconductor manufacturing through stringent risk management measures and safety practices to prevent release of chemicals during all stages of the manufacturing process. There is no exposure to the employee at the work place during production due to the use of closed systems. This potential risk is well controlled through the application of closed system manufacturing equipment which are installed in a cleanroom environment. Automated chemical delivery systems are installed to create a barrier between workers and the process and protect against chemical and physical hazards in the work environment.
The European semiconductor industry has a long history of responsible use of perfluorinated substances and has made significant voluntary commitments and efforts to progress the transition to perfluorinated substances of lower chain lengths. The global semiconductor manufacturing industry has eliminated the use of (C8) PFOS and is also taking substantial efforts for many years to remove the use of PFOA. The transition of semiconductor industry towards the shorter chain homologues for critical manufacturing uses has taken many years and much investments to realise.

The modern world is based on the enabling capabilities of semiconductor technology across many sectors of activity. Semiconductors enable the more efficient use of electrical energy in lighting, computing, data storage centres, intelligent transport systems, electric vehicles and in industrial manufacturing systems. Innovations in semiconductor devices enable sustainable developments in automotive safety, more secure communications and banking payments systems, improving medical devices and they play a key role in the realisation of the smart grid.
	

	
	
	
	

	5340
2019/10/18
	SEMI,
Industry or trade association,
Belgium
	Overall feedback:

PFBS can be used in low concentrations as a part of specialty chemical formulations in semiconductor manufacturing processes, in particular due to their critical properties in photolithography processes. This includes critical use in photoresists and in antireflective coatings for photolithography, which is the highly important step of patterning in semiconductor manufacturing.

Photolithography materials in semiconductor manufacturing are now dependent on the use of shorter chain chemistries, including those with a C4 carbon chain length. There are not known non perfluorinated substance alternatives that can adequately provide the functional properties for the critical high-tech applications required within the semiconductor manufacturing process. Any development in this area would require first a future invention.

The potential risk to the environment and human health is managed in semiconductor manufacturing through stringent risk management measures and safety practices to prevent release of chemicals during all stages of the manufacturing process. There is no exposure to the work place employee during production due to the use of closed systems. This potential risk is well controlled through the application of closed system manufacturing equipment which are installed in a cleanroom environment. Automated chemical delivery systems are installed to create a barrier between workers and the process and protect against chemical and physical hazards in the work environment.

The semiconductor manufacturing supply chain has a long history of responsible use of perfluorinated substances and has made significant voluntary commitments and efforts to progress the transition to perfluorinated substances of lower chain lengths. The global semiconductor manufacturing industry has eliminated the use of (C8) PFOS and is also taking substantial efforts for many years to remove the use of PFOA. The transition of semiconductor industry towards the shorter chain homologues for critical manufacturing uses has taken many years and much investments to realize.

Specific feedback:
Inputs on p. 195 that provides information on use KPFBS, which states that the main application of KPFBS is as a flame retardant in polycarbonate, and also on p. 199 that provides information about alternatives of KPFBS as flame retardancy additives.

According to a major PFBS related products manufacturer’s catalogue and some Polycarbonate resin manufacturer’s catalogues, potassium perfluoro butyl sulfonate (KPFBS) has been widely used for providing additional flame retardancy to polycarbonate (PC) resin without deteriorating PC’s mechanical strength and transparency.

Due to the specific characteristics of KPFBS, there is a non-negligible possibility that KPFBS is used as an intentional additive in the PC resins used to construct some parts of semiconductor manufacturing and related equipment (SMRE). PC resin is widely used to compose special containers for semiconductor device wafers. The containers are called ‘FOUPs’ or ‘SMIF pods’, depending on their structure. PC resin is also widely used to compose the equipment front-end interface module that consists of FOUP or SMIF load/unload interface(s) and an enclosure containing wafer handling mechanism for loading and unloading wafers from FOUP or SMIF pod to processing part of the semiconductor processing equipment. The front-end interface module of semiconductor processing equipment is called ‘EFEM’. FOUPs and SMIF pods as well as the enclosure part of EFEMs are used where the semiconductor device wafers need to be protected from organic, inorganic, and particulate contaminations present in the manufacturing clean-room environment. They are mainly used as a ‘mini-environment’ at the loading point (known as the EFEM -Equipment Front End Module) of semiconductor manufacturing and related equipment, and as a mini-environment in overhead transport and storage systems (known as AMHS –Automated Material Handling Systems, or OHTs – OverHead Transports) used to stage and temporarily store the device wafers, and move them from equipment to equipment. The in-process semiconductor devices which are present on the device wafers are extremely sensitive to ambient environmental conditions. Therefore, materials from which the FOUPs, SMIF pods, and the enclosure part of EFEMs are composed, and many components of the processing equipment, are critical to the quality of the manufactured semiconductor devices. Even removing a KPFBS additive, or replacing it, could have significant impact to the yields of the semiconductor device manufacturing process. Qualifying any alternation in the item materials requires both intensive experiments and tests by the FOUP, SMIF pod, and semiconductor manufacturing equipment suppliers, and the semiconductor device manufacturers (i.e., the end user of the equipment) to prove that the alternative materials meet all the required performance criteria such as substance outgassing (both quantity and quality), water adsorption/desorption performance, mechanical strength, flame retardant characteristics, and other factors.

At this time, we don’t have sufficient information to prove whether or not the PC resins used in SMRE contain KPFBS. FOUP, SMIF pod, and SMRE suppliers generally specify only base materials (e.g. PC resin) with some performance criteria (e.g., mechanical strength, transparency, flame retardancy grade) for components they purchase to make their products, and sometimes they just select components which contain articles that just happen to be made from PC resin. They do not specify the complete composition of the PC material they acquire from the upstream supply chain, especially with regard to additives. Also, complete composition details are often confidential business information (in part because of the R&D investment required to make materials that meet the stringent performance requirements in the industry). We have just raised this possibility of KPFBS applications in the semiconductor sector. It will take a lengthy period to discover actual uses, where in the supply chain the decision-to-use originates, possible alternatives, qualification testing of the possible alternatives, and for alternatives that pass the qualification testing – enforcing their use at the required suppliers in the supply chain.
	

	
	
	
	

	5342
2019/10/18
	CHEM Trust Europe,
National NGO,
Germany
	The dossier provides ample evidence of exposure to the general population via increasing diffuse emissions from sources like drinking water, fruits and local air emissions. Given that potential adverse effects due to life-long exposure are largely unknown and considering the irreversibility of the environmental contaminations and the continuously increasing background levels, estimation of acceptable releases is not possible. Hence, the risks cannot be adequately controlled and thus it is necessary to minimise the emissions. CHEM Trust therefore calls for swift regulatory measures following the identification as SVHC. Otherwise these chemicals keep recirculating in the water cycle and will lead to increasing exposure levels in humans and wildlife via environmental exposure (including drinking water, bottle water, edible plants, animal feed, food).

The fact that PFBS and its salts were introduced into the market as a replacement chemical for PFOS-substances points to a bigger, very common problem: restricted hazardous chemicals are replaced by similar substances which are often identified as harmful some time later. It is clear that a more systematic solution needs to be found to prevent this failure of human health and environment protection. CHEM Trust has highlighted this topic in the report From BPA to BPZ: a toxic soup? How companies switch from a known hazardous chemical to one with similar properties, and how regulators could stop them (https://www.chemtrust.org/wp-content/uploads/chemtrust-toxicsoup-mar-18.pdf).

The dossier covers PFBS and its salts which is a welcome approach for this SVHC identification. However, we do see the urgent need to apply more effective regulatory approaches, such as covering an even larger group of substances in the subsequent control measures to break the vicious circle of moving from one to the next PFAS which is a group of over 4,000 substances.  (see also
Wang et al, Environ. Sci. Technol. 2017, 51, 2508−2518, A Never-Ending Story of Per- and Polyfluoroalkyl Substances (PFASs)? DOI: 10.1021/acs.est.6b04806).

In the recent CHEM Trust briefing we advocate for stringent global regulation of PFAS as a group under the Stockholm Convention:
PFAS – the ‘forever chemicals’, Invisible threats from persistent chemicals. CHEM Trust, 2019. https://chemtrust.org/wp-content/uploads/PFAS_Brief_CHEMTrust_2019.pdf
	

	
	
	
	

	5345
2019/10/18
	Finland,
Member State
	The following monitoring data between 2014-2019 are available for PFBS in Finnish surface waters: 222 water samples has been analysed from 47 different sites around Finland with the concentrations of PFBS ranging from <0.1–4030 ng/L (56 % > LOQ). Highest measured concentrations of PFBS are from firefighting training sites or ditches and streams near airport area. In all river samples, which were not from the point sources, concentrations were between <0.1-3.6 ng/L (unpublished data, available in database) (Finnish Environment Centre 2018).

Refence:
Finnish Environment Institute 2018. Open information. Ympäristötiedon hallintajärjestelmä Hertta. Pintavesien vedenlaatu (VESLA). Available at https://wwwp2.ymparisto.fi/scripts/kirjaudu.asp (registration required) (in Finnish).
	

	
	
	
	

	5346
2019/10/18
	Cefic,
Industry or trade association,
Belgium
	
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5346_2019 04 29_Cefic updated reflection on SVHC_ELoC for env.pdf
	

	5348
2019/10/18
	3M Belgium,
Company,
Belgium
	Please find our comments in attachment.
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5348_3M comments.pdf
	

	5349
2019/10/18
	SABIC Innovative Plastics BV,
Company,
Netherlands
	
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5349_PFBS rebuttal to SVHC categorisation.pdf
	

	5350
2019/10/18
	LANXESS Deutschland GmbH,
Company,
Germany
	
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5350_LANXESS_Comments_SVHCproposalPFBSandsalts.pdf
	

	5351
2019/10/18
	ASD-EUROSPACE,
Industry or trade association,
France
	
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5351_ASD-Eurospace comments on PFBS and its salts-18102019-Final.pdf
	

	5352
2019/10/18
	American Chemistry Council,
Industry or trade association,
United States
	As discussed above, the Proposal’s underlying rationale for identifying PFBS as persistent and mobile is to address concerns for exposure to the substance from drinking water.  However, it is possible to use existing risk assessment and risk management to address mobility and potential exposure via drinking water.   Therefore, additional screening criteria for SVHC ELoC that would lead directly to restriction or authorization under REACH are not warranted.

The concept of mobility is currently assessed as part of the exposure assessment required under REACH.  The environmental risk assessment aims to evaluate the exposure from the uses registered by the applicant, which includes consideration of release rates and environmental transport in the environment.  As such, the mobility of a substance is already incorporated in the exposure assessment, since properties such as environmental fate and partitioning to and between different media are key input parameters. Narrowing the evaluation of mobility to a single intrinsic property, such as Koc, may generate false positives inadvertently implicating many substances that are not a real-world concern for exposure from sources of drinking water.

Environmental risk assessment under REACH addresses all environmental compartments, including the groundwater compartment, as illustrated in the ECHA guidance for predicted environmental concentration (PEC) derivation.  In particular, predicted exposure in groundwater (PEClocalgrw) is used in the exposure modelling for humans with indirect exposure via the environment. As indicated by the guidance, monitoring information may be used when it is representative and within the scope of the risk assessment.  These points should be addressed in Section 3.2.4 of the Proposal.

In addition, there are existing regulatory frameworks outside of REACH that should be utilized for protection of drinking water, including the Water Framework Directive.  This allows for environmental monitoring to be used to determine if chemicals are present in drinking water at levels that raise concern.

ACC supports the use of tiered, risk-based approaches for assessment of chemicals.  Regulatory action should not be based solely on screening-level, hazard criteria or intrinsic properties without the opportunity for risk assessment.  Based on the above considerations, including the possibilities for addressing concerns for drinking water with existing risk assessment tools and methods, in general, the combination of properties including mobility should not be considered as ELoC for SVHC.
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5352_FINAL_ACC Comments to ECHA PFBS 101819.pdf
	

	5354
2019/10/23
	FluoroCouncil,
Industry or trade association,
United States
	
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5354_FINAL FluoroCouncil response PFBS SVHC consultation 18-10-19 .pdf

	

	5357
2019/11/04
	Sweden,
Member State
	
	

	
	
	See the corresponding embedded attachment in table 1 of Part I: 5357_Nyberg et al 2018 (003).pdf
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Cefic updated reflections on the current process suggesting to identify
Substances of Very High Concern (SVHC) based on their Equivalent Level
of Concern (ELoC) to PBT/vPvB substances

This paper aims to share Cefic’s general considerations on the process and approach proposed to identify

SVHCs based on equivalent level of concern related to human and environmental effects, in order to
protect ground and drinking water.

Beside other regulatory actions, an industry commitment exists already towards the protection of drinking
water resources from chemical contamination.

SVHC identification is one route under REACH to target chemicals based on specific hazardous properties.
However, considering the direct impact on the market, regulatory consequences, etc. SVHC identification
should remain a case-by-case assessment based on well-defined criteria — which is currently not the case
for the use of Article 57f addressing ELoC for environmental purposes.

1. Process transparency and predictability

In order to ensure transparency and predictability in the REACH process, all requirements needed to fulfil
the identification assessment should be clearly identified and defined before any dossier development.

Art 57f of REACH allows the identification of SVHC, based on the Equivalent Level of Concern (ELoC) route.
However, the way to determine this equivalence is open to interpretation.

For human health effects - with regard to the identification of sensitisers as ELoC - discussions with Member
State Competent Authorities, the Commission and ECHA resulted in an ECHA authored paper in 2012
entitled “Identification of substances as SVHC due to equivalent level of concern to CMRs (Article 57f) —
sensitisers as an example”.

This discussion paper elaborated on factors to consider when assessing whether a substance with those
properties could be identified as a sensitiser with ELoC to CMRs, was the outcome of a yearlong discussion
in the RIME meeting (Risk Management Expert meeting), the CARACAL and the MSC (Member State
Competent Authority meeting).

For the environmental effects, a similar approach, including stakeholder consultation, is requested to
develop a number of key elements on the basis of which it may be determined, whether they may be
regarded as giving rise to an “equivalent level of concern” to those of PBT/vPvB substances.

= A policy paper doesn’t exist yet for environmental effects. Currently, creating uncertainty in the
approach proposed.

= A paper should be developed and discussed together with stakeholders well before any
application in Annex XV dossier proposal.



https://echa.europa.eu/documents/10162/13657/svhc_art_57f_sensitisers_en.pdf/a50728cc-6514-486c-9108-193a88b4bc9e
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The lack of a clear agreement and guidance on how Article 57(f) should be used was recently addressed
by the EU Commission in response to the Parliamentary question for written answer E-000641-19, dated
4 February 2019 ( ).

To the question “Is there a mutual agreement and understanding of what constitutes an equivalent level
of concern under Article 57(f), and will the Commission get actively involved in determining that
criterion?”, the EU Commission replied:

“Several discussions have taken place during the last years on what entails ‘equivalent level of concern’
(ELoC) for the purpose of Article 57 (f) of REACH. At the meeting of the Competent Authorities under
REACH and CLP (CARACAL11 in November 2012, criteria for ELoC of substances with sensitising
properties2 were agreed {...).

For other effects, such as those relevant for the inclusion of substances like PFHxA, different views exist of
what constitutes ELoC. Due to that, the Commission announced in 2018 in the REACH Review that it will
ensure together with ECHA and Member States that criteria for the identification of substances of very
high concern (SVHC) requiring an assessment of ELoC are developed and applied in a consistent
manner3.”

Cefic welcomes the Commission’s response emphasizing the need of the adoption of clear criteria before
Article 57(f) can be used for evaluating substances based on environmental criteria.

- The response also refers to the Annex XV Dossier submitted by Germany in 2018 for the inclusion
of PFHXA into the SVHC list on similar criteria as the ones currently proposed in the Annex XV
report for the SVHC identification of HFPO-DA.

- However, due to the lack of consensus among the Member States on how to evaluate a
substance based on an ELoC for environmental effects, the German Competent Authorities
eventually decided to withdraw their proposal after three days of intense debate during MSC62
(Member State Committee meeting of December 2018).

2. ELoC conditions to be fulfilled

In 2016, the European Court of Justice concluded in an appeal case (C-323/15P) that “In order for a
substance to be classified as SVHC, REACH Art 57f requires that two conditions be fulfilled:

- There must be a scientific evidence of probable serious effects to human health or the environment
and

- Those effects must give rise to an equivalent level of concern to those of other substances listed
in point (a) to (e) of that article.”

Meaning “the condition relating to the serious effects to which the substances in question give rise is not
sufficient for the substances in question to be identified as substances of very high concern. There must
also be scientific evidence (such as exposure, emission, normal risk assessment, etc) that those serious
effects give rise to an equivalent level of concern to CMR/PBT/vPvB listed in Article 57(a-e) of REACH”. The
hazard assessment as indicated in the guidance to prepare Annex XV dossier for ELoC to CMRs, should
consider the seriousness of the effect, the irreversibility of the effect, the nature of the effect, the
consequences for the society and the difficulty to perform concentration based risk assessment.



http://www.europarl.europa.eu/doceo/document/E-8-2019-000641_EN.html
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= A list of parameters to consider should also be developed to prepare Annex XV dossier for ELoC to
PBT/vPvB before an SVHC proposal is submitted.

The assessment should include

- The development of clear ELoC parameters to fulfil.

- A demonstration of the serious effect caused on human health and/or the environment by the
substance

- A scientific evidence supporting that these serious effects provide equivalent level of concern to
CMRs, PBT or vPvB substances.

- An assessment of the real exposure

- An assessment of the reversibility/irreversibility of the effect

- Athorough risk management option analysis (RMOA) based on all available information.

= Defining intrinsic properties and criteria giving rise to the equivalent concern to PBT/vPvB require
further scientific and regulatory discussion®.

Once agreed, the set of criteria proposed for consideration to identify SVHC based on ELoC for
environmental purposes should be combined. All available data should contribute to determine the hazard
profile. Indeed, an isolated assessment doesn’t provide information on potential exposure in an
environmental compartment, nor does it inform on the type of and severity of adverse effects to humans
nor to the environment.

The ELoC approach should not be used as a last resort to ensure data gathering for further assessment, to
address new groups of chemicals, or implement fast regulatory action.

= Further discussion is needed to fine-tune the identification step and ensure implementation of
effective risk management actions.

3. Conclusion

While sharing the ambition for safe ground- and drinking water, Cefic is of the opinion that applying a
regulatory route without any agreement on the elements needed to fulfil the SVHC identification route
based on ELoC for environmental purposes, is premature and may end up as using inadequately this
regulatory route.

1 Cefic developed supporting material opening discussion on the proposed properties tabled so far by Authorities. This second
document aims to trigger some ideas and feed into upcoming multi-stakeholder discussions on how an equivalent level of
concern to PBT/vPvB could be best envisaged and demonstrated.
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= There is a request for more clarification and transparency in the process applied to propose a SVHC
identification based on ELoC for environmental purposes, knowing that required information to
support such identification has not been defined yet.

The European Chemical Industry Council remains ready and willing to discuss and share further ideas on
the SVHC identification process based on Equivalent Level of Concern having serious effect to the
environment.

* % %

For more information, please contact:
Amaya Janosi, REACH Manager, Cefic,
+32 2.436.93.90 or

About Cefic

Cefic, the European Chemical Industry Council, founded in
1972, is the voice of 29,000 large, medium and small
chemical companies in Europe, which provide 1.2 million

jobs and account for 17% of world chemicals production.
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3M Comments on the Annex XV Report on PFBS
Executive Summary

3M Company (“3M”) offers the following letter as its comments for the public consultation to the ECHA
Proposal for Identification of a Substance of Very High Concern based on the Criteria Set Out in REACH Article
57, published on August 5, 2019 on the ECHA website. The Annex XV report, entitled "IDENTIFICATION OF
PFBS AND ITS SALTS AS SVHC" (the "Annex XV Report”), proposes to identify perfluorobutane sulfonic acid
("PFBS") and its salts as substances of equivalent level of concern to those of other substances listed in points
(a) to (e) of Article 57 of Regulation (EC) No 1907/2006 (REACH) according to Article 57(f) of REACH
Regulation. It does so principally by relying on the notions of potential environmental persistence and
mobility.

As discussed in the General Comments submitted as part of the present comments, there is no established
definition, nor scientific consensus on the criteria to apply to determine that a given substance qualifies as
"Persistent, Mobile and Toxic" (PMT), and the conditions in which those effects would give rise to an
equivalent level of concern ("ELoC") to substances that meet the criteria of Article 57(a) to (e) of REACH. With
reference to the case law of the European Courts in Cases C-324/15' and T-636/172, it is thus not legally
possible to list substances on the candidate list on the basis of their PMT properties. Indeed, while the General
Court has ruled that, with respect to endocrine disruptors, in the absence of EU definition, the JRC definition in
use since 2014 "may be considered to be a consistent and foreseeable approach for all stakeholders active in
the field of substances that may be identified as being endocrine disruptors of very high concern", this is
certainly not the case for PMTs.

In particular, ‘Mobility’ is not a concept that is used under REACH to establish serious effects to human health
or the environment, nor does it exist under the CLP. Also, there is no definition nor criteria to assess ‘mobility’
under REACH, nor outside of REACH in a way that would be considered to result from a scientific consensus.

As regards PFBS more specifically, 3M considers that none of the two conditions for the listing of a substance
on the candidate list on the basis of Article 57(f) ("serious effects" and "equivalent concerns") is met. Indeed:

As regards "serious effects", the Annex XV Report has not demonstrated that there is scientific evidence
of probable (or at least possible) serious effects to human health or the environment caused by PFBS on
the basis of an analysis of the hazards linked to the intrinsic properties of that substance. Studies done
appropriately do not show the effects used as justification in the Annex XV Report. For example, the
methodologically flawed study Chen et al 2018a asserts (but provides no data demonstrating)
statistically significant effects on body weight and length given exposure concentrations < 10 pg/L. In
contrast, Hagenaars et al. (2011) followed the OECD 236 test guideline, with extended exposure duration
and number of observations, and did not find an effect on larval length at exposure to 3000 mg/L.

As regards "equivalent concern", the Annex XV Report simply states that “taken together in a weight-of-
evidence consideration, the above arguments demonstrate that there is scientific evidence of probable
serious adverse effects of PFBS... which give rise to an equivalent level of concern to those listed in points
(a) to (e) of Article 57 of the REACH Regulation” without any demonstration of how these alleged serious

1 Case C-324/15 P, Hitachi Chemical Europe GmbH and Polynt SpA v European Chemicals Agency, Judgment of the Court (First
Chamber) of 15 March 2017.

2 Case T-636/17, PlasticsEurope v European Chemicals Agency, Judgment of the General Court (Fifth Chamber) of 20 September
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effects are equivalent and to which of the concerns listed on points (a) to (e) of Article 57 of REACH they
are claimed to be equivalent to.

As discussed in the Specific Comments submitted as part of these comments, PFBS itself is not metabolized and
is excreted rapidly and has very low toxicity in acute and repeat-dose tests in mammals. It did not affect
reproductive function or prenatal development in mammalian studies. It is also not acutely or chronically toxic
to aquatic organisms or birds. Although it is resistant to degradation under normal environmental conditions,
PFBS does not accumulate in organisms over time. As a chemical with low toxicity that does not bioaccumulate,
PFBS does not meet the criteria for designation as a PBT or vPvB chemical according to the criteria laid out in
Annex XlII of EC1907/2006, the REACH regulation. Upon review of the environmental fate, human health, and
ecotoxicological assessments in this proposal, 3M respectfully disagrees with the conclusions of the Annex XV
Report. 3M also has concerns regarding the reliance on a persistence/mobility basis for identifying SVHC. While
3M supports the use of persistence/mobility as a preliminary screening criterion, it does not agree with its use
as a direct regulatory criterion.

In its review of the environmental fate properties section of the Annex XV Report, 3M is of the opinion that the
Annex XV Report presents an incomplete set of data on environmental distribution of PFBS, doesn’t consider
the various sources of PFBS in the environment, draws some conclusions that are not supported by the data,
and mischaracterizes the treatment options for PFBS. It should therefore be recognized that based on available
data on PFBS:

1) The PFBS that is currently present in the environment may have originated from a variety of sources and
hence current distribution patterns of PFBS are not necessarily reflective of the mobility of PFBS or its
higher molecular weight precursors under current use or emissions scenarios.

2) The properties of PFBS are distinct from those of other PFAS that have a tendency to bioaccumulate.
The half-life of PFBS in animal and human serum is generally short and consequently PFBS does not
readily bioconcentrate or bioaccumulate in animals or humans. Even in the worst case scenario of
exposure via plant uptake, there has been no direct link to show increased levels of PFBS in people or
other organisms from eating plants.

3) Reliance on Koc alone as a criterion for evaluating mobility is problematic for PFBS because the sorption
of PFBS to environmental media is a complex process that is influenced by organic carbon, as well as
presence of mineral surfaces and solution chemistry (pH, ionic strength).

4) There isn’t sufficient evidence to conclude that levels of PFBS in environmental media are increasing.

5) Treatment options such as GAC can be used for PFBS under specific operating conditions adjusted to
retain PFBS. More options such as ion exchange and reverse osmosis which have been demonstrated to
be effective on the bench scale are being considered for large scale applications.

Likewise, upon review of the human health assessment in the Annex XV Report, 3M also respectfully disagrees
with the conclusions of therein. The current SVHC proposal appears to be a biased presentation that excludes
important working knowledge which leads to alternative conclusions, and, most importantly, fails to critically
synthesize the literature in the weight of the evidence review for the health-based outcomes. Specifically, it is
imperative to recognize that:






1) PFBS exposure to the general population is minimal.

2) The liver hypertrophy effect is an adaptive effect and should not be viewed as an adverse outcome.

3) Mechanistic study demonstrated that PFBS causes a reduction in serum triglyceride, not increase.

4) The renal hyperplasia in rats was likely due to increased filtration of a large quantity of PFBS.

5) Toxicology data do not support PFBS can cause endocrine disruption.

6) The reproductive and developmental endpoints reported in mice need to be carefully evaluated. The

(mouse) data were from a non-guideline / non-GLP gestational exposure study (Feng et al. 2017) with
limited technical details disclosed and its validity cannot be verified (see more detailed comments
below). The outcomes were very different when compared to a full-GLP 2-generation study in rats
(Lieder et al., 2009). The latter has a rigorous study design, doses, as well as direct treatments to
developing fetuses and pups during sensitive life stages across multiple generations. As detailed below,
the sharp contrasts warrant further careful review and evaluation on the reproductive and
developmental effects in rodents. The lack of concordance between the two studies does not
adequately support the Annex XV Report’s conclusions on reproductive and developmental endpoints.

Finally, 3M disagrees with the conclusions made in the environmental hazard assessment in the Annex XV
Report. Specifically, it is important to know that:

1) The marine medaka studies cited to derive a T conclusion under Annex Xlll of REACH are flawed and
unreliable. The results are inadequate to conclude whether effects are real, due to organism stress, or
are simply normal variation.

2) The same marine medaka studies were used to support conclusions on thyroid effects that are not
justified. Further, the tadpole study cited in support of an effect on estrogen and androgen receptors
was unable to show expected results with control substances and should be discounted.

For clarification purposes, PFBS has only a few direct uses in its discrete form or as a salt but is found more
often as part of various PFBS-related substances. In these substances, the PFBS functionality is used to impart
resistance to oil, water, chemicals, temperature fluctuations, and/or fire to materials, as well as changing
surface tension properties. These properties are important in various product applications across many
industries and PFBS-related substances are used in the manufacturing of a variety of products. PFBS-related
substances are found in useful and important products such as surgical gowns and drapes, where these
materials help prevent infections. They are also critical to the manufacturing of electronic devices such as cell
phones and semiconductors. Specialty coating applications, worker safety in the metals industry, and flame
retardants for polymers are also areas which use products involving this chemistry.

To conclude and based on the detailed information provided and cited herein, 3M considers that PFBS
should not be listed as a SVHC.






GENERAL COMMENTS ON PROPOSED SVHC LISTING OF PFBS UNDER REACH ARTICLE 57(h)

3M considers that the criteria for the application of Article 57(f) to PFBS are not met, as described in these
comments, and therefore opposes the proposed identification of PFBS as a SVHC under REACH.

1. The Article 57(f) Criteria

As it results from the text of Article 57(f) and from the Case law of the European Court of Justice of the EU in
Case C-324/153 and of the General Court of the EU in the very recent Case T-636/17%, there are two conditions
that must be demonstrated for a substance to qualify as an SVHC under Article 57(f) of REACH:

(1) there must be scientific evidence of probable (or at least possible) serious effects to human health
or the environment and

(2) those effects must give rise to an equivalent level of concern (ELoC) to substances meeting the
criteria of Article 57(a) to (e) of REACH, i.e. substances considered to be CMR 1a or 1b, PBT or vPvBs.

As these Courts have ruled, the first condition (serious effects) requires “an analysis of the hazards linked to the
intrinsic properties of the substance under consideration”. > The second condition (equivalent concern) also
should be “based on the analysis of the hazards arising from the intrinsic properties of the substance, without
prohibiting the taking into consideration of other data” .®

2. The precedent of Endocrine Disruptors

The General Court has also ruled that ECHA is bound by the principle of "scientific excellence" when conducting
an analysis of the intrinsic properties of a substance in the framework of Article 57f of REACH and that there
must be a scientific standard in place that represents a "consistent and foreseeable approach for all stakeholders
active in the field of substances that may be identified" for a particular hazard under that article, such as
endocrine disruptors.

More specifically the General Court ruled that “when ECHA conducts an analysis of the intrinsic properties of a
substance, it is bound by the principle of scientific excellence, which means that it must comply with the best
current scientific standards”’. With respect to endocrine disruptors, which are specifically referred to in Article
57(f), the General Court has ruled that the scientific standard “applied by scientists in the identification of
endocrine disruptors at the time (...) followed from the recommendation of the JRC’s report (on endocrine
disruptors)”®.

3 Case C-324/15 P, Hitachi Chemical Europe GmbH and Polynt SpA v European Chemicals Agency, Judgment of the Court (First
Chamber) of 15 March 2017.

4 Case T-636/17, PlasticsEurope v European Chemicals Agency, Judgment of the General Court (Fifth Chamber) of 20 September
2019.

5 Case T-636/17, para. 41.
6 Case C-324/15 P, paras. 26, 27 and 40.
7 Case T-636/17, para 102.
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The General Court also ruled that, despite the fact that “a set of scientific criteria has not been laid down that
ECHA may apply in order to identify endocrine disruptors” and that “no consensus had been reached thus far as
regards the definition of an endocrine disruptor”, “ECHA has used the JRC definition in its settled practice since
2014” and that “ECHA’s established use of the JRC definition since 2014 may be considered to be a consistent
and foreseeable approach for all stakeholders active in the field of substances that may be identified as being
endocrine disruptors of very high concern”®.

3. PMTs
No definition, no criteria, no consistency or foreseeable approach

Contrary to Endocrine Disruptors, which are specifically mentioned in Article 57(f), there is no reference in that
article nor in the REACH Regulation to substances that would be of concern due to their Persistent, Mobile and
Toxic (PMT) properties.

Also, contrary to Endocrine Disruptors, there is no established definition, nor scientific consensus on the criteria
to apply to determine when a substance qualifies as a PMT nor a definition of this term.

This term appeared for the first time in a report presented by the German Environment Agency,
(Umweltbundesamt or "UBA") authority in September 2018°, but has never been validated at the EU level.
Unlike for Endocrine Disruptors, there is thus no definition nor criteria that may be considered to be “consistent
and foreseeable approach for all stakeholders active in the field of substances that may be identified as” PMTs.

This is confirmed by the Commission's response to a Parliamentary question by MEP John Procter on the
proposed inclusion of perfluorohexanoic acid (PFHxA) on the candidate list'l. On 15 April 2019, the Commission
responded that indeed there was no scientific consensus on PMTs at the time. More specifically, the Commission
responded as follows:

"The Commission has been actively involved in several workshops organised by the German Environment Agency
and in European Chemicals Agency (ECHA) working groups discussing the development of a mobility criterion.
No decision has been reached on whether and how to use the criterion under [REACH]. Several discussions have
taken place during the last years on what entails ‘equivalent level of concern’ (ELoC) for the purpose of Article 57
(f) of REACH. At the meeting of the Competent Authorities under REACH and CLP (CARACAL) Commission Expert
Group of the Competent Authorities for [REACH and the CLP], in November 2012, criteria for ELoC of substances
with sensitising properties (...) were agreed after discussions between Member States, Commission, ECHA and
stakeholders. For other effects, such as those relevant for the inclusion of substances like PFHxA, different views
exist of what constitutes ELoC. Due to that, the Commission announced in 2018 in the REACH Review that it will
ensure together with ECHA and Member States that criteria for the identification of substances of very high
concern (SVHC) requiring an assessment of ELoC are developed and applied in _a consistent _manner

% Case T-636/17, paras. 157 to 162.
10 Report No. (UBA-FB) 002595, revised edition, dated 09/2018.
11 E-000641-19 of 4 February 2019.





COM(2018)116: Commission General Report on the operation of REACH and review of certain elements —
Conclusions and Actions (...)" (Emphasis added).

In fact, the UBA Report!? itself specifies in its conclusions that "(t)he results of this project will support the
ongoing discussion to define PMT criteria under REACH based on the proposal by Neumann and Schliebner
(2017)", thereby demonstrating that such PMT criteria had not yet been defined in the REACH Framework.

Since April 2019, there has been further discussions in CARACAL on PMTs but no decision as the issue is again
on the agenda of the CARACAL meeting in November 2019. Also there has been no criteria adopted at the EU
level or internationally for the identification of PMTs that can be "applied in a consistent manner" nor in a
foreseeable manner for stakeholders.

Since then also, the Member State Committee of ECHA (MSC) has decided to list PFHXA on the candidate list on
the basis of Article 57f. This is a decision taken on a specific substance, in the absence of pre-agreed definition
or criteria, and without the MSC having adopted any definition or criteria on a generic basis, nor any discussion
with stakeholders, nor scientific consensus being reached, at the Community or International level. In any event
the MSC is not competent to interpret EU law, including the REACH Regulation.

Mobility

In particular, ‘Mobility’ is not a concept that is used under REACH to establish serious effects to human health
or the environment, nor does it exist under the CLP. Also, there is no definition nor criteria to assess ‘mobility’
under REACH, nor outside of REACH in a way that would be considered to result from a scientific consensus.
Mobility is rather used as a criterion to assess exposure of registered uses of substances through the
environmental risk assessment under REACH, which includes consideration of release rates and environmental
transport in the environment.

‘Mobility’ as a criterion to establish serious effects to human health or the environment should not be used
without considering exposure scenarios and the levels of the substance concentration that are found when
determining the presence of a substance.

Mobility in the PMT context has notably been alleged through the finding of substances in remote area.
However, there has been no demonstration that the origin of the transportation of the substance to such
remote areas is due to the substance’s intrinsic properties or is independent therefrom.

Narrowing ‘mobility’ to a single criterion, such as the soil absorption (Koc) could generate the inclusion of
substances independent from the intrinsic properties of these substances.'3

12 See footnote 10 above.
13 please refer also to similar points made in “CEFIC [European Chemical Industry Council] Reflections on UBA’s Report on PMT/

vPvM Concept” (June 2019) and “ANNEX — Cefic detailed Technical comments on the German UBA’s PMT/vPvM concept based on
mobility assessment, UBA’s report issued in June 2019” (August 2019).





Persistence

As regards the persistence criterion ("P"), we note that this criterion, as proposed by UBA, is different from the
"P" criteria as included in the concept of PBT and vPvB, without again any consensus in that regard.

Finally, the comparison of persistence and mobility with persistence and bioaccumulation suggests that mobility
is of equivalent concern to bioaccumulation however there is no scientific consensus or EU policy decision in
that regard.'*

4, PFBS

Norway proposes to identify PFBS as a SVHC on the basis of “several concerns” based on the “intrinsic properties
of PFBS”1>. However, the concerns identified are mostly related to the exposure of PFBS in the environment,
such as its alleged “persistence” and “mobility”, which are not “hazards” based on the intrinsic properties of
PFBS. The Annex XV Report indicated that “the very high persistence, together with low absorption potential and
high mobility, imply a high potential for increasing environmental concentrations and irreversible exposures to
wildlife and humans via the environment”. Norway alleges that for PFBS the T criteria for ecotoxicity in Annex
Xl of REACH are fulfilled. However, this conclusion was based largely on a series of publications by Chen et al.
in 2018-2019. Due to severe methodological issues indicated by substantial developmental delays, these studies
do not form an appropriate basis for determining effect concentrations. Data supporting this conclusion were
similarly flawed or did not show a meaningful effect.

In view of the above, and as regards the first criteria of Article 57(f) (serious effects) we believe that Norway has
not demonstrated that there is scientific evidence of probable (or at least possible) serious effects to human
health or the environment caused by PFBS on the basis of an analysis of the hazards linked to the intrinsic
properties of that substance.

As regards the second criteria of Article 57(f) (equivalent concern), the Annex XV Report simply states that
“taken together in a weight-of-evidence consideration, the above arguments demonstrate that there is scientific
evidence of probable serious adverse effects of PFBS... which give rise to an equivalent level of concern to those
listed in points (a) to (e) of Article 57 of the REACH Regulation” without any demonstration of how these alleged
serious effects are equivalent and to which of the concerns listed on points (a) to (e) of Article 57 of REACH they
are claimed to be equivalent to.

5. The SVHC Roadmap

On 6 February 2013, ECHA adopted an SVHC roadmap seeking to identify all SVHCs by 2020 (the Roadmap). To
that effect, the Roadmap defines a process based on screening methods and Risk Management Option Analyses
(RMOA) to identify SVHCs that should be considered as ‘relevant’ for the implementation of risk management
measures under REACH.

¥ |dem.
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Priority should be given to substances that are registered for non-intermediate uses and meet the following
substance groups:

- CMRs (Cat 1A/B)

- PBTs/vPvBs

- Sensitisers (and substances with other human health related hazard profiles, which may give rise to

equivalent level of concern (ELoC))
- Endocrine disruptors (EDs)
- Petroleum/coal stream substances which are CMRs or PBTs

We note that this list does not include ELoC with environmental hazard profiles, like PMTs. The roadmap had
been adopted to establish a clear planning and to bring predictability. Yet, the SVHC roadmap has not been
amended to reflect any policy decision on PMTs and how they should be treated.

In accordance with the SVHC Roadmap, once identified, SVHCs should be the subject of an RMOA, to determine
the most suitable risk management option, either in REACH or outside of REACH, before they are listed on the
candidate list.

Exceptions are provided for PBTs and vPvBs and substances fulfilling Article 57(f) REACH for a hazard property
without harmonized criteria in Annex | of CLP (e.g. EDs). Unless the RMOA concludes that there is no need for
further regulatory action under REACH, an SVHC identification by the MSC through an Annex XV dossier could
be possible irrespective of the RMOA outcome. Accordingly, the substance could be included in the candidate
list even if a restriction is foreseen. But in any case, this does not preclude carrying out an RMOA since the
Roadmap clearly states that “all PBT and vPvB substances identified by the PBT expert group should be RMO-
assessed”.*® Where the RMOA concludes that there is insufficient available data to identify the substance as
SVHC or to choose the best RMOA, the PBT or vPvB properties may be clarified through compliance
check/substance evaluation/voluntary communications. Such evaluations are expected to play an important
role in the identification of PBTs, vPvBs and endocrine disruptors.

There has been no RMOA conducted on PFBS (nor on PFHXA )in breach of the SVHC roadmap, which companies
have legitimate expectations that it should be followed.

Prior to the listing of PFBS on the candidate list, an RMOA should be conducted to determine the most
appropriate route of action, and as a minimum that there is a need for further regulatory action.

e SVHC identification does not address concerns regarding the protection of drinking water.

e SVHC linked obligations could be irrelevant to improve water protection and induce additional unnecessary
obligations thus being in contradiction with the EU Better Regulation Agenda.

e SVHC identification should not be used to complete data gaps.

Also, other EU legislation provides specific tools for dealing with potential water contamination (Plant Protection
Products, Biocides, Industrial Emissions), including EU legislation specifically dealing with water (Water
Framework Directive) all of which should be considered first.

16 SVHC Roadmap p.14.





Finally, regulatory action should only be implemented where voluntary action has proven insufficient and such
regulatory action should first concentrate on collecting information prior to the adoption of a measure
impacting the industry’s business. Industry commitments already exist towards the protection of drinking water
resources from chemical contamination.

SPECIFIC COMMENTS ON ANNEX XV REPORT

Comments on Environmental Fate Properties:

3M has reviewed Section 3 of the Annex XV Report and identified several deficiencies summarized below and
expanded on in the specific comments enclosed:

Section 3 of the Annex XV Report presents a compilation of PFBS measurements in various environmental
media but doesn’t specify the methodology used to identify these datasets or the criteria based on which
they were deemed fit for purpose. The argument includes data that appears to be outside the scope of
REACH (e.g., contaminated sites, countries with different pollution control regulation) but excludes others
that are relevant for EU and which were included in 3M’s PBT assessment. In the absence of a defined
methodology, the selection appears arbitrary.

The environmental distribution data are used to support the conclusion that the substance has a high
mobility. We respectfully disagree with this approach because the presence of a chemical in the
environment without an assessment of the source (location, timing, amount) does not constitute proof of
intrinsic mobility of the chemical. PFBS that is currently present in the environment may have originated
from a variety of source (e.g., legacy production, use or release of perfluorooctanoate sulfonate (PFOS),
current production of PFOS in China etc). In particular, PFOS and associated polymers produced using
PFOS precursors contained low amounts of PFBS and PFBS precursors, but the use patterns of those
polymers were different than those of C4 polymers. Since the fate of a chemical in the environment
depends on the use and/or release pattern, the distribution of PFBS in the environment originating as an
impurity in other products versus current PFBS uses could be significantly different. Thus, current
distribution patterns of PFBS are not necessarily reflective of the mobility of PFBS or its higher molecular
weight precursors under *current® use or emissions scenarios.

The Annex XV Report goes back and forth between PFBS and perfluorosulfonic acids (PFSAs) as one and
the same class. Initially, it proposes the use of read across for PFBS based on C1 and C8 PFSAs, but then
points out that such read across might be problematic given the different water solubilities (and hence
bioavailabilities) of the two chemicals. There are other mentions of PFSAs throughout the Annex XV
Report, which should be excluded and refocused to only PFBS and its salts, acknowledging that there are
significant differences between PFBS and other PFSAs. PFBS does not readily bioconcentrate or
bioaccumulate in animals or humans, and even in worst case scenario (plants), there has been no direct
link to show increased levels of PFBS in people or other organisms from eating plants.

The Annex XV Report argues that temporal trends show PFBS concentrations in environmental media are
increasing. However, most literature reviewed finds decreasing trend or no statistically significant trend
(see for example systematic review performed by Magnus Land and coauthors upon request from the





Swedish Chemical Agency and published in 2018 in Environmental Evidence Issue 7 Article 4).
Furthermore, conceived trends are more likely due to the lowering of detection limits with improvements
in analytical methods and sampling techniques, the routine detection of PFBS at near or below the
detection limits in most temporal trend studies, and the fact that target lists have only recently started
including PFBS routinely. Therefore, conceived trends are likely the result of sampling and analytical
biases.

The fate and transport properties of PFBS precursors are only sparingly addressed.

The Annex XV Report makes several inaccurate statements about the general ability to remediate PFBS
from water. Contrary to what is stated in the Annex XV Report, PFBS can be successfully treated with
granular activated carbon (GAC) but similarly to the treatment process for other contaminants, operators
may need to adjust the operating conditions (e.g., carbon bed exchange frequency) or type of GAC
depending on the concentration and composition of the water. In addition to GAC, alternative treatment
options for short chain PFAS are also an area of active research (see Ateia et al. 2019 Chemosphere (2019):
866-882, Ross et al. Remediation 28(2):101-126) and include ion exchange and reverse osmosis. Various
oxidative methods are also being investigated for treatment of groundwater and possibly wastewater.
The Annex XV Report determined PFBS to be hazardous to the aquatic environment. We strongly disagree
with this determination because it is based on results from a single laboratory, which have not been
validated outside of the one laboratory, and which also suffer from significant methodological deficiencies
which are discussed in more detail elsewhere in this document.

Specific comments

1.3.2 Perfluoroalkane sulfonic acids uses in read-across

We disagree with the use of read across for PFBS to inform the persistence character on data from
significantly different homologs — C1 and C8 PFSA. Firstly, we do not see the justification for employing read
across for determining the persistence character of PFBS since sufficient primary data existed and was present
in the PBT assessment and registration dossiers of PFBS and associated salts. Secondly, as the Annex XV Report
also states later in the document, biodegradation could be influenced by the bioavailability of the substance in
water which differs significantly between C1 and C8 PFSA, suggesting that this would be a problematic read
across. In the Annex XV Report the biodegradation data for the C1 and C8 PFAS compounds appears to have
been used not to inform read across but rather as evidence to infer that chain length does not influence the
potential for degradation, which appears to be beyond the scope of the Annex XV Report (which is supposed
to be focused on PFBS and its precursors).

1.5 Physicochemical properties

e The statements that PFBS is a surfactant are not supported by the surface tension information
available in the REACH dossier for the potassium salt of PFBS (CAS 29420-49-3). The surface tension of
the PFBSK solution was measured at 70.45 mN/m, only slightly lower compared to the surface tension
of water (72.8 mN/m) indicating that PFBS does not have “excellent surfactant properties”.

e It should be acknowledged that the estimation of partition coefficients of PFAS with COSMOtherm
should be regarded with caution, and that there is ample experimental data available for PFBS which is
readily available and could be used instead of model estimates.
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3.1 Degradation

The statement that “The sulfur atoms in PFSAs are at their maximum oxidation state, and cannot be oxidized
further” is strictly speaking incorrect because the sulfur atom could be further oxidized to sulfate ion, which
would be a higher oxidation state (+6 in sulfate vs +5 in sulfonate).

3.2.1. Sorption to the organic fraction of soil

First of all, the Annex XV Report employs a criterion for “very high mobility class” of Koc 0-50 but does not
provide any reference or justification for how the authors arrived at this criterion. Without a justification, the
specific value of 50 seems rather arbitrary.

Second, this section contains several inconsistencies that need to be addressed. On one hand, with respect to
the measured adsorption coefficients of 0 to 0.5 (and we note that it is actually unclear if these values are in
log space and if they are organic carbon normalized and therefore directly comparable to the criteria or not),
the Annex XV Report states that “the low sorption of PFBS to all five matrices tested (three soils, sediment and
sludge) placed PFBS in the very high mobility class (Koc = 0 — 50)”. On the other hand, later in this section,
several values of Koc’s for PFBS are compiled from literature that span a wider range (log Koc 1.2 to 2.7; Koc of
16 to 500) than the criteria of 0-50 noted before. In addition, in section 3.2.2 (Sorption to the mineral fraction
of the soil), the Annex XV Report discusses several studies which showed that sorption to clays and mineral
surfaces can also be significant for PFBS. Furthermore, in section 3.4.1, the Annex XV Report notes that PFBS
has been found to partition to the suspended particulate matter with a log Kd of 3.4 in one study but it was
found to be distributed entirely in the water phase in another study. It is worth noting that a measured log Kd
of 4.3 would imply log Koc values of ~5.1, assuming the same 2% organic carbon content that was also used in
the Annex XV Report on page 37).

Given all this evidence, it appears that the sorption process of PFBS to environmental media has not been fully
understood yet, and it is very possible that distribution coefficients to soils, sediments or sludge may depend
strongly on specific characteristics of the media (e.g., organic carbon type and content, fractions and types of
mineral phases, solution chemistry parameters like pH) and in such cases, the application of a Koc-only criteria
for assessing mobility does not appear to be justified.

Third, the Annex XV Report states that “PFBS has a preference for distribution to the aqueous phase” but that
is not strictly true. The Koc values are greater than 1 and considering typical organic carbon fractions as in the
calculation done in the Annex XV Report on p.37, soil concentrations are estimated to be three times higher
than water.

3.2.4. Distribution modelling

This section is confusing and appears redundant by comparison with section 3.4.1. Section 3.2.4 starts by
stating that Arp and Sinde (2018) have performed distribution modeling for PFBS but without actually
providing any detail for the modeling that was done in that particular study. The section then goes on to
discuss the results of a study by Wania (2003), which upon closer inspection does not appear to be a suitable
model for PFBS due to its high solubility as noted by Wania in the paper: “The Globo-POP model was designed
for persistent organic pollutants, a fairly select group of nonpolar chemicals with intermediate volatility. [....]
However, it is still possible that for some chemical property combinations toward the fringe of the
investigated partitioning space the fate descriptions developed for POPs are insufficient. For example, for very
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water soluble substances the assumption of steady state precipitation used in Globo-POP is inappropriate [....].
For more polar substances, sorption to solids other than organic matter may become important”.

Later in the Annex XV Report, a lot of the same arguments are made in section 3.4.1, including a detailed
description of the modeling results of Arp and Sinde (2018) (assuming the authors are referring to the same
modeling results). It is unclear then why section 3.2.4 is needed or how it is supposed to be different than
3.4.1.

3.2.5. Field data

This paragraph doesn’t include details on the methodology used to identify the field data. In addition, as noted
in specific comments below, several literature studies were found that were not included in the various tables
of this section. Was this compilation meant to be comprehensive, what tools were used to search for the data,
how were the data evaluated for reliability?

3.2.5.1 PFBS in surface fresh water

With regard to presence of PFBS in surface fresh water, this section of the Annex XV Report states that “The
PFBS concentrations measured in surface water vary within a wide range. [....] However, the ubiquity of PFBS
in water samples shows that it is highly mobile and well distributed in the freshwater environment, even apart
from point sources.”

We find the conclusion of this paragraph to be misleading and we disagree with it because the presence of a
chemical in the environment without an assessment of the source (location, timing, amount) does not
constitute proof of intrinsic mobility of the chemical. In the case of PFBS, the assessment of sources is very
important particularly considering the fact that PFBS levels that are currently present in the environment
could have originated from production, use and/or release of other fluorinated materials that contained PFBS
as appreciable levels (e.g., according to an MSDS from January 29, 1998, the AFFF product FC-95 contained 3-
7% of potassium PFBS salt). The fate of a chemical in the environment depends on the use and/or release
pattern and thus, the distribution of PFBS in the environment as an impurity in other products versus current
PFBS uses could be significantly different.

In addition, even though materials such as PFOS have been phased out and production has been decreasing in
US and Europe since 2000s, production of such materials has shifted to China and could thus contribute to
observed levels of PFBS in environmental media in China (Land et al. Environ Evid. 2018 7:4). The inclusion of
data from countries like China and Vietnam is also problematic given that levels near production facilities in
such countries versus the EU are expected to be very different given the different pollution control
regulations. Furthermore, although the SVHC Proposal acknowledges that some of the environmental
distribution data is related to point sources, it fails to explain why such data is relevant for establishing the
mobility of the chemical or how the noted “ubiquity of PFBS in water samples” is related to current production
or uses of PFBS or its precursors.

Table 11: Concentrations of PFBS in surface water near PFAS production facilities or know hotspots (ng/L)
and conclusions on page 48 and 49

The inclusion in Table 11 of data in Table 11 from countries such as China and Vietnam and the blanket
inclusion of data from near PFAS facilities are both problematic. First, countries such as China and Vietnam
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have significantly less stringent pollution control regulations compared to the EU. In addition, PFBS is known
to be an impurity in PFOS and PFOS is still being produced in China. Therefore, environmental presence of
PFBS in China may not be at all related to current production or uses of PFBS. The authors should explain what
the relevance of data from China and Vietnam is from a REACH regulatory standpoint or remove it.

There are also additional references that were not included in this field data summary such as a compilation of
data on polyfluorinated chemicals in European surface water, groundwater and drinking water by Eschauzier
et al. (2012 DOI: 10.1007/978-3-642-21872-9_5) In addition, a body of articles concerning field sampling in
regions generally remote from sources was submitted to Norwegian authorities but has been excluded from
this analysis. Marine papers include:

Ahrens, L., Zhiyong Xie, and R. Ebinghaus. 2010. 'Distribution of perfluoroalkyl compounds in seawater from
Northern Europe, Atlantic Ocean, and Southern Ocean', Chemosphere, 78: 1011-16.

Benskin, J.P., Derek C.G. Muir, B.F. Scott, C. Spencer, A.O. De Silva, H. Kylin, J.W. Martin, A. Morris, R.
Lohmann, G.T. Tomy, B. Rosenberg, S. Taniyasu, and N. Yamashita. 2012. 'Perfluoroalkyl acids in the Atlantic
and Canadian Arctic Oceans', Environmental Science & Technology, 46: 5815-23.

Cai, M., H. Yang, Z. Xie, Z. Zhao, F. Wang, Z. Lu, R. Sturm, and R. Ebinghaus. 2012. 'Per- and polyfluoroalkyl
substances in snow, lake, surface runoff water and coastal seawater in Fildes Peninsula, King George Island,
Antarctica', J. Haz. Materials, 209-210: 335-42.

Cai, M., Z. Zhao, Z. Yin, L. Ahrens, P. Huang, M. Cai, H. Yang, J. He, R. Sturm, R. Ebinghaus, and Z. Xie. 2012.
'Occurrence of perfluoroalkyl compounds in surface waters from the North Pacific to the Arctic Ocean’,
Environmental Science & Technology, 46: 661-68.

Yamashita, Nobuyoshi, S. Taniyasu, Gert Petrick, Si Wei, Toshitaka Gamo, P.K.S. Lam, and K. Kannan. 2008.
'Perfluorinated acids as novel chemical tracers of global circulation of ocean waters', Chemosphere, 70: 1247-
55.

Freshwater papers include:

"Gantner, N, J. Veillette, W. K. Michaud, R. Bajno, D.C.G. Muir, W.F. Vincent, M. Power, B. DIXON, J. D. Reist, S.
Hausmann, and R. Pienitz. 2012. 'Physical and Biological Factors Affecting Mercury and Perfluorinated
Contaminants in Arctic Char (Salvelinus alpinus) of Pingualuit Crater Lake (Nunavik, Canada)', Arctic, 65: 195-
206."

Wild, Seanan, David MclLagan, Martin Schlabach, R. Bossi, Darryl Hawker, Roger Cropp, Catherine K. King,
Jonathan S. Stark, Julie Mondon, and Susan Bengtson Nash. 2015. "An Antarctic Research Station as a Source
of Brominated and Perfluorinated Persistent Organic Pollutants to the Local Environment." In Environmental
Science & Technology, 103-12. American Chemical Society

Yamazaki, E., J.J. Falandysz, S. Taniyasu, G. Hui, G. Jurkiewicz, N. Yamashita, Y.L. Yang, and P.K.S. Lam. 2016.
'Perfluorinated carboxylic and sulphonic acids in surface water media from the regions of Tibetan Plateau:
Indirect evidence on photochemical degradation?', J. Environ. Sci. Health Part A, 51: 63-69
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Table 13 Concentration of PFBS in drinking water

This table in the Annex XV Report does not include a large monitoring data set from US (UCMR3) which
measured PFBS and other PFAS at drinking water facilities between 2013 and 2015. In this dataset, PFBS was
found at above reporting levels (0.09 ug/L) only in 19 out of 36,953 water samples collected (0.051%). By
facility, PFBS was found only at 10 of the 5,543 facilities tested (0.18%), and detection of PFBS was often
associated with detection of other PFAS such as PFHpA, PFOA, and/or PFOS, suggesting that presence could be
due to legacy contamination of other PFAS.

There are also additional references that were not included in this field data summary such as a compilation of
data on polyfluorinated chemicals in European surface water, groundwater and drinking water by Eschauzier
et al. (2012, DOI: 10.1007/978-3-642-21872-9 5)

Table 16. Environmental concentrations of PFBS in soil and sediment samples (ng/g dw)

Table 16 is missing several other studies that contain measurements of PFBS in sediments from North and
Baltic seas (Joerss et al. 2019 Sci of Total Env 686: 360-369) as well as several studies from China, although the
relevance of data from China for REACH remains questionable (Ding et al. 2018 Mar Pollut Bull 127:285-288),
Lin 2014 Environ Monit Assess 186(5):3265-75), Li et al 2017 Bull Environ Contam Toxicol 99(6):760-764).

3.2.6 Summary and discussion of environmental distribution

On p. 59, the Annex XV Report states “[P]reference for the water has been confirmed by distribution
modelling and by monitoring data, showing that PFBS is frequently found in surface water, groundwater,
drinking water, marine water, effluents from waste water treatment plans and in landfill leachate. “ This
summary should acknowledge that the presence of PFBS in various environmental media is related not only to
its environmental fate properties but also due to the presence of legacy contamination (due to PFBS being an
impurity in PFOS, which is still being produced today in China), as well as various degrees of pollution control
requirements in EU versus China.

On p.59, the Annex XV Report states “Filtration through granular activated carbon (GAC) may be useful for
removing PFASs from drinking water. Longer chain PFASs will sorb better than the shorter chain compounds.
However, short-chain PFASs such as PFBA and PFBS may pass through or reach breakthrough very quickly”.
We disagree with these statements because they are vague and they misrepresent the GAC treatment
process. Short chain PFASs can still be treated by GAC but the bed renewal frequency may need to be
increased, or the specific characteristics of the GAC may need to be modified to increase retention. In
addition, the level in water must be compared to the health based values (HBVs), MCLs or other regulatory
criteria. The Annex XV Report should acknowledge the fact that optimization of operating conditions and
selection of appropriate GAC could increase retention and that other treatment options such as ion exchange
or reverse osmosis show promise are also being investigated at larger scales.

Regarding the paragraph on p. 50 about the Ochoa-Herrer and Sierra-Alvarez (2008) study findings, we note
that the concentrations are not relevant for assessing the performance of the GAC, because the concentration
on the GAC depends on the concentration in the water, in accordance to equilibrium partitioning theory. The
Annex XV Report should report the partition coefficients to support their argument.
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We also disagree with the statement made on p. 61 about the presence of precursors which may complicate
the water treatment process. The precursors of PFBS are often molecules that are larger (either by addition of
functional groups and/or polymerization), so their absorption onto the GAC is expected to be higher than that
of PFBS. So, while it is true that precursors may behave differently, it is unclear why the authors think that
“presence of precursors may complicate the water treatment process”.

3.4.3 Occurrence of PFBS in remote areas

This section appears to go back and forth between discussing PFAS and PFBS. The transport and presence of
PFAS in remote areas is not expected to be the same as that of PFBS. The text should be refocused on PFBS. In
addition, the paragraph about the relative dominance of the two dominant transport pathways to the Arctic
(atmospheric transport of precursors and degradation vs direct transport of PFASs via ocean currents) also
needs to the acknowledge the presence of local sources in remote areas. Direct release of precursors near
military or other facilities has also been identified as a source in remote areas (Lescord et al. Environ. Sci.
Technol.2015, 49(5):2694-2702).

3.4.3.3. PFBS in remote areas — biota

Several references that were provided by 3M to the Norwegian authorities in the PBT assessment are not
included in this table: Greaves et al. (2013 Environ Toxicol Chem 32: 713-22); Llorca et al. (2012 Environ. Pollut,
163: 158-66), Eriksson et al. (2013 Environ. Sci. Pollut. Res, 20: 7940-48)

3.5.1.4 Bioaccumulation in mammals

The Numata et al. study that is described in the first paragraph of this section of the Annex XV Report (p. 75) is
problematic for several reasons. In this study, 24 pigs were fed PFAS-contaminated feed for 22 days, and then
all animals were sacrificed after a 20-hour fast. No depuration period was included. No uncertainty estimate
was provided for the reported BMF value of 1.2. Although greater than 1, it should be noted that the authors
did not measure depuration rate constants (which should have been measured) but rather used several
assumptions to model various rates and calculate a BMF. In addition, the authors only integrated the linear
fraction of the isomers and the study did not reach steady state. Further, in calculating the elimination rate,
the authors used an average of 2.5 urine samples for each animal over the 22-day feeding period plus one
extracted from bladder after sacrificing the animals. Tissue concentrations were measured only after animals
were sacrificed. The actual values measured in each compartment were not available for review and there are
no time-matched tissue and blood data. The authors presented a 95% variability range for elimination half-life
which is approximately a full order of magnitude. The steady state concentration and elimination half-life
estimates are based on the same rate constants; therefore, there may be a considerable amount of
uncertainty as to these numbers. It is felt that the reported calculated value of slightly greater than 1 has
enough potential for error associated with several aspects of its calculation that it can be considered to not be
statistically significantly different from 1. In the registration dossier, this study was given a Klimisch ranking of
3 (unreliable) because it is not possible to calculate what the true BMF value is from the information
presented in the paper.

We respectfully disagree with the conclusion from Kowalczyk et al. (2013) study, which, suggests the kinetics
of PFOA in cows were similar to those of PFBS. Based on the data provided by Kowalczyk et al. and
summarized in the table below, the kinetics of PFBS is different than PFOA.
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% of ingested dose
Plasma (mean)
(measured after 28-day feeding period)

During 28-day 4 days after Milk Liver Kidne
feeding period feeding ends y
0.013 ¢
PFBS | ~1.8+0.8 ug/L | Not detectable 0.021 0.005 £ 0.004 0.003 + < 0.001%
PFOA | ~8.614.2 ug/L Detectable 0.10+0.06 0.23+£0.02 0.036 £ 0.011

3.5.2 Persistence and mobility in relation to bioaccumulation

The model of Crooks and Fisk in Annex Il and referenced in this section is a gross simplification for the process
of bioaccumulation which is affected by many other considerations such as removal from water column,
accumulation in sediments, dilution, transfer via trophic levels in complex food web models, burial in
sediments etc. If all these processes can be sufficiently captured by the simplified model of Crookes and Fisk,
then the model should include a validation run in which the prediction should be compared to actual data of
accumulation in biota for a “persistent and bioaccumulative substance”. In addition, justifications need to be
added to the choice of parameters for PFBS and the “persistent and bioaccumulative substance”. For
example, how have the authors arrived at the expected half life of 10 years? Is it meant to consider removal of
the substance from a hypothetical system by transport of the substance as well as degradation? Why does the
“persistent and bioaccumulative substance” have a half life of only 1 year? Why was the specific BAF value in
crab used and was it for the edible tissue? The Annex XV Report should include a detailed reasoning for why
this model is considered to be suitable, including a validation run, and why the values of the model
parameters are considered to be representative of actual fate and transport behaviors.

The Annex XV Report then concludes based on this very simplistic model that “substances that have a low
bioaccumulation potential could potentially reach similar levels in biota to substances that are known to
bioaccumulate, provided that they are sufficiently persistent and mobile in the environment.” This evaluation
should acknowledge that similar concentrations of two chemicals in a system may or may not be of concern.
The level of concern depends on the chemical’s identity and hence toxic profile, the exposure pathways and
other risk assessment considerations which are already taken into account in a chemical safety assessment
report.

3.5.3.1 Measured levels of PFBS in biota (other than remote arctic regions)

With respect, the data reported in Keller et al. 2012 do not support the conclusions stated in the Annex XV
Report on p. 78 that : “Keller et al. (2012) detected PFBS in blood plasma from several species of turtles in the
US, with a concentration in the herbivorous green turtle at many times higher than the concentrations in the
other turtle species (Table 20). The concentration measured in green turtle plasma (Chelonia mydas), was at a
mean of 0.09 and a max of 0.85 ng/g ww (Keller et al., 2012),”
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Mean concentrations were < reporting limit for leatherback turtle, 0.02 ug/kg for loggerhead and Kemp's
ridley, 0.04 ug/kg for hawksbill, and 0.09 pg/kg for green turtle. However, the mean concentration was driven
by a single outlier. Median concentration for green turtle was 0.00005 pg/kg for green sea turtle, as
compared with 0.002 pg/kg for loggerhead, 0.008 pg/kg for hawksbill, and 0.18 for Kemp's ridley. Also, there
is little or no difference between species based on detection frequency.

Further, while the green sea turtle is herbivorous, it eats mostly sea grasses. Unlike terrestrial plants, in which
PFBS follows waters and translocates to leaves and shoots, from which it cannot volatilize and hence
accumulates, sea grasses do not transpire and their leaves have a thin cuticle which allows direct chemical
exchange with the surrounding water. Accumulation of PFBS above ambient levels is not expected. The
implication that the herbivorous turtle species has a greater exposure than other turtle species is not
warranted.

With regard to Lam et al. (2016) and the finding reported in the Annex XV Report that “PFBS concentrations
showed a significant increasing trend in the liver samples of dolphins from 2002 to 2014.”, it needs to be
acknowledged that the animals sampled were dolphins that had washed ashore. They were a convenience
sample, rather than selected from an organized study plan. It is difficult to draw conclusions with respect to
trends in concentration based on levels in dying dolphins where excretion may be significantly affected.

3.5.3.2 Measured half-lives and levels in humans

e ltis unclear why Zhang et al. (2013b) was cited because they did not evaluate PFBS at all.

e With respect to the statement “PFBS has been detected in human blood, lung, bone, kidney, urine, and
hair”, the referenced study was Perez et al. 2013 and it was a study evaluating autopsy tissues from 20
individuals in Catalonia, Spain for various PFAS concentrations, including PFBS. Excerpted below is
Table 1 from Perez et al. 2013, which listed mean values for PFBS at 0.9 ng/g (liver); 3.2 ng/g (bone),
BdL (below limit of detection, brain), 17.8 ng/g (lung), and 8.0 ng/g (kidney). There are numerous
issues with data interpretation and presentation. For example, the frequency of detection for PFBS in
liver is 0%, which means none of the 20 samples had detectable PFBS. It is perplexing, then, how a
mean value could be generated if none of the samples had detectable PFBS.

Table 1
Summary of PFAS concentrations (in ng/g wet weight) in 5 autopsy tissues from 20 individuals of Tarragona (Catalonia, Spain).
Liver Bone Brain Lung Kidney
Mean Median Range  MLOD % of detection Mean Median Range MLOD % of detection Mean Median Range MLOD % of detection Mean Median Range MLOD % of detection Mean Median Range  MLOD % of detection

PFBA 129 30 128-Bdl. 6.00 10 Bdl. - - 003 0 135 14 137-Bdl. 271 25 3042807 4138-BdL 001 95 464 263  4026-BdL 0.01 95
PFPeA 14 Bdl. _ 27.1-BdL.0.001 5 08 08 08-Bdl. 151 0 Bdl. - - 059 0 445 408 695-Bdl. 6.006 74 Bdl. - - 0.006 5
PFBS 09 0.7 1.5-Bdl. 1.39 0 ] 32 24 17.8-Bdl 1441 5 Bdl. - - 096 0 178 1.1 9.7-Bdl 210 47 80 17 80.4-Bdl 3.40 5
PFHXA 115 683 353-Bdl. 273 70 356 15 230-Bdl. 0.001 30 180 141 486-101 072 100 50.1 207 569-Bdl. 942 89 56 27 57.1-BdL 537 25
FHEA 926 167 289-Bdl. 440 45 425 20 494-Bdl. 352 25 186 2.0 93.1-Bdl. 400 25 24 39 3.9-Bdl 554 0 237 14 153-BdlL 285 5
PFHpA 333 15 638-Bdl. 3.00 5 771 24 309-Bdl. 289 45 Bdl. - - 270 0 174 15 245-Bdl. 300 37 78 26 94.3-BdL 526 95
PFHxS 46 18 20.6-Bdl.3.00 10 1.8 12 13.8-Bdl. 240 5 32 23 144-Bdl. 454 5 81 57 47.6-Bdl. 330 32 208 18 37-Bdl. 420 5
PFOA 136 4.0 98.9-Bdl. 3.00 45 602 209 234-Bdl. 3.00 55 Bdl. - - 240 O 292 121 879-Bdl. 600 42 20 15 11.9-BdL 3.00 95
PFOS 102 419 405-Bd. 3.00 90 Bdl. - - 300 0 49 19 225-Bdl. 300 20 29.1 284 61.8-Bdl. 300 89 756 55 269-BdlL 6.00 45
PFNA 13 1.0 6.6-Bdl. 199 0 Bdl. - - 418 0 29.7 135 150-Bdl. 327 55 153 35 126-Bdl. 713 11 283 109 128-Bdl. 404 0
FOEA 28 28 2.8-Bdl. 5.67 0 36 16 357-Bdl. 320 5 Bdl - 880 0O 132 49 87-Bdl 560 21 Bdl. - 355 0
PFODA 25 15 6.5-Bdl. 3.00 0 Bdl. - - 600 0 Bdl. - - 201 0 Bdl - - 291 0 Bdl. - - 001 0
PFDA Bdl. - - 0001 © Bdl. - - 030 o0 234 124 204-Bdl. 294 70 171 15 108-Bdl. 2973 32 62 Bdl. 90.2-BdL 0.001 10
PFOSA Bdl. - = 2.60 0 Bdl. - - 204 0 Bdl. - - 204 0 Bdl - - 1016 0 Bdl. - - 378 0
PFDS Bdl. - - 0001 5 1.7 15 57Bd. 297 0 03 BdL 14Bdl. 000 25 31 06 9-BdlL 1200 37 49 BdlL 21-Bdl.  0.001 25
PFUdA Bdl. - - 0003 0 Bdl. - - 030 0 Bdl. - - 1800 0 28 14 20.4-Bdl. 2700 11 71 15 55.4-Bdl. 3.00 10
FDEA 37 07 593-Bdl. 3.00 5 Bdl. - - 030 0 Bdl. - - 291 o Bdl - - 001 0 Bdl. - - 9.01 0
PFDoA 24 15 202-Bd. 145 5 166 5.1 169-Bdl. 098 70 132 15 102-Bdl. 132 25 20.7 BdL 253-Bdl. 476 11 147 45 91.4-Bdl 230 15
PFIrDA 2.1 BdL 32-Bdl. 0.001 10 158 03 311-Bdl. 060 5 29 14 167-Bdl. 288 10 138.6 6.9 1582-Bdl. 2970 42 Bdl. - - 600 0
PFTeDA Bdl. - 0001 0 Bdl. - - 0.001 5 248 14 3357-Bdl. 285 30 98 15 82.8-Bdl. 291016 62 308 Bdl 0.002 25
PFHXDA Bdl. - - 300 0 166 2.9 171.8-29 585 10 Bdl. - - 29 0 85 15 80.2-Bdl. 295 16 Bdl. - - 0.01 0

MLOD: Method Limit of Detection. Bdl.: Below limit of detection.

3.5.4 Summary of bioaccumulation
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3.6.

With respect to the statement about BAF values measured from field studies (fish BCF of 69 and crab
BAF of 110), we note that Franklin (Integr Environ Assess Manag. 2016 Jan;12(1):6-20) reviewed then-
available field studies on BMF and TMF and concluded that well-controlled laboratory studies would
provide more reliable data to evaluate bioaccumulation potential for perfluoroalkyl substances. Some
key factors in creating uncertainty in field-derived measurement of BCF were failure to actually achieve
the steady state concentrations that are implicitly assumed, poorly understood or misinterpreted
feeding ecology, dependence of biota concentration on sex, age, and other ecological and biological
variables, and exposure through metabolism of precursor compounds. This holds true in this particular
field study, in that a BAF of 69 for fish was reported in the same field study, while controlled laboratory
studies indicate that accumulation, even in feeding studies, is substantially lower. The key values for
determining bioconcentration should therefore be derived from laboratory studies.

In addition, the statement that “substances with a low bioaccumulation potential could potentially
reach similar levels in biotas substances that are known to bioaccumulate, provided that they are
sufficiently persistent and mobile in the environment and when considered a longer time-scale” lacks
guantitative evidence (which “substances that are known to bioaccumulate” are the authors thinking
about? What is considered sufficiently persistent and what is a longer timescale?) and disregards the
fact that levels in biota may or may not be a concern depending on the specific chemical, its toxicity to
biota and humans and associated exposure pathways. As a result, the possibility that two chemicals
may reach similar levels of in biota could pose very different risks and does not it itself constitute a
hazard. Lastly, this type of behavior has not been experimentally demonstrated to be true (as mention
in previous comments, there is no validation run, and no justification given to the values used in the
model for half life, BCF values).

We also disagree with the conclusion derived based on half-life in pigs. As noted earlier, the Numata
pig study was problematic, and did not actually include a depuration period that would have allowed a
measurement of the true elimination half-life. The statement on the variability being large enough to
overlap PFOA is misleading and an attempt to create an association with substances that are of current
public concern. One may as easily talk about overlap on the lower end of the estimated elimination
range of PFBS.

Protein binding

ECHA should recognize that protein binding potential does not equate to toxicity. Compound binding to blood
proteins is a normal physiological phenomenon. Many hormones, vitamins, essential electrolytes, as well as
medicine all have high affinities to (blood) protein binding in order for the body to function properly.

The overall potency for PFBS for activating PPARa has been misinterpreted pertaining to the study by
Rosenmai et al. (2018) using HepG2 cells to evaluate in vitro PPARa activation.

The positive control (WY-14,643) was included in the study but the corresponding data were never
discussed by the study authors. This technical omission hindered the overall interpretation.

Many other studies have shown that PFOS can induce PPARa activation, both in vitro (via cell cultures)
and in vivo (via tissues isolated from animals). It is unclear why Rosenmai et al. did not see any
activation for PFOS in their study.
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e While Rosenmai et al. expressed their data incorporating cellular concentration for the compounds,
the cellular concentration and % uptake were based on “pooled” samples from three wells and no
distribution variation can be assessed. These values shown in Table 1 of the article cannot and should
not be taken as reliable nor as true values.

e ltisincorrect to state that “short chain PFBS for activating PPARa may be comparable to, or even
higher than, its longer counterparts (PFHxS and PFOS)”. In Figure 2A of Rosenmai et al. where protein
normalized cellular concentrations were reported, it is clear that the concentration for PFBS is always
higher than PFOS.

e Just looking at the PFBS alone on Figure 2A and 2B, it should be noted that regardless of the
concentrations tested (10, 30, or 100 uM), there was no dose-response to speak of in terms of PPARa
activation. The same observation was true for PFHxS and PFOS.

It is unclear what the relevance is when PFBS has lower potency than T4 (tetra-iodothyronine) to bind TTR
(transthyretin) binding protein.

PFBS has low protein binding affinity, low degree of toxicity in animals, and rapid serum elimination half-lives
in animals and humans. Collectively, these data do not support the conclusion that “the ability to bind to
proteins affects tissue distribution / accumulation and may be of toxicological significance.”

3.8 Temporal trends and comparison with other PFASs

The information provided in this section doesn’t support the conclusions made that PFBS levels are increasing.
The information is also incomplete. Several studies are noted below that have not been considered by the
Annex XV Report.

First, the expectation that “as PFOS use has declined, the PFBS emissions have increased” assumes the same
emissions pattern for PFBS as for PFOS as well as same fate and transport characteristic which we know are
not the same. In addition the Annex XV Report states that “several studies have reported that PFBS
environmental concentrations are increasing with time, and other recent studies have reported PFBS to be the
dominant PFAS present in monitoring studies”, but as noted in the paragraphs below, some studies have
found opposite trends (levels of PFBS decreased after PFOS phase out). PFBS is more water soluble than many
other PFAS, so its dominance over other PFAS in certain media could simply be explained by its tendency to be
less retained to organic carbon (either in treatment systems or soil/sediments). In addition, the PFBS analyte
was only added to PFAS compound target list in recent years, so perceived trends of increased levels of PFBS
could also be due to just sampling bias.

Second, in the paragraph on presence of PFBS in water, the analysis should acknowledge the fact that PFBS is
more soluble so it would be expected to become dominant PFAS in water samples. In addition, certain studies
have found decreases in PFBS levels with time. For example, Joerss et al. (2019 et al. 2019 Sci of Total Env 686:
360-369) compared levels of PFBS in 2007 and 2017 in the waters of German Bight and the Baltic Sea and
found a pronounced decrease in PFBS concentrations in surface waters of German Bight which was attributed
to PFOS phaseout. In the same study, a decrease was also noted for the Baltic Sea surface water, though less
pronounced.

19





Third, the relevance of the paragraph on WWTP and Landfills to this section is unclear as it doesn’t present
temporal evidence with respect of PFBS in WWTP and/or landfills. In addition, temporal data is available in the
literature which is not considered in the Annex XV Report. In a recently published study, Nguyen et al.
(Emerging Contaminants, 2019, 5:211-218) measured levels of various PFAS in the influent of two large WWTP
in Australia between 2014 and 2017. The authors observed decreasing trends for PFBS and PFOS
concentrations at both plants over the duration of the study.

Forth, the paragraph on human blood measurements doesn’t consider all available data sets. The Annex XV
Report doesn’t take into account the monitoring data collected by Center for Diseases and Control (CDC) with
its National Health and Nutrition Examination Survey (NHANES) since 2000 which is discussed elsewhere in
this document. In addition, as cited in Land et al. (Environ Evid. 2018 7:4), a study by Haug et al. 2009
measured PFBS levels in male serum samples from Norwegian males between 1977 and 2006 and observed a
decreasing trend. PFBS levels were present in most samples at low levels (0.06— 0.18 ng/mL) until 2001 when
concentrations fell below detection limits for all subsequent samples (i.e. < 0.050). In their analysis of this data
set, Land et al. conclude that “[a]lthough not statistically significant, the onset of this apparent decline
corresponds with the phase-out of perfluorooctanesulfonyl chemistries, suggesting that the low levels of PFBS
(pre 2001) may be due to the presence of residual PFBS in PFOS-containing products. “

The systematic review of Land et al. (Environ Evid. 2018 7:4) also discusses the Glynn et al. data set and points
out that a follow up paper by Gebbink et al. in 2011 in the same samples showed no significant trend for PFBS.
In their systematic review and independent evaluation of the Glynn et al. data, Land et al. (Environ Evid. 2018
7:4) do conclude that the Glynn data indicate a “change point in 1998, when concentrations increased ten fold
in the subsequent 12 years” and that the cause was likely contamination of drinking water by firefighting
foam. The authors also conclude that the detections of PFBS in the drinking water means that the human PFBS
data from this data set “are not likely representative of other geographic locations”.

Fifth, with respect to biota, the same systematic review of Land et al. (Environ Evid. 2018 7:4) mentioned
above also looked at available datasets for biota. Working on request from the Swedish Chemical Agency, the
authors used a systematic approach for searching, reviewing and identifying datasets that would be suitable
for trend analysis in order to understand whether levels of PFBS and other short chain PFAS have been
increasing and if such trends are local or global. For biota, Land et al. (Environ Evid. 2018 7:4) identified six
data sets for PFBS trend analysis, out of which one showed significantly declining trends (grey seal [Kratzer et
al. 2011]), and the other five showed insignificant trends (northern fulmar [Braune and Letcher 2013], thick-
billed murre [Braune and Letcher 2013], herring [Ullah et al. 2014], loggerhead sea turtle [O’Connell et al.
2010], harbor seal [Ahrens et al. 2009]). Full citations for each article can be found in Land et al. (Environ
Evid. 2018 7:4). As it can be seen, none of these studies have been considered in the SVHC Proposal and the
data contained in them clearly do not support the conclusion that there is a “clear tendency of increase of
these concentration.”

Lastly, we disagree with the conclusion stated at the end of this section that “recent studies indicated that
PFBS is one of the PFASs that show increasing concentration in various environmental media, including in
water and in biota” because it is not supported by data presented in this section or available in the literature.
Most of the datasets presented in this section are not temporal —they do not contain measurements of
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concentrations over time. This applies to all the data presented in the water, drinking water, WWTP and
Landfills. There is only one study which contains indications of temporal changes in the source zone section;
however the noted increase in the groundwater from beneath a manufacturing plant in China is related to a
point source in a country with different pollution control regulation than the EU. In addition, for humans and
biota as noted above, there is additional information available in the literature that is not accounted for in this
analysis and does not support the conclusion that PFBS concentrations are increasing. We believe a more
accurate conclusion would be that the frequency of PFBS measurements in environmental media has
increased in recent years but there are not yet sufficient data to determine if levels are increasing.

There is also not enough quantitative evidence to support the claim made that “If PFBS emissions continue to
increase, it follows that concentrations in environmental media would increase even further.” In order for the
concentrations in media to increase, the emissions flux would need to be of such magnitude to lead to a
measurable increase in the concentrations in environmental media. However, this is not at all addressed in
this SVHC Proposal and constitutes a significant gap.

Comments on Human Health Assessment:

Specific Comments (Section by Section)

4.1.3. Summary (for Toxicokinetics)

If PFBS does indeed have a moderate potential to bioaccumulate, as suggested in the Annex XV Report, then
one would expect to see PFBS present in the general population throughout the years since its introduction in
early 2000's.

The CDC NHANES has been monitoring the concentration for PFBS in the blood of the general population in
the United States since 2003, with approximately 2000 people per sampling cycle. There are 6 surveys
conducted by NHANES that measured for PFBS (year 2003-2004; 2005-2006; 2007-2008; 2009-2010; 2011-
2012; and 2013-2014). For every survey period, the geometric mean for PFBS was all below the limit of
detection in the US general population, and so were the upper 95 percentile from 2007-2008 samples and
on. As a matter of fact, in its latest 2015 - 2016 cycle, NHANES has stopped measuring for PFBS, presumably
due to the fact that it cannot be found in the general population in the last decade.

Therefore, we respectfully disagree with the statement that “the available information indicates a moderate
bioaccumulation potential.”

4.3.1. Summary (for Levels of PFBS in humans)

In Table 28 of the Annex XV Report, several studies have been cited as evidence of human exposure to PFBS.
As acknowledged in the Annex XV Report, the PFBS level is often below the limit of quantification. This fact is
consistent with the low degree of bioaccumulation potential for PFBS in humans.
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Although the Annex XV Report did indicate that increased exposure to PFBS can occur via occupation or via
contaminated source, and that “it has been demonstrated that elevated exposure to PFBS leads to elevated
blood concentrations”, this statement does not apply to general population and should be emphasized with
condition qualifier.

4.4.1.2. In vivo data: oral

Increased Liver Weight Is Not Adverse

Increased liver weight without microscopic or clinical evidence of overt liver toxicity is inappropriate as an
adverse outcome for human health risk assessment. In addition, a strong case can be made that liver
enlargement in rodent models from exposure to PFAS overestimates potential human liver response.
Moreover, data to date, in particular from humans that were exposed to relatively high concentrations of
PFBS, does not demonstrate liver toxicity. The Annex XV Report needs to consider the following points:

e Based on USEPA guidance documents and the general consensus of the scientific community, the
USEPA should not consider PFBS-induced liver weight increase as an adverse effect in the absence of
histological or biochemical evidence of a toxic effect in the liver.

e The Annex XV Report should consider the many studies that have examined the mechanism(s) by
which PFAS influences the liver. This includes studies performed with human primary hepatocytes and
humanized transgenic mice. These studies are important because they have shown the lack of PFAS-
induced hepatic responses, or a markedly reduced hepatic response in human models compared to
rodent models (Bjork and Wallace 2009 Toxicol Sci 111 89-99; Wolf et al. 2008 Tox Sci 106 162-171).

In general, liver enlargement has not been used as the sole critical endpoint for risk assessment. In a recent
query of the USEPA IRIS database, of 550 chemical substances covered, only 12 (2%) listed liver weight as the
sole critical effect forming the basis for the RfD/RfC. In fact, agencies such as USEPA has an internal guideline
in place since 2002 provide a framework for evaluation of hepatocellular hypertrophy as indicative of an
adaptive, non-toxic effect as opposed to an adverse, or toxic effect. As noted in the [Health Effects Division]
Guidance Document # G2002.01 on Hepatocellular Hypertrophy (USEPA, 2002), liver hypertrophy does not
necessarily represent liver toxicity, nor is it necessarily a precursor to a particular manifestation of toxicity.
Guidance Document # G2002.01 suggests a weight-of-evidence approach that includes evaluation of other
findings, such as: 1) type and severity of observed effects; 2) onset, duration, and progression of effects; 3)
study method and design; and, 4) other relevant effects and data. This guidance states that liver size or
weight changes may be “indicative of adaptation which, by itself, is not necessarily adverse.” In the absence
of microscopic evidence of liver injury or change, at least two liver-related clinical chemistry parameters
should be elevated with clinical significance (“at least 2-fold to 3-fold greater than control levels”) before liver
weight changes are ascribed to toxicity. The USEPA guidance specifically defines the NOAEL as “a dose which
elicits either no response or only adaptive, non-adverse responses (e.g., hepatocellular hypertrophy [liver
weight changes] alone).” The LOAEL is defined as a “dose which elicits adverse effects (e.g., hepatocellular
hypertrophy in addition to other evidence of liver toxicity).”
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Additional guidance documents or articles similar to USEPA HED Guidance Document # G2002.01 have existed
for many years. More recently, in 2012, the European Society of Toxicologic Pathology (ESTP) published the
conclusions from the 3rd International ESTP Expert Workshop. This workshop was convened to “define more
clearly when adaptive responses become adverse, and understand the long-term consequences of
hepatocellular hypertrophy in order to guide scientific opinion for risk assessment in man...” (Hall et al.,
2012). Hall et al. provide an updated perspective on the consideration of liver hypertrophy as an adaptive
versus adverse change which includes a thorough discussion of mechanistic, clinical, microscopic, and
epidemiological evidence that allows for more certain interpretation of hepatic hypertrophic changes
observed in experimental studies in the context of human health risk assessment. The conclusion of the
expert group with respect to liver hypertrophy as a result of enzyme induction was as follows (Hall et al.,
2012):

The general opinion of the group was that liver weight increase through hepatocyte enzyme induction,
in the absence of histopathologically demonstrated degenerative or necrotic changes and without
significant changes in hepatic derived plasma enzymes, would not be considered adverse and would
have little relevance to man in terms of risk assessment and the development of liver tumors.

Therefore, the use of rodent liver weight is inconsistent with the guidelines and published expert opinions on
the distinction between liver hypertrophy as a non-adverse adaptive change and other endpoints representing
liver toxicity.

Kidney effect was due to rapid elimination of high PFBS doses

The renal hyperplasia effects reported in the repeated oral toxicity studies in rats are believed to be due to a
response to the high concentrations of PFBS in the kidney due to rapid elimination of high administered doses
at 300 mg/kg/day (2-generation study) or 600 mg/kg/day (90-day study) in rats. It was worth noting that the
renal markers (such as BUN and CREAT) were normal for the 90-day repeated dose study in rats.

PFBS does not increase serum lipid - it has a minimal effect on lipid-lowering

PFBS has been carefully evaluated, mechanistically, for its effect in lipid metabolism by Bijland et al. (2011)
using a humanized ApoE*3.Leiden.CETP transgenic mouse model which expresses human-like lipoprotein
profile. Unlike longer-chain perfluoroalkyl sulfonates (PFHxS and PFOS) that markedly reduced plasma
triglycerides, non-HDL-cholesterol, and HDL-cholesterol in this animal model, PFBS modestly reduced plasma
triglycerides only. Unlike PFHXS and PFOS, PFBS did not affect lipid metabolism-related gene expressions in
the liver. This functional evaluation of in vivo lipid metabolism provides an insight to the (minimal)
hypolipidemic effect by PFBS.
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4.11.3 Summary (for Other effects: Endocrine disruption)

It is incorrect for the Annex XV Report to conclude that “there is sufficient evidence from different in vivo
studies that the substance [PFBS] has the potential to perturb the hypothalamic-pituitary-thyroid axis as the
findings seem to be consistent”.

The findings that the Annex XV Report referred to were:

e Transient increase in the number of pups with > 6 days of diestrus cycle at 100 mg/kg/day from the 2-
generation study with PFBS in Sprague Dawley rats (Lieder et al. 2009).

e Reduction in T3, T4, and free T4 in Sprague Dawley rats after 28 days of repeated oral doses (NTP,
2019)

e Hypothyroxinemia, deficits in perinatal growth and pubertal onset, and effects in reproductive organ
development in female pups obtained from dams that were exposed to PBFS during gestation only
(Feng et al. 2017).

3M does not agree that a transient increase in the number of F1 female pups with > 6 days of diestrus cycle
is indicative of endocrine disruption:

Albeit the change was statistically significant, it was not considered PFBS treatment-related because
they were not dose dependent and it has no effect on fertility or mating for the F1 pups to successfully
produce F2 pups.

3M does not agree functional aspects of thyroid functions have been comprised based on the 28-day study
by NTP:

The NTP 28-day rat study reported decreased total T4, total T3, and free T4 in serum at the end of 28 days
dosing, however, these three endpoints alone did not provide adequate (clinical) evidence to suggest that
thyroid was being affected.

Specifically, thyroid histology should be included in any determination of thyroid status in rodents when
terminal sacrifice is part of the study protocol because “in the rodent, thyroid gland histopathology is a
more sensitive indicator of thyroid status than T3 or T4 serum hormone values.” (see NTP-sponsored
Thyroid Toxicant Workshop on chemical-induced thyroid dysfunction in experimental animals and its
relevance to humans on reproductive and developmental effects: Jahnke et al. 2004, Environ Health
Perspect 112 363-368). The Annex XV Report does not explicitly recognize that thyroid histology is
considered the “gold standard” for determining thyroid status; nor did it recognize that serum TSH is the
primary diagnostic indicator for serum thyroid hormone status (Oppenheimer et al 1995 Mol Endo Bas
Conc Clin Corr 249-268). Among the toxicological studies cited by the Annex XV Report, thyroid histology
and serum TSH were normal in the studies when thyroid pathology and/or serum TSH data were available.
Serum TSH values were normal without dose-response in each of these studies when performed.

Furthermore, the Annex XV Report does not sufficiently recognize the sensitivity of the assays used to
measure serum thyroid hormones to the presence of compounds that can interfere and compete with
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thyroxine for protein bindings. In such situations, this interference can negatively bias the free T4 results
when conventional analog methods are used. This is in fact the case with PFBS and other PFAS such as
perfluorobutanoate and perfluorooctane sulfonate (Chang et al. 2007 Toxicology 234 21-33; Weiss et al.
2009 Toxicol Sci 109 206-216; Butenhoff et al. 2012 Reprod Toxicol 33 513-530). Therefore, the
workaround is to measure free T4 by equilibrium dialysis-based methods. This was not done in the thyroid
assessment studies relied upon by the Annex XV Report, nor did the Annex XV Report recognize this very
important issue with PFBS. This is an important technical fact with high dose PFAS studies and in NTP’s
report, they actually acknowledged this technical omission.

Furthermore, total T4 is an assay that represents primarily biologically inactive T4. Thus, the total T4 and
the analog free T4 do not provide sufficient or definite answers as to thyroid effects. Because of the
resulting questionable confidence in the analog assays, thyroid histology should be used as the gold
standard to determine whether there was a thyroid effect. The thyroid histology was normal as reported
in the NTP study, as well as in both 28-day (3M 2001) and 90-day studies (Lieder et al. 2009a). Although
terminal sacrifices were done, no thyroid histology was reported by Feng et al. (2017).

Therefore, given that there were normal TSH levels (primary diagnostic indicator for thyroid hormone
status) and normal thyroid histology in these same rats (where decreased serum total T4, total T3, and
free T4 were reported as measured by analog method only), this suggested that overall thyroid hormone
status in these rats was normal. Based on the criteria for overall evidence integration judgments to
support a hazard based on animal data, they do not lead to a conclusion that the collective thyroid data
supports a hazard for a thyroid effect.

The following studies support this position:

o PFBS at higher concentrations, similar to its eight-carbon congener PFOS, is likely capable of
displacing T4 from binding proteins (Chang et al. 2007 Toxicology 234 21-33; Weiss et al. 2009
Toxicol Sci 109 206-216).

o With increased hepatic hypertrophy reported in the rats from the NTP study (due to activation of
peroxisome proliferation, reported by NTP as increased acetyl CoA activities), it also suggested that
there was enhanced hepatic metabolism, which is commonly observed in rodents upon peroxisome
proliferation (Corton et al. 2014 Crit Rev Toxicol 44 1-49). As a result, the increased hepatic
metabolism would result in enhanced excretion of displaced thyroid hormones, which likely explain
why there were alterations in total T4 and total T3.

o Total T4 and total T3 measurements are measurements of largely (> 99.5%) inactive thyroid
hormones and they alone do not represent functional aspects of the thyroid (Oppenheimer et al
1995 Mol Endo Bas Conc Clin Corr 249-268).

o As acknowledged by NTP, analog assay was used to measure free T4 and that binding displacement
(by PFBS) likely contributed to a negative bias in the measurement (of free T4). The bias is
commonly observed with compounds that can compete with thyroxine for protein binding and it
can be avoided when an equilibrium dialysis-based free T4 method is used (Ekins 1983 Lancet 322
402-403).
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o Again, it is important to recognize that total T3 and total T4 measured in the blood represent
mostly the biologically inactive fractions of thyroid hormones (Oppenheimer et al 1995 Mol Endo
Bas Conc Clin Corr 249-268) and they alone do not represent the functional aspect of the thyroid.

o As explained in detail above with increased liver hypertrophy in conjunction with thyroid hormone
displacement, PFBS likely can compete with T4 for protein binding in serum (similar to its congener,
PFOS, as reported in Chang et al. 2007 Toxicology 234 21-33; Weiss et al. 2009 Toxicol Sci 109 206-
216). Therefore, decreased total T4 and T3 likely reflected increased liver-mediated metabolism of
the thyroid hormones that had been displaced.

o Furthermore, because of the binding competition, when measuring for free T4 (the biologically
active fraction of T4) in the presence of high PFBS concentration, equilibrium dialysis-based
measurement for free T4 is required. If conventional analog assays were used instead of
equilibrium dialysis, most likely the case with NTP data (2018; 2011), it would result in an artificially
lowered value (negative bias) for free T4 due to binding interference. It behooves ECHA to clarify
with NTP whether an analog or an equilibrium dialysis method was used to measure free T4.

o Most importantly, when examining the thyroid-related parameters, the gold standard is thyroid
histology (which is obviously more challenging to do so in humans) and serum TSH (Jahnke et al.
2004, Environ Health Perspect 112 363-368). It should be emphasized that NTP reported normal
thyroid histology and TSH levels. This is a very important observation, indicating that the overall
thyroid hormone balance was being maintained with the NTP study, as reflected by normal TSH
(primary diagnostic indicator for thyroid hormone status) and normal thyroid histopathology.

3M does not agree with the data interpretation for the hypothyroxinemia, deficits in perinatal growth and
pubertal onset, and effects in reproductive organ development effects in female pups in mice:

Like the NTP 28-day study, the mouse developmental study (identified as Feng et al. 2017 in the Annex XV
Report) reported decreased total T4, decreased total T3, and normal TSH in serum at birth for female
pups. Again, total T4 and total T3 alone did not provide adequate (clinical) evidence to suggest that
thyroid was being affected, especially when TSH, the primary diagnostic indicator for thyroid hormone
status was normal. Feng et al. did not provide the following information to allow a full interpretation of
thyroid status:

o Albeit the pups were necropsied, no thyroid histology was reported.

o There were no TRH mRNA or serum FT4 measured in offspring (these were done for dams).

The observations on the developmental endpoints reported by Feng et al. (2017) were very different than
those reported by Lieder et al. (2009b). Technical observations included:

o Effects reported by Feng et al. lacked dose-responses; the effects from 200 mg/kg-d were usually
similar in magnitude to 500 mg/kg-d.

o The study design and PFBS dosing regimen by Lieder et al. (2-generation in rats) was more rigorous
than Feng et al. (gestational only in mice) in terms of treatment duration, doses, as well as direct
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treatments to developing fetuses and pups during sensitive life stages, see Table 4 below for
comparison.

Lieder et al. 2009 Feng et al. 2017
Species Sprague Dawley rats ICR mice
Test guideline OECD 416 / OPPTS 870.3800 (2-gen) Mone
GLP Yes No
Daily doses 30, 100, 300, 1000 30, 200, 500
Pre-mating, males Yes, 70 days Mo
Daily K*PFBS Pre-mating, females Yes, 70 days No
treatments P-generation
(direct Gestation, dams Yes Yes
gavage) Lactation, dams Yes Mo
Fl-generatlon_ pups Weaning and on Yes, = 70 days Mo
(before mating)

o It was not clear why Feng et al. did not include male offspring in their evaluation.

o The female mouse offspring in the Feng et al. study were not directly dosed with K*PFBS, however, the
reported myriad of adverse developmental outcomes occurred in these female mouse pups (e.g.,
reduced body weight and changes in reproductive organ morphology). In contrast, female rat offspring
(from Lieder et al. 2009b) were not only exposed to PFBS during gestation and lactation, they were also
directly dosed with PFBS (at higher dose levels than the Feng et al. study) after weaning and into their
adulthood. There were no developmental effects noted in the female rat pups in Lieder et al. study.

o Regarding the alterations in ovary and uterus-related data, as reported by Feng et al., there were
several technical details not provided by the study authors which precluded a meaningful
interpretation of the data. They include:

o Evaluation was reported for female pups at PND 60 only, not on PND 30; and not for dams (who
were directly dosed with PFBS).

o “Impaired” development reported by Feng et al. was based on decreased surface area (on
microscopic slides) and limited morphological measurements. Surface area can be also
attributed from different sectioning location (of the tissue). Feng et al. did not address how this
was controlled among different animals. In addition, Feng et al. only provided relative organ-
to-body weight data - there were no absolute organ weight data for the readers to interpret.
Organ-to-brain weight data were not presented either.

o Feng et al. did not take body weight into consideration when interpreting estrous cycle data
which is unfortunate because they are related (Bermejo-Alvarez et al. 2012, Hum Reprod 27
3513-3522).

o InFengetal. (2017), albeit there were changes in female reproductive organ morphology,
functional aspects of reproduction appeared not to be affected according to study authors (i.e.,
maternal body weight, maternal body weight-gain, and various pregnancy outcomes).
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4.12. Summary and discussion of human exposure and health hazard assessment

3M does not agree with the following statement:

PFBS in the environment and documented uptake and distribution in the human body, continuous
exposure through drinking water, food as well as dust may cause higher levels in the blood, leading to
unforeseen and unwanted health challenges. In addition, the combinatorial effect when exposed to a
mixture of PFASs is of concern. The co-exposure of PFBS and other very persistent fluorochemicals
present in the environment may lead to a combination of effects on human health.

Again, as alluded earlier, if PFBS does indeed have a moderate potential to bioaccumulate, as suggested in the
Annex XV Report, then one would expect to see PFBS present in the general population throughout the years
since its introduction in early 2000’s. This is not the case per more than 10 years of biomonitoring data
administered by CDC NHANES. As a matter of fact, CDC NHAES has stopped measuring for PFBS, presumably
due to the fact that it cannot be found in the general population in the last decade. Therefore, we respectfully
disagree with the position stated in the Annex XV Report.
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Comments on Environmental Hazard Assessment:

3M has reviewed the Annex XV Report section on environmental hazard. The majority of the information used
to support a conclusion of environmental concern for PFBS is derived from a series of studies published by
Chen et al. in 2018 and 2019 using the marine medaka (Oryzias melastigma). With due respect, it is our
opinion that these studies used flawed methods that are not in keeping with the principle of scientific
excellence. All of the available studies, including a recently available preprint (Chen et al. 2019b, doi:
10.1021/acs.est.9b03865), follow the same method for fish rearing, and all report the same measured
exposure concentrations of 1.0 pg/L, 2.9 pg/L, and 9.5 pg/L for nominal concentrations of 1, 3, and 10 pg/L. In
all cases, fish were described as attaining sexual maturity at six months, although this species is known to have
a generation time of 2-3 months (as is also the case for O. latipes). The delayed sexual maturation indicates
severe stress on the fish, perhaps due to rearing conditions. The methods indicate considerable crowding,
especially during early life stages. In these studies, 150 larvae were hatched in 100 mL (1500 per liter), with
transfer to 4 L media at ca. 4 wpf (38 fish per liter), and 20L (8 fish per liter) at ca. 9 wpf until sacrifice or
breeding at six months. Brood pairing, when done, was only done during specific spawning periods at the end
of exposure. In contrast, the OECD 240 Guideline for the MEOGRT describes rearing 120 larvae *per liter*
until 4 wpf, transfer to tanks with 5 fish per liter until 8wpf, with breeding pairs then having 2-L tanks for each
pair. Separation into breeding pairs is necessary to avoid needless stress on males due to competition for
mates, and stress on females due to mating pressure by males. Further, all tests used DMSO as a carrier
solvent (albeit at < 0.001% v/v), despite the fact that PFBS is highly soluble in water and an aqueous stock
solution could easily have been made. DMSO is known to increase heat-shock protein expression in fish at 500
ppm, and its effects on already-stressed fish cannot be determined. The delayed development indicates that
caution should be observed in interpretation of experimental results. However, in these studies results are
frequently interpreted in ways not well supported by the data.

An example of this tendency to overinterpretation is provided by a recent prepublication by Chen et al.
(2019b), which examined DNA methylation with comparison to swimming behavior in larvae of exposed
parents. In this study, significant increase in locomotor activity was demonstrated by fish larva with parent
crosses of (control females x 3 ug/L PFBS exposed males (p<0.001) and control females x 10 ug/L PFBS exposed
males (p<0.05). However, the activities of offspring of females crossed with males at the same exposure
concentrations (1 ug/L MxF, 3ug/L MxF, and 10 ug/L MxF) were not significantly different from the controls
and did not demonstrate elevated locomotor activity. A similar lack of effect was observed in offspring of
exposed females with control males. The results described above would indicate that PFBS exposed females
have a protective effect of locomotor activity in larvae. If the results found in this paper are indicative of a real
effect, it is likely that males and females in a contaminated area will produce larva that will not have altered
swimming patterns, based on the co-exposure of both parents. The choice of larvae, rather than adult fish, is
not standard practice in mobility studies. As this study was not conducted on juvenile nor adult fish, it is
difficult to determine any long-term effects this increase in locomotor activity could have on the growth,
survival, and reproductive potential of the fish. Thus, we must question if this is an impactful effect or if it
would even occur in an environmental scenario. Finally, the duration of this test is not specified, only that the
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behavior was examined daily at 15:00. Based on this, we do not know the age of the fish at the conclusion of
the study. It is possible, based on how the methods are explained, that each replicate was only observed once.
Clarification on methods was attempted but could not be determined as the paper for which the methods
cited as “previously described”, did not contain said methods. Despite these difficulties, the effect on
locomotion was accepted by the authors as a biologically significant, sex-related effect and was explained as
an effect of altered DNA methylation, which tends to follow the paternal template during embryogenesis.
Accordingly, DNA was extracted from parental testes at all exposure level and from larvae for all crosses. Tree
analysis of differential DNA methylation in parental testes and in offspring showed that all testes, *including
control testes,* clustered together, and that paternal-only exposures clustered with all testes at the medium
and high levels. When specific promoter regions were analyzed, paternal testes showed a statistically
significant reduction in proteasome promoter methylation, while paternal-only exposed larvae did not show
this effect and instead showed a different and unrelated set of methylation changes for each exposure level.
No pattern in specific promoter methylation was observed with dose and no correlation was found with those
found in paternal testes.

It is difficult to conclude from the aforementioned data that a specific, heritable impact on methylation was
observed, or a real impact on locomotion in larvae had occurred. Nevertheless, the authors drew both
conclusions and went on to establish a correspondence between the two. This pattern of excessive
interpretation is common among the Chen el al. studies.

Specific responses:

Section 5. Environmental Hazard Assessment
Section 5.1.1.1. Short term toxicity to fish:

*(p.123) The Annex XV Report cites two studies reported in the dossier as well as four from the published
literature. It should be noted that Hagenaars et al (2011), Ulhaq et al (2013a) and Ulhaq et al (2013b) were
included in the dossier as long-term studies because the OECD 236 method was extended for a longer
exposure duration and included developmental endpoints.

(p.124) “..Exposure to PFBS was positively correlated with active swimming speed and negatively correlated to
all the other endpoints. This indicates that PFBS can cause disturbances in zebrafish behavior that might imply
ecological consequences for wild fish.”

J It should be noted that effects in Ulhag et al (2013b) were observed at 1000 mg/L levels. Such
concentrations are not relevant for environmental exposures and are not indicative of a substantial hazard.

(p.124) “Sant et al., 2019”

J It should be noted that the results of this paper contradict those of Hagenaars et al. and Ulhag et al in
terms of morphological effects. In Sant et al, the test fish were two transgenic lines each bred to
homozygosity. As such, they are not directly comparable to wild-type populations and the ecological
relevance of this result is less than that of the earlier studies. The EC50 of 1310 uM quoted on p. 125 is not
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associated with a particular endpoint. Accordingly, less weight should be assigned to Sant et al. 2019 than the
preceding publications.

5.1.1.2. Long-term toxicity to fish
(p. 125) “Chen et al. (2018a)”

] This was the first of this research team’s publications on PFBS. In addition to the issues noted
elsewhere which are common to all of the Chen et al. publications, the following specific issues are noted. The
statements regarding body weight in males and females and body length in males are merely asserted and are
not supported by numeric results or charts. In this series of papers, statistically significant effects are often
observed which do not follow a consistent dose response, are of limited magnitude, and which may result
from normal variation in the population. No attempt to correlate proposed effects with any pharmacological
model are presented. In contrast, hatching delays are depicted in Figure 2f. These were significant only at 1
ug/L and showed no dose dependence. This effect is not biologically relevant. Similarly, brain-somatic index
did not show a dose dependence and was significant only at the 1 pg/L and 10 pg/L levels. The biological
relevance of the effect on weight and lengths cannot be evaluated from the results provided. Potential
impacts on thyroid function were generally irregular, were not dose dependent, and may have been
confounded with the effects of overcrowding during rearing. Cortisol, for example, is known to impact the
HPT axis. Little biological relevance can be ascribed to this study, see comments on section 5.6.

(p.126) “Chen et al. (2018b)”

. It should be noted that wet weight concentrations of PFBS in eye are roughly in line with exposure
concentrations. Accumulation of PFBS in excess of water concentration did not occur, and it is reasonable to
assume this is presence in the eye rather than bioconcentration. Depicted normalization to dry weight cannot
be reproduced by comparison of wet weight concentration with water percentage per eye. Taking ratios of
the reported wet weight- and dry weight-normalized PFBS concentrations in eye lead to dry-weight contents
of 17%, 13%, and 5.1% for males and 10%, 9.8% and 8.8% for females at the 1 pug/L, 3 pg/L, and 10 pg/L levels.
These values clearly differ from the graphical values of water percentage per eye depicted in Figure 2c. The
lack of consistency between percent water and percent dry weight also calls into question the measurements
of absolute eye mass, for which a statistically significant result had been observed in females at the 10 pg/L
exposure level. Neurotransmitter and protein expression were also examined. The most striking finding is a
4.6-fold increase in MAO activity in female eyes at the 10 pg/L exposure level. However, this finding was not
associated with decreased epinephrine, norepinephrine, and serotonin levels. Rather, these
neurotransmitters showed a small increase which would not be considered biologically relevant. No such
increase was observed in male eyes. Other lesser effects were seen only in female eyes and only at this
exposure level. No actual anomalies in visual function were observed. Instead, protein sequencing was used
to identify proteins which showed differential expression between control and 10 pg/L, with functions
assigned to differentially expressed proteins where possible. The assignment of a NOEC due to eye effects is
not appropriate.

(p. 126) Chen et al (2018c):
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J This paper purports to show a multigenerational impact on intestinal biome due to low-level PFBS
exposure. A closer examination of the phylogenetic tree illustrated in this paper reveals that most of the
groupings are depicted as representative of time courses of the same replicate at different time points, e.g., 3
ug/L, replicate 3, males, at end of exposure and after depuration (3-3M6 and 3-3M8). It should be noted that
the tightest clusters are 0-1M6/8(control replicate 1), and 3-2F6/8 (3 pg/L replicate 2). By comparison,
different replicates at the same exposure concentration do not cluster as tightly, nor do higher doses cluster in
a way that is suggestive of increasing effect (i.e., control and highest exposures do not cluster at greatest
divergence from each other). Instead, the clustering suggests that most important factor was simply which
replicate was followed over time, as differences in gut bacteria stabilized between segregated populations.
Observed species diversity declined from FO exposed to FO depurated and to F1 among male and female
controls, although no significance test was applied. It is evident from depicted error limits, however, that this
broad trend was more important than differences in diversity between exposure levels. The minor differences
in species are likely to be due to drift in species compositions as populations remained segregated. For
example, the decreased relative abundance of Cetobacterium in F1 males (only) derived from parents exposed
at 1 pg/L PFBS are pointed to in the Annex XV Report as being worthy of mention, however this impact is not
notable at any other combination of exposure and sex of fish.

e The physiological test panel described in this paper has not been validated. While some statistically
significant results were seen, responses were not large (generally less than a factor of two) and did not
show clear dose dependence. More importantly, the normal biological range of response for this
panel has not been defined for this species. A biological relevance cannot be assigned to the panel
results, and the attempt to correlate biodiversity results with them is inherently flawed.

(p. 127) Chen et al. (2019a).

J No method is indicated for determining hardness of egg envelope. The statement on hardness of eggs
in the F1 generation at 9.5 pg/L cannot be evaluated. Comparison of F1 and F2 generation control egg weight
suggests that normal variation of egg weight is greater than the range shown across exposure within the F1
generation.

J The sex ratio was not presented clearly in this paper. Male/female ratio in the FO generation was
83.2% in controls and 128.0% at 9.5 pg/L. To clarify, there were 0.83 males per female (55% female) in
controls and 1.28 males per female (44% female) at 9.5 pg/L. Both values are within an acceptable biological
range for freshwater fish (30-70%). In contrast to FO generation, the sex ratio among controls in the F1
generation, although not reported, was approximately 120-130% (Figure S4a). Also, the predominant effect of
skewed sex ratio had entirely reversed among fish with parents exposed at the 9.5 ug/L level (ca. 80-90%).

Sex ratios among FO and F1 controls indicate that the normal range of sex ratio variation is significantly greater
than the precision of the sex ratio measurement in this experiment. Therefore, while the change in sex ratio
was a statistically significant result, no biological relevance can be assigned to it. It should be noted that,
despite considerable genomic analysis in this set of studies, genomic sex of the fish was never confirmed.
Medaka is known to be unstable with regard to phenotypic sex. Therefore, the reason for the apparent skew,
whether an effect on viability of females, a change in expressed sex, or simply normal variation of the
population, cannot be established. Similarly, F1 larvae mortality was statistically elevated between controls
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and parental exposures at 2.9 pg/L and 9.5 pg/L (ca. 15% in controls v. ca. 30% for 2.9 pg/L and ca 25% for 9.5
ug/L, with substantially less precision among parentally exposed fish data). However, controls in the F2
generation showed ca 35% larval mortality, with broader variability in survival among all F2 larvae. Again, no
biological relevance can be assigned to the larval mortality as a result.

(p. 127) “Table 31: Summary of long-term effects on fish”

J We respectfully suggest that none of the results presented in the Chen et al. series of papers can be
regarded as reliable. LOEC and NOEC values cannot appropriately be derived from them.

(p.128) “In summary...”

. While non-guideline studies are often useful, existing OECD guidelines (OECD 234, OECD240) for
performing extended lifecycle studies with Medaka are available. Best practices as set forth in these
guidelines were not followed in the Chen et al. publications. With respect, use of the Chen et al studies, with
overcrowded rearing conditions, substantial delay in attaining sexual maturity, inconsistent dose response,
loosely defined effects, and overreaching interpretation as a basis for assignment of NOECs is not appropriate.

5.1.4 Sediment organisms
(p. 131) Stefani et al.

. With respect, the conclusion in Stefani was that genetic diversity, which continuously decreased
through succeeding generations at the five microsatellite loci, was lost somewhat more quickly in controls
than in the exposed population. An increased mutation rate was given as an explanation consistent with the
data, but after a painstaking mathematical analysis, the mutation rates could not be precisely defined for any
population, and all were reportedly in the same range of 1-5 E -04/site regardless of substance or control. The
registration dossier had included this study but made no conclusions as to its utility in hazard assessment. It is
felt that the population effects studied in this paper cannot be described as toxicity and are not useful for
establishing hazard.

5.1.5. Other aquatic organisms
(p. 132) “Lou et al. (2013).”

J Observations in Lou et al. regarding gene expression are discussed greater detail later in this response.
Regarding the histological observations: No scoring criteria were discussed in the methods to define either
hepatocyte degeneration or hypertrophy. The tissues sections depicted as typical do not show obvious signs of
either effect, and observations of degeneration at 100 pg/L with hypertrophy at 1000 pg/L do not follow a
reasonable dose response. Estrogen and androgen receptor response was examined in liver in brain but,
importantly, was not studied in gonadal tissues where the greatest response would have been expected.
Further, effects were generally less than two-fold and should not be considered biologically relevant. Most
importantly, little if any effect could be ascribed to the two reference substances 17-beta-estradiol and 5
alpha-androstan-17-beta-ol-3-one. As the two positive controls did not show appropriate results, the gene
expression results should not be used for evaluation of hazard.
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5.2.1. Toxicity to soil micro-organisms
(p. 132) “Wojcik et al. 2018”

] This paper did not examine microbes but instead model membrane assemblies. The practical impact on
microbes cannot be determined. It should be noted that PFBS has little or no surface activity.

5.4. Toxicity to birds
(p. 134) “Newstad et al. (2018).” Should be 2008.
5.5. Mammalian wildlife

(p. 135) “In mice (Feng et al., 2017) and rats (NTP, 2019) decreases in total T4 and T3 levels and free T4 levels,
and in addition for the mice study, increases in TSH levels][sic].”

J Feng et al. reported normal TSH in serum at birth for female pups. Total T4 and total T3 alone did not
provide adequate (clinical) evidence to suggest that thyroid was being affected, especially when TSH, the
primary diagnostic indicator for thyroid hormone status was normal. A more detailed discussion of thyroid
effects is seen elsewhere in this discussion.

5.6. Other effects: Endocrine disruption
(p. 135) Chen et al 2018a.

. The organisms used in this and other Chen et al papers show evidence of being highly stressed.
Potential impacts on thyroid function were generally irregular, were not dose dependent, and may have been
confounded with the effects of overcrowding during rearing. Cortisol, for example, is known to impact the
HPT axis. The results should be interpreted with caution.

J It should be noted that the text and supporting Fig. 1f contradict each other, in that the text states no
effect on hatching percentage at 15 dpf, while the axis on the chart explicitly is “Hatching percentage of F1
larvae at 15 dpf (%).” The delayed hatching was seen at the lowest test concentration only; no dose-
dependence was found. Regardless, no biological significance can be drawn from this result.

J “PFBS exposure resulted in a reduction in plasma T3 levels in FO female exposed to 9.5 pg/L PFBS, while
it increased the levels of T4 in the brains of the 1.0 and 9.5 pg/L exposure groups." Only the T4 result at 1.0
ug/L was statistically significant, and the T4 results further show no dose dependence.

J "and subsequently decreased the levels of Dio2. As a characteristic of hyperthyroidism, increased T3
content suppress the transcription and activity of 5' - deiodinase (Dio2)." Dio2 expression was downregulated
by a factor of at most two in males, with no dose dependence in response. These effects are not biologically
relevant. The statement in hyperthyroidism would be irrelevant, since the effect stated for Dio2 was not
accompanied by an increase in T3 at all, and the statistical result on T3 was in female, not male, brains.

. (p. 136) "Exposure to 2.9 and 9.5 pg/L PFBS resulted in a significant downregulation of Dio2 in male
brains. " As stated, this result is not biologically relevant.
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J "Transgenerational disturbances in the thyroid endocrine system were noted in F1 and F2 generations
at different life stages, implying the heritability of parental alterations caused by PFBS." This conclusion is not
warranted for reasons noted below.

J "The decreased levels of T3 in FO female blood following exposure to 9.5 ug/L PFBS, was transferred to
F1 eggs." The paired observations were not statistically significant in themselves. Further, it is evident that
the non-significant differences in egg T3 concentrations did not correspond in a meaningful way with FO
maternal blood concentrations.

] "Delayed hatching was coupled with elevated T3 levels in F1 larvae." Hatching at 15 dpf was
significantly reduced and T3 was significantly elevated in F1 larvae. However, neither effect showed any dose
dependence. T3 levels were increased nearly 3-fold in larvae in the 1 ug/L exposure level but showed no
statistical effects at the two higher concentrations. A biological relevance cannot be ascribed to PFBS
exposure.

. "F1 adults showed similar symptoms of thyroidal disruption as FO adults." This is strictly true, in that
T3 and T4 levels showed essentially no differences among FO and F1 males and females. Regarding gene
expression in adults, statistically significant differences in FO and F1 males were less than a factor of two and
showed no dose dependence; they are not considered biologically relevant. No statistical effects were seen in
FO females. Statistically significant effects in the F1 females showed no dose dependence and are not
considered biologically relevant.

J "A slight recovery was noted in the F2 generation, although F2 larvae still exhibited thyroid disruption
and synthesized excessive T4 suggesting that thyroidal disturbances may occur without direct exposure." As

noted below under Table 38, these effects are not biologically relevant. T4 was significantly elevated to 2.5-

fold over controls in F2 larvae. However, no such elevation was seen in F1 larvae, the biological relevance of
this result is questionable as no other measured endpoints had a meaningful change in F2 larvae.

] "Furthermore, proper regulation of thyroid hormones is necessary for eye development and
differentiation of visual systems in vertebrates (Bohnsack et al., 2013; Dong et al., 2014; Baumann et al.,
2016). Thus, alterations in thyroid hormone signaling may lead to ocular developmental abnormalities|..]."
This is an attempt to link the conclusions of Chen et al. 2018a to those in Chen et al. 2018b paper on ocular
effects. This conclusion is not warranted even if the results were to be accepted. The stated statistical effects
on eye in Chen et al 2018b were observed, with two exceptions, on females in the 10 pug/L exposure group.

No statistical effects were seen on this subpopulation in Chen et al 2018a at all. No link is warranted given the
available information.

J "Table 38: Overview of transcriptional effect in F1 and F2 offspring (larvae)." The table simplifies the
results of Table S4 by only denoting the direction of change. It is evident that many of the results in this table
show no dose response or opposite effects at increasing dose levels. Essentially all of the effects depicted
show less than two-fold changes in expression. Only Diol expression in F1 larvae shows a meaningful change
in expression, and the dose-response is weak in this case. No biological significance should be assigned to
these results.
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(p. 137) Chen 2019a.

J “A recent article by Chen et al. (2019) [..] skewed the sex ratio in fish toward male dominance at 9.5
ug/L.” As noted elsewhere, the sex ratios observed on exposure to PFBS were within the range observed for
unexposed controls. This demonstrates the importance of addressing the biological significance of a statistical
result.

J “The sex ratio in controls were quite high 83[..] indicating that PFBS has implications for sexual
development.” Sex ratios ranged from 45% to 55% male in controls, well within the acceptable range.

J “The gonado somatic index (GSI) values were significantly lowered (P < 0.001) in the FO females
exposed to 9.5 pg/L. This correspond to the observed shift in FO oocyte distribution where a significant
increase in previtellogenic and significant decrease in vitellogenic and postvitellogenic oocytes were observed.
This delay in oogenesis could in turn result in the observed significant decrease in FO fecundity.” GSI was
significantly reduced at 9.5 pg/L. The biological relevance of this cannot be assessed, however given the
delayed sexual maturation of all fish in the test regime, it is not reliable for sex-related endpoints. Ovaries
were examined histologically with no findings on the ovaries themselves. A statistically significant change in
maturation of eggs was also observed. However, it does not appear to be related to FO fecundity since no
such effect on oocytes was observed at the 2.9 pg/L level while a statistical effect on FO fecundity was
observed. As noted earlier, F1 control fecundity was dramatically different than FO, indicating the range of
normal variation is broader than is suggested by the SEM values.

J “The systemic effects on the gonads shown by GSI, delayed oogenesis and reduced fecundity are
cohesive and indicate an effect of PFBS on reproduction.” As noted earlier, these effects are not cohesive, and
fecundity appears to be within normal range. Effects of PFBS on reproduction are inconclusive at best.

J “The observed significant decrease in hormonal level of E2, 11KT and E2/T in FO females exposed to 9.5
ug/L are indicative of an anti-estrogenic effect.” It should be noted that 11KT, rather than testosterone, is the
active androgen in fish. All relevant sex hormones were significantly reduced in FO females at the 9.5 ug/L
exposure level, with 11KT reduced more sharply than E2. The E2/11KT ratio was shown as reduced in Fig.2b of
the paper, however since the reduction in E2 was smaller than the reduction in 11KT, it is difficult to explain
why the E2/11KT ratio should still be reduced. The effect is more indicative of a generalized reduction in
sexual response due to stress. Given the delayed sexual maturation seen in throughout the Chen et al.
publications, no relevance should be assigned to this result.

(p. 137) Vongphachan et al 2011:

. Limited effects were seen on exposure to PFBS in either herring gull (HGEN) or chicken embryo
neurocyte (CEN) cell cultures. The positive control trilodothyronine (T3) caused increased expression of TR-
alpha, TR-beta, D2, and RC3 in CEN, with reduced TTR expression and no changes in expression of D3, Oct-1, or
MBP. In contrast, PFBS caused increased expression of D3 and RC3. RC3 expression was increased 2-fold at 10
UM (3 mg/L) PFBS. HGEN cultures were substantially less sensitive to T3 (TR-alpha and TR-beta required ca
10x greater concentration to show the same increase as in CEN, and RC3 required ca. 1000x greater T3
concentration to show the same increase as in CEN). HGEN showed no response to T3 by D2 or Oct-1. It
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should be noted that Octamer motif-binding factor 1 (Oct-1) transcription is not mediated by the thyroid
system but may be activated by stress response. Lack of activation by T3 is expected. It should be noted that
HGEN cell cultures showed significant activation by 3 mg/L PFBS. Again, this should be interpreted, not as a
thyroid effect, but a general stress response in cell culture. A biological significance cannot be ascribed to this
exposure.

(p. 138) Lou et. al (2013).

J As discussed elsewhere, positive controls for estrogen receptor and androgen receptor did not show
notable effects on transcription in brain and liver tissue extracts. Nevertheless, E2 caused a clear change in sex
ratio and also generated intersexuality. It should be noted that brain and liver do not express high levels of sex
hormone receptors under normal conditions, and it is not clear why this study did not allocate gonadal tissue
for examination of gene expression in appropriate tissue. E2 and DHT caused less than two-fold increases in
estrogen and androgen receptor in brain tissues of males and females, and only DHT exposures were
statistically significant. Similarly, E2 and DHT caused less than two-fold changes in receptor expression in liver
tissue which should not be considered biologically relevant. Dose-dependent effects on expression by PFBS
were observed on both receptor types in liver tissue, while effects in brain tissues were not dose-dependent
and generally around two-fold. However, due to lack of appropriate response to positive controls, the
molecular biological aspect of this paper should be discounted.

5.7. Summary and discussion of the environmental hazard assessment

(p. 140) "A few long-term toxicity studies on fish are available [..] zebrafish larvae resulted in malformations,
altered heart rates, oedemas and distinct changes in behavioral patterns, such as abnormal swimming
behavior."

J These results had earlier been included in short-term effects on fish, although the registration dossier
had treated them as long-term studies because the OECD method had been extended somewhat and
additional developmental endpoints were added to the observations. It should be noted that these results
were obtained for embryo exposures in the range of 100-1000 mg/L, in contrast to the results of Chen et al.
Importantly, these studies were done according to OECD guidelines (as extended), whereas the Chen et al.
studies did not follow a specific guideline and, significantly, followed fish rearing practices that ran counter to
those in OECD guidelines for Medaka extended one generation studies. Fish in the Chen et al. studies suffered
severe developmental delays and were evidentally highly stressed. Results of the Ulhag and Hagenaars
studies should appropriately be given greater weight.

(p. 140) "Multigenerational disruption of the thyroid endocrine system by PFBS [..] In addition, endocrine
disturbances caused by PFBS have been shown in tadpoles and in avian neuronal cells (Lou et al., 2013;
Vongphachan et al., 2011).

J As stated elsewhere, the Chen et al. series of publications on PFBS cannot be considered reliable.
Further, the Lou et al (2013) and Vongphachan et al. (2011) paper did not demonstrate meaningful effects on
endocrine systems. Respectfully, the conclusions drawn in this paragraph are not supported by reliable
evidence.
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(p. 140) "Long-term relevant population effects were reported in C. riparius following exposure to 10 pg/L
PFBS."

J As stated elsewhere, no biological relevance can be assigned to this report.

(p. 140) "Based on the available ecotoxicity data [..] There are indications that PFBS may have endocrine
disrupting properties”

. As stated elsewhere, we respectfully disagree that the Chen et al studies form an appropriate basis for
T determination under Annex XIIl of REACH.

6.3. Assessment under Article 57 (f)

(p. 141) "Despite the fact that some studies are not conducted according to OECD guidelines, or may not be
considered highly relevant as standalone studies, there is no reason to discard any study on the basis of
reliability."

. We agree that non-guideline studies are often useful, however the Chen et al. studies followed fish
rearing techniques that were out of agreement with those in the relevant guidelines and likely contributed to
sharply delayed maturation of fish. The Lou et al (2013) study was likewise flawed in that the sex hormone
receptor positive controls did not function normally. There is ample reason to disregard these and other
studies on basis of reliability. Use of them contradicts the principle of scientific excellence set for in the
REACH legislation.

% k k %k

Thank you for your consideration of these comments.
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Introduction

The Norway Annex XV Report, Proposal for Identification of Substances of Very High Concern
on the Basis of the Criteria Set Out in Reach Article 57 for Perfluorobutane sulfonic acid (PFBS)
and its salts, dated August 5, 2019 (PFBS Report) has been reviewed. The objective of the
review was to evaluate whether the information presented in the report meets the criteria for
identification of PFBS as a Substance of Very High Concern (SVHC).

Summary of the Annex XV Report

The Annex XV Report states that “PFBS and its salts are proposed to be identified as substances of
very high concern in accordance with Article 57(f) of Regulation (EC) 1907/2006 (REACH) as
there is scientific evidence of probable serious effects to the environment and human health
which give rise to an equivalent level of concern to those of other substances listed in points (a)
to (e) of Article 57 of REACH.”

Article 57 points (a) through (f) are as follows:

a) Substances meeting the criteria for classification in the hazard class carcinogenicity
category 1A or 1B in accordance with section 3.6 of Annex I to Regulations (EC) No
1272/2008;

b) Substances meeting the criteria for classification in the hazard class germ cell
mutagenicity category 1A or 1B in accordance with section 3.5 of Annex I to Regulations
(EC) No 1272/2008;

c) Substances meeting the criteria for classification in the hazard class reproductive toxicity
category 1A or 1B, adverse effects on sexual function and fertility or on development in
accordance with section 3.7 of Annex I to Regulations (EC) No 1272/2008;

d) Substances which are persistent, bioaccumulative and toxic in accordance with the
criteria set out in Annex XIII of this Regulation;

e) Substances which are very persistent and very bioaccumulative in accordance with the
criteria set out in Annex XIII of this Regulation;

f) Substances — such as those having endocrine disrupting properties or those having
persistent, bioaccumulative, and toxic properties or very persistent and very
bioaccumulative properties, which do not fulfil the criteria of points (d) or (e) - for which
there is scientific evidence of probable serious effects to human health or the
environment which give rise to an equivalent level of concern to those of other
substances listed in points (a) to (e) and which are identified on a case-by-case basis in
accordance with the procedure set out in Article 59.

The PFBS report states that the level of concern is considered “very high” due to a combination
of:

High potential for irreversible exposure due to very high persistence and mobility...
High potential for increasing contamination and increasing, bioavailable exposures...
High potential for wide geographic scale contamination

Ecotoxic effects fulfilling the T criteria in Annex XIII of REACH based on several
different effects on marine medaka...





e Thyroid hormonal disturbances observed in rodents and fish and effects on expression of
sex hormone receptor activity in tadpoles...

e Effects on thyroid hormones together with deficits in perinatal growth, pubertal onset
and reproductive organ development in mice

e Effects in experimental toxicity studies are of such a nature that in combination with the
above aspects, they lead to a high potential for serious effects on humans and the
environment on a global scale

e Potential for causing serious effects that are not observed in standard tests or effects
caused by life-long exposure or inter-generational effects following transfer from mother
to offspring in several species

e High societal concern.

The following sections of this document provide substantive scientific reasoning in the overall
determination that the elements for concern, as postulated in the Annex XV report, cannot be
justified to the extent required in the determination and identification of a substance as an SVHC
according to the requirements of Article 57(f) of Regulation (EC) 1907/2006. Specifically, the
following sections demonstrate there is insufficient “scientific evidence of probable serious
effects to human health or the environment which give rise to an equivalent level of concern to
those other substances listed in points (a) to (e)” (emphasis added).

Indeed, there is no evidence the PFBS meets the persistent (P) or very persistent (vP) criteria, and
insufficient evidence of long-range transport. The current monitoring data does not support the
conclusion that there is high potential for wide geographic scale contamination of PFBS. There is
no evidence that PFBS is bioaccumulative and no reliable evidence of environmental hazard.
Available toxicological data do not provide evidence of serious effects to human health. Measured
PFBS concentrations in the environment, and in the human body are far lower than the effect levels
determined in reliable (eco)toxicity studies. Overall, there is insufficient scientific evidence on
PFBS and its salts to support any conclusion on probable serious effects to human health or the
environment which give rise to an equivalent level of concern. Read-across to shorter (C1) and
longer (C8) chain perfluoroalkane sulfonic acids (PFSAs) is not justified and no formal rationale
is presented in the Annex XV report. In many instances, the evidence used in the Annex indicates
that shorter and longer PFSA substances are not good analogues for hazard or behaviour
predictions. Furthermore, the manufacture and use of PFBS is limited. The PFBS substance group
represent a low overall EU volume and their uses are not widely dispersed.

Ecotoxicity

Based on the available ecotoxicity data, there is insufficient scientific evidence that
Perfluorobutane sulfonic acid (PFBS) should be identified as a substance of very high concern.
The Annex XV report summarises available GLP studies on PFBS and the potassium salt of
PFBS, and correctly concludes that “a full acute base set is available showing low acute toxicity
of PFBS”. Indeed, the acute toxicity results for fathead minnows, bluegill sunfish, and zebrafish
ranged from LC50s of 1,938 to 6,452 mg/L PFBS for mortality, and sub-lethal
developmental/behaviour results ranging from 250 to 450 mg/L PFBS.





The acute toxicity results for aquatic invertebrates Mysid shrimp and Daphnia magna were 372
mg/L (LC50) and 2183 mg/L (EC50), respectively.

The acute toxicity results for algae growth rate included an EC50 of 5733 mg/L, and another at >
20,250 mg/L (37% growth inhibition).

Limited long-term ecotoxicity data are available on PFBS. For the aquatic environment, only one
reliable NOEC is available for the freshwater invertebrate, Daphnia magna (NOEC = 502 mg/L).
This result was generated from a guideline study conducted under GLP conditions, with an
assigned Klimisch rating of 1 (reliable without restriction).

The Annex XV report places inappropriate reliance on a series of long-term fish studies
conducted by Chen et al in the assessment of the long-term aquatic toxicity of PFBS. These
references have been assessed for their reliability in the PFBS Report and the associated
recommendations. Specifically, the references further evaluated included:

1. Chen, L. et al. 2018a. Multigenerational disruption of the thyroid endocrine system in
marine medaka after a life-cycle exposure to perfluorobutanesulfonate. Environmental Science &
Technology 52: 4432-4439.

2. Chen, L. et al. 2018b. Accumulation of perfluorobutane sulfonate (PFBS) and
impairment of visual function in the eyes of marine medaka after a life-cycle exposure. Aquatic
Toxicology 201: 1-10.

3. Chen, L et al. 2018c. Perfluorobutanesulfonate exposure causes durable and
transgenerational dysbiosis of gut microbiota in marine medaka. Environmental Science &
Technology Letters 5: 731-738.

4. Chen, L. et al. 2019. Perfluorobutanesulfonate exposure skews sex ratio in fish and
transgenerationally impairs reproduction. Environmental Science & Technology 53: 8389-8397.

Comments from Review

These four papers appear, from the presentations of the methodology, to be aspects of the same
experiment, conducted by the same research team, presented separately in the four journal
articles. The purpose of this review was to better understand the experiment performed by Chen
etal. (2018 a, b, c and 2019) and assess the appropriateness of the toxicity results to the PFBS
Report. Since the four articles are aspects of the same experiment, this review focused on Chen
et al. (2018a) unless otherwise noted.

Materials and Methods Section of Chen et al. (2018a)

Chen et al. (2018a) used the marine medaka (Oryzias melastigma) rather than the OECD/OCDE
240 prescribed freshwater Japanese medaka (Oryzias latipes). While the OECD/OCDE





guideline states that other small fish species can be adapted to a similar test protocol, the
guideline only recommends another freshwater fish, zebrafish. Thus, for the marine medaka to
be used for chemical toxicity assessment such as the PFBS Report, sufficient supporting
information should have been provided to assure that the test species behaves similarly during
testing to the Japanese medaka.

As noted in the PFBS Report, Chen et al. used a stock solution of PFBS prepared in high-
performance liquid chromatography-grade dimethyl sulfoxide (DMSO). The use of a solvent
carrier is quite unusual given the high water solubility of PFBS. Furthermore, the convention of
ecotoxicology studies is to only use solvent carriers as “a last resort” for difficult to test
chemicals (OECD/OCDE 240). The OECD/OCDE guideline cautions that solvents themselves
may result in toxicity and/or undesirable or unexpected responses (OECD/OCDE 240). Thus, the
use of the solvent carrier, DMSO, when the chemical being tested is highly water-soluble is
inappropriately outside of the OECD/OCDE guidelines.

The OCEC/OCDE guideline indicates that the testing should start with adult medaka with the
subsequent testing of the F1 and F2 generations. Chen et al (2018a) started the experiment with
larvae medaka. While it may not be a concern, the medaka testing performed by Chen et al. did
not follow the OECD/OCDE 240 guidelines for the overall experimental design.

The testing by Chen et al. (2018a) was performed with three concentration treatments and a
positive control (with DMSO carrier). However, the OECD/OCDE guidelines recommends that
five concentrations and a negative control be used in the test experiment. If a solvent carrier is
used, an additional positive control should be employed. Chen et al. (2018a) did not use the
recommended number of concentration treatment, using only three rather than the recommended
five. Furthermore, Chen et al. (2018a) did not use the negative control (without DMSO) in order
to evaluate the potential impacts to medaka from the solvent carrier alone. This control was not
used, thus, there is no way to determine if the solvent carrier had any negative impact on the test
results. The OECD/OCDE guideline also requires a minimum of six replicate test chambers per
test concentration be used. However, Chen et al. (2018a) only used three replicates per treatment
concentration and the solvent control. Furthermore, the guideline requires that the dilution water
control and solvent carrier control use 12 replicates, in order to provide adequate statistical
power to assess impacts to survival and growth and these replicates should be doubled when
reproductive assessments are being performed. Thus, Chen et al. (2018a) were considerably
below the required number of replicates per test concentration (6 or 12 vs. 3 and controls of 12 or
24 vs. 3) and thus in itself should be sufficient reasons to cautiously use these results in the PFBS
Report.

The OECD/OCDE 240 guideline requires the test to be a continuous flow test with a minimum
of 5 volume renewals per day, however, Chen et al. (2018a) performed their testing as static
renewal (renewing once per day). Thus, the Chen et al. testing did not follow the required testing
requirement.





OECD/OCDE Test Validity Criteria

The 240 guideline requires that the following validity criteria apply for an acceptable test:

. Hatchability of eggs should be > 80% (average) in the controls (F1 and F2 generation
studies)
. Survival after hatching until 3 week post fertilization (wpf) through termination for the

F1 generation (i.e., 15 wpf) should be > 80% and > 90% respectfully.

. Mean fecundity of controls in each of the generations (FO and F1) should be > 20 eggs
per pair per day. Fertility of all the eggs produced during the assessment should be > 80%.

. Although decreased reproduction may be observed in the higher exposure groups there
should be sufficient reproduction in at least the third highest group and all lower groups of FO.

In review of the Chen et al (2018a) testing results, hatchability in the controls for the F1 was at
approximately 70% (Figure 2 of Chen et al. 2018a) and < 55 % in the controls for the F2 (Figure
4 of Chen et al. 2018a). Hatchability is an important test quality parameter for medaka tests.
Insufficient details on survival and fecundity was presented in Chen et al. (2018a) to assess the
other test validity criteria. Since Chen et al. performed only three test concentrations; their study
did not meet the required quality control requirement of sufficient hatchability. Thus, on the
considerably reduced hatchability of the eggs in the control for both the F1 and F2 generation
studies, the test results did not meet OECD/OCDE 240 test validity criteria.

Summary and Conclusions

The marine medaka testing performed by Chen et al. (2018a, b, ¢ and 2019) did not follow the
testing requirements as outlined in OECD/OCDE 240. The methodology presented by Chen et al.
indicated serious differences (insufficient number of replicates and insufficient number of test
concentrations) as compared to the OECD/OCDE requirements. Furthermore, the OECD/OCDE
guidelines only allow the use of the solvent carrier for difficult to test substances. The use of the
solvent carrier, DMSO, by Chen et al. for the PFBS testing when this chemical is highly water-
soluble is unjustified. Additionally, the lack of sufficient required controls does not allow the
assessment of whether the results are from the solvent carrier or the PFBS (or both). The toxicity
test results also reported by Chen et al. indicated that the major test validity criteria of
hatchability (> 80% average in controls) were not met for either the F1 or F2 generational
studies. The hatchability in the controls on average in Chen et al. were approximately 70% in F1
and <55% in F2 assessments.

Based on all of the deficiencies and quality limitations listed above, the results of Chen et al.
(2018a, b, ¢ and 2019) should have been scored as Klimisch 3 and should not be used in the
PFBS Report because they are of questionable quality and methodology issues (as compared
against the OECD/OCDE 240 guidelines). Disregarding the Chen et al papers removes the
suggestion of ecotoxicological hazard to the aquatic environment - the compartment of key
concern noted in the Annex XV report, based on solubility and mobility considerations.





Effect levels summarised in the Annex XV report, from other available aquatic ecotoxicity
studies meeting accepted quality criteria, are significantly higher than the generic cut-offs
for classification.

Persistence

Article 57, Annex XIII states that a substance fulfills the persistence criterion (P) in any of the
following situations:

(a) The degradation half-life in marine water is higher than 60 days;

(b) The degradation half-life in fresh or estuarine water is higher than 40 days;

(c) The degradation half-life in marine sediment is higher than 180 days;

(d) The degradation half-life in freshwater or estuarine water sediment is higher than 120
days;

(e) The degradation half-life in soil is higher than 120 days.

The PFBS report does not provide any PFBS-specific data to support the conclusion that PFBS
fulfills the criterion required to be classified as persistent (P) or very persistent (vP). Instead, the
report relies on environmental results from screening tests, read-across to data from C1 and C8
sulfonic acids, and models (BIOWIN) to conclude that PFBS meets the screening criteria for
“potentially persistent or very persistent”.

According to the proposed criteria for identification of substances as Persistent, Mobile and
Toxic (PMT) and very Persistent, very Mobile (vPvM), the PMT/vPvM assessment, the
proposed persistence criterion (P) and “very persistent” criterion (vP) are the same as Annex XIII
of REACH as part of the PBT/vPvB assessment. The proposal further notes that only substances
that meet the P or vP criterion need to be assessed for mobility.

Hence, while available data indicate the PFBS is potentially persistent or very persistent, there is
no scientific evidence presented to conclude that PFBS definitively fulfils the P or vP criteria of
REACH Annex XIII. It can therefore be concluded that consideration of the mobility of PFBS is
redundant. Most significantly, there is insufficient evidence to conclude that PFBS meets the
criteria for identification as PBT, vPvB, PMT or vPvM. This conclusion is supported by the
absence of PFBS (or any of its salts) from the “Preliminary assessment of substances registered
under REACH that could fulfil the proposed PMT/vPvM criteria”, as produced by the
Norwegian Geotechnical Institute (2018). The purpose of that assessment was to “identity
substances registered under REACH that could be considered to fulfil the current revision of the
criteria and assessment procedure for PMT and vPvM substances”. Given that definitive,
standardised guideline studies are not available to conclude on P or vP properties of PFBS, it is
considered identification of the substance as an SVHC at this time would be premature. As such,
thorough investigation into the potential persistence of the specific substance should be
undertaken in order to establish substance properties.





Environmental distribution

To support their conclusion that PFBS is persistent, the report describes the environmental
distribution of PFBS and concludes that PFBS have a “high potential for wide geographic scale
contamination”. Specifically, the report cites data from surface water, groundwater, drinking
water and seawater from samples collected in Europe, Asia and North America as evidence of
wide geographic distribution. However, for ground water, many results are reported below the
detection limit and PFBS was reported in only 4 to 15 percent of the ground water samples.
While the highest concentrations were reported in data collected near source areas and China, the
maximum reported concentrations of PFBS in ground water samples collected from 26 European
countries (25 ng/L or 0.025 ug/L) are well below available regulatory requirements for
protection of human health of 0.09 to 667 ug/L from Europe, Australia, Canada, and the U.S.
(ITRC 2019: https://ptas-1.itrcweb.org/fact-sheets/). The maximum drinking water
concentrations of PFBS (69 ng/L or 0.06 pg/L) reported in samples collected from European
countries are also below available regulatory requirements for protection of human health.
However, the detections cited in the report do not necessarily support wide spread contamination
of PFBS. Drinking water data collected as part of a legally-mandated sampling program for
water suppliers across the entire United States from 2017 found that PBFS was only detected
above the reporting limit of 0.09 pg/L in 19 samples out of 36,972 samples and in 8 out of 4,920
drinking water suppliers (U.S. EPA UCMR3 Summary). These data do not provide evidence for
“wide geographic scale contamination” of PFBS.

Based on PFBS data collected in freshwater, air, snow and ice in remote areas, the report authors
concluded that long-range transport of PFBS has taken place. Additional explanations (e.g., use
of products containing PFBS in remote areas) for low level PFBS detections in remote areas are
not explored sufficiently. Therefore, it is impossible to distinguish between the long-range
transport of PFBS and local uses of PBFS from local airports, landfills, and consumer product
usage in remote areas. They note, however, that PFBS concentrations, if reported in these media
are generally low. Further, the report authors state that PFBS is reported at low levels in the
Arctic biota, due to the “low tendency to bioaccumulate due to the short biological half-life.”

It should be noted that the models for long-range transport relied upon by the report (OECD Pov
& LRTP model) was modelled using the neutral form of PBFS. PFBS will not be present in the
neutral form at any environmental pH. Therefore, the results from this model as presented in this
report are not environmentally relevant.

Therefore, while PFBS have been reported in environmental media in Europe, Asia and North
America, the current monitoring data does not appear to support the conclusion that there
is “high potential for wide geographic scale contamination”.

Bioaccumulation (environmental fate)

According to Article 57, Annex XIII, a substance fulfills the bioaccumulation criterion (B) when
the bioconcentration factor in aquatic species is higher than 2,000. A substance fulfills the very





bioaccumulation criterion (vB) when the bioconcentration factor in aquatic species is higher than
5,000. PFBS does not meet the bioaccumulation criterion established in Article 57, Annex XIII.
Measured steady-state BCF values reported in the PFBS Report for fish ranged from 0.36 to
27.5, invertebrates ranged from 0.021 to 2.75, birds ranged from 1.0 to 3.4, and mammals ranged
from 0.8 to 14 (highest level in blood plasma).

Bioaccumulation results for fish ranged from less than 1 to 27.5 (BAF). In many instances it
appears from the presentation in the Annex that some of these studies evaluated a mixture of
many PFAS and then tested for the accumulation of the various chemicals. For example, the
steady state bioaccumulation of PFBS in bluegills ranged from 0.3 to 1.1 BCF. The BCF is
calculated as the amount in the tissue divided by the dose of the chemical. In this instance, the
dose was higher or equal to the amount of PFAS in the tissue. Another important issue is whether
the concentration in the tissue is statistically different from the dose. Given the minimal
difference between accumulation of PFAS in the tissue versus the dose (and resulting low BCF),
detected concentrations in the tissue is not substantial evidence that PFBS are bioaccumulating at
adverse levels.

Despite the authors’ acknowledgment that PFBS does not meet the bioaccumulative criterion,
they argue that consideration of bioaccumulation potential is appropriate for PFBS. Specifically,
they state that “substances with a low bioaccumulation potential could potentially reach similar
levels in biota as substances that are known to bioaccumulate, provided they are sufficiently
persistent and mobile in the environment and when considering a longer time-scale.” This
statement is not supported with data and is inconsistent with fish, wildlife and human
biomonitoring data. PFBS has been manufactured and used since at least 2000, when
manufacturers started phasing out use of the C8 compounds (ITRC 2017, p. 4). Two decades of
use has provided sufficient time for accumulation in biota if PFBS was going to significantly
bioaccumulate.

To support their position, the authors report that elimination half-lives of PFOA (2 to 4 years)
and PFHxS (7-8 years) were considered in identifying these PFAS compounds as substances
fulfilling the bioaccumulative criterion and thus, should be considered and accepted as the basis
for fulfilling the bioaccumulative criterion for PFBS. However, the elimination half-life (46
days) of PFBS is substantially shorter, by an order of magnitude, than those of PFOA and
PFHXxS; the authors provide no basis for assuming that bioaccumulation of PFBS is similar to
that of PFOA and PFHxS.

The authors also argue that PFBS is bioaccumulative because it has been detected in human
blood, lung, bone, kidney, urine and hair. While the presence of PFBS in these organs suggest
PFBS is bioavailable, it does not support a determination that it is bioaccumulative. PFBS levels
reported in blood is often below the quantitation limit; with higher levels reported primarily in
individuals known to have elevated exposures to PFBS. Given that PFBS is eliminated quickly,
it is scientifically unfounded for the authors to state that even if a substance is not highly
bioaccumulative, the fact that it may be bioavailable means it can become bioaccumulative if one
is exposed long enough. Additionally, the low BCFs reported for PFBS in fish (ranging from
0.36 to 27.5) were performed in laboratory studies where steady-state conditions were achieved





(e.g., uptake and elimination of PFBS reached equilibrium and no more bioaccumulation will
occur at the experimental dose evaluated). Thus, no additional bioaccumulation in the fish tissues
will occur following longer exposure durations.

Disparate values of elimination half-lives of PFOA and PFHxS, to that of PFBS calls into
question the suitability of read across to similar substances with higher chain lengths. As such it
can be considered that the use of the read-across information to support their conclusion is
neither scientifically justified nor valid.

Bioaccumulation in humans

The Annex XV report emphasises that Perfluorobutane sulfonic acid (PFBS) has a persistence and
mobility that will lead to long term exposure of both humans and wildlife around the globe. In the
report, a read-across approach was taken and the data from structurally related perfluoroalkane
sulfonic acids were also included for the assessment of the persistence of PFBS. PFBS (C4) has
been compared to one shorter homologue C1 trifluoromethane sulfonic acid (C1, PFSA) and one
longer homologue perfluorooctane sulfonic acid (C8, PFOS). However, there are differences in
the half-lives in humans and protein binding affinities within perfluorinated alkyl acids. PFBS has
a considerably shorter half-life in humans compared to perfluorohexane-1-sulphonic acid (PFHxS,
already in the SVHC list') and other perfluoroalkyl acids. The half-lives in humans are~35 years;
27 years,~3.8 years, and ~ 45.7 days for PFHXS, PFOS, PFOA, and PFBS, respectively (ECHA,
2017). In general, the elimination half-lives of perfluoroalkyls increase with increasing length of
carbon chain, with the exception of PFHxS having the longest elimination half-lives despite not
having the longest carbon chain (ECHA, 2017).

Perfluorinated alkyl acids reportedly bind to proteins in the blood and tissues, and protein binding
affects tissue distribution of perfluorinated alkyl acids. PFBS has been found to bind mainly to
serum albumin, whereas PFOS, PFOA, and PFHxS have the potential to bind also to other human
serum binding proteins, including plasma gamma-globulin, alpha-globulin, alpha-2-
macroglobulin, transferrin, and beta-lipoproteins. According to the Annex XV report, the binding
affinity to serum albumin has been reported to decline in the following order: PFHxS > PFOS >
PFBS.

PFHxS, which has the longest elimination half-life amongst perfluoroalkyls assessed (ECHA,
2017), poses properties that indicate a very high bioaccumulation potential in humans such as high
binding to blood proteins, low clearance and long elimination half-life. Indeed, PFHxS and its salts
are identified as substances meeting the criteria of Article 57 (e) of Regulation (EC) 1907/2006
(REACH) as they are very persistent and very bioaccumulative (vPvB) in accordance with Annex
XIII of the REACH Regulation. However, compared to PFHxS and other perfluorochemicals,
PFBS has a considerably shorter half-lives in mammalian species with a lower protein binding
reactivity in the blood. Consequently, the bioaccumulation potential of PFBS and its salts are

"' PFHxS and its salts are identified as substances meeting the criteria of Article 57 (e) of Regulation (EC) 1907/2006
(REACH) as they are very persistent and very bioaccumulative (vPvB) in accordance with Annex XIII of the
REACH Regulation.





expected to be considerably lower than PFHxS, PFOS and PFOA. For these reasons, to propose
including PFBS and its salts in the SVHC candidate list on the grounds of their very high
persistence and a potential consequence for increasing environmental exposure to humans is
scientifically unfounded.

There is no convincing weight-of-evidence to substantiate a view that PFBS poses
bioaccumulation potential in humans nor any associated adverse effects that would give rise
to an equivalent level of concern set out in Article 57(f) of REACH Regulation (EC) No
1907/2006.

Toxicity (human health)

Based on the available mammalian toxicity data, there is no scientific evidence that
Perfluorobutane sulfonic acid (PFBS) should be identified as a substance of very high concern.
The information on human health provided in the Annex XV report is limited. There is insufficient
scientific evidence for the determination of probable serious effects which can be regarded as
having an equivalent level of concern (to substances fulfilling the criteria of REACH Article 57(a)-
(c)) according to the weight of evidence criteria necessary for establishment of a substance as a
substance of very high concern. The rationale for this conclusion is summarised below.

A concern of potential endocrine mode of action on the thyroid modality and associated adverse
effects on reproductive toxicity parameters are indicated in the Annex XV report. However, none
of the substances (PFBS or its salt forms) listed in Table 3 have EU harmonised classification and
labelling for human hazard endpoints, according to Tables 42, 43, 44 and 45 in the report. It is
unclear from the report as to which potential human hazard triggered the proposal for SVHC
identification. Furthermore, the report does not provide any robust assessment of endocrine
disrupting properties on the thyroid modality. Such assessment should include a detailed
investigation of whether the thyroid effects observed in laboratory animals were via a receptor-
mediated mechanism or secondary to the hepatocellular hypertrophy. Thyroid effects observed in
the rat may be related to species specific differences in metabolic capacity i.e. enhanced hepatic
clearance of thyroid hormones in the rat due to UDPGT induction and therefore a weight-of-
evidence assessment may be useful to evaluate their relevance to humans (ECHA, 2018). In a
recently published toxicological review of perfluoroalkyls, including PFBS (ATSDR, 2018), it
was concluded that there are no consistent associations between serum levels of perfluoroalkyls
and thyroid disease or altered levels of thyroid hormones in humans. Studies in laboratory animals
showed some alterations in thyroid hormone levels and histopathological findings in the thyroid
following exposure to perfluoroalkyls. These effects were likely to be secondary to the
hepatocellular hypertrophy.





Acute toxicity

Perfluorobutane sulfonic acid (PFBS) or more specifically its potassium salt (potassium
perfluorobutane sulfonate — KPFBS), has been tested in a battery OECD guideline and GLP
compliant toxicity studies. Acute toxicity studies show PFBS is not acutely toxic with an oral LDso
> 2000 mg/kg bw and a dermal LDs¢>2000 mg/kg bw. It is a non-irritant to skin and non-
sensitising. PFBS is however irritating to eyes.

Long-term toxicity

PFBS has not been tested in chronic toxicity studies; however, it has been tested in repeated dose
toxicity studies in rats, which include a 10-day dose rangefinding study (5 rats/sex/dose at dose
levels of 0, 100, 300 and 1000 mg/kg bw/day), a 28-day toxicity study to OECD TG 407 at dose
levels of 0, 100, 300 and 900 mg/kg bw/day (10 rats/sex/group, also included a 15-day recovery
period for an additional 5 rats/sex of the control and high dose group), and a 90-day toxicity study
(OPPTS 870.3100, August 1998, OECD TG 408), at dose levels of 0, 60, 200 and 600 mg/kg
bw/day. In all studies the test item was administered by oral gavage in CMC, and all included
evaluations of body weight, food consumption, clinical observations, clinical chemistry,
haematology, full postmortem procedures including organ weight measurements and
histopathology. The 28-day and 90-day studies also included ophthalmological examinations and
a functional observational battery and a motor activity assessment.

The NOAEL in the 28-day study was established as 300 mg/kg bw/day in females and males based
on significant increases in kidney and liver weights (no correlating histopathology).

The NOAEL in the 90-day study was established as 200 mg/kg bw/day based on necrosis in the
limiting ridge of the forestomach. A significant (p < 0.05) decrease in serum total protein and
albumin values of 7% and 10%, respectively, was seen in males, and a significant (p < 0.01)
increase in serum chloride was seen in the males.

The treatment-related changes in the stomach were increased incidence of necrosis of individual
squamous epithelial cells in the limiting ridge of the forestomach in male and female rats in the
600 mgkg bw/day treatment group, as well as an increased incidence of
hyperplasia’hyperkeratosis of the limiting ridge of the forestomach. The changes in the stomach
in the male and female rats are considered to be treatment-related in the 600 mg/kg bw/day
treatment group. However, this observation is unsurprising given the test substance is a known
irritant and therefore, the observed effects in the forestomach should be considered to represent
local irritancy of the test item rather than any systemic toxicity. Since humans do not have an
anatomical equivalent of a forestomach, local irritation by PFBS may be less pronounced or may
not occur in humans. Furthermore, bolus dosing regimens are not considered to represent the likely
route of human exposure to PFBS. The lack of relevance of these findings in the rat to human
health risk assessment are well established (Proctor et al, 2007).





Administration of 600 mg/kg bw/day for 90 days also resulted in tubular and ductal papillary
epithelial hyperplasia in the kidneys. However, histopathological evaluation of the kidney by an
independent expert (NICNAS, 2005) reported that no consistent changes were seen in the kidneys
and the renal effects were not treatment-related. No morphological alternations in the liver or
changes in the relevant serum chemistry parameters were observed up to the highest dose level of
600 mg/kg bw/day. Therefore, it could be plausibly argued that the NOAEL for systemic effects
is 600 mg/kg bw/day.

In the 2-generation study, treatment-related microscopic changes were observed in the kidney of
male and female rats in the 300 and 1000 mg/kg bw/day dosage groups. In the kidney, the primary
treatment-related microscopic changes consisted of an increased incidence and severity of
hyperplasia of the tubular and ductular epithelium of the inner medulla/papillary region. There was
also an increased incidence of focal papillary oedema for males and females in the 1000 mg/kg
bw/day dosage group, and females only at 300 mg/kg bw/day. Medullary tubular dilation was also
seen in low numbers of females at 300 mg/kg bw/day and 1000 mg/kg bw/day.

In the 2-generation study adaptive liver changes were observed in males, evident as increased liver
weight in the 300 and 1000 mg/kg bw/day dosage groups, and microscopic changes (hypertrophy
of hepatocytes in the centrilobular region). No effect on liver weight or microscopic changes were
observed in the liver of P1 female rats in doses up to 1000 mg/kg. These findings in the liver are
an adaptive response to high doses of PFBS administration. They have a clear threshold and are
therefore considered an adaptive non-adverse response that has no relevance to human health risk
assessment (Hall et al, 2012).

Based on these laboratory animal data, the kidney, liver and forestomach are identified as
the main target organs in rats. Clear thresholds were identified for these effects. However,
the observed effects on the liver and forestomach are of questionable relevance to humans.

Carcinogenicity

The Annex XV report itself acknowledges that data on carcinogenicity is limited and suggests
kidney hyperplasia data as indications of carcinogenicity. However, the Annex I to Regulation
(EC) No 1272/2008 regulations for carcinogenicity category 1A or 1B specifically state that the
presence of malignant neoplasms are the basis for these classifications which is not provided in
the report. Further kidney hyperplasia observations alone are insufficient indicators of
carcinogenicity as it can also be a normal physiological response to kidney injury and
inflammation.

Focus on potential for carcinogenicity category 1A and 1B classification
- EC No. 1272/2008: Classification — Carcinogenicity, Category 1A

Substances known to have carcinogenic potential for humans.





The classification in this category is largely based on human evidence, human studies that establish
a causal relationship between human exposure to a substance and the development of cancer.

Annex XV Report: No human evidence is provided in the report.

Response: No evidence in the Annex XV report is provided for carcinogenic potential thus PFBS
cannot be consider for category 1A classification.

- EC No. 1272/2008: Classification — Carcinogenicity, Category 1B
Carcinogenicity in experimental animals
Substances presumed to have carcinogenic potential for humans.

The classification in this category is largely based on animal evidence, animal experiments for
which there is sufficient evidence to demonstrate animal carcinogenicity.

Annex XV Report: According to the report there are no known studies directly evaluating the
potential cancer effects of PFBS and notes “The current knowledge of carcinogenic effects of
PFBS is insufficient. However, some indications for carcinogenicity were found in a study
showing minimal to moderate effects on the kidneys.” (pp. 122). The report describes a repeated
dose toxicity 90-day study that reported kidney hyperplasia at 600 mg/kg bw/day but the report
also notes the kidney histopathology was inconsistent according to an independent expert (pp.
112). Additionally, the same study reported an increased incidence of necrosis in epithelial cells
in the forestomach of rats and hyperplasia and hyperkeratosis of the mucosa. Lastly, moderate
severity of hyperplasia in the epithelium of the kidney inner medulla was observed in the F1-
generation female rats at 300 and 1000 mg/kg bw/ day in a two-generation study.

Response: To classify a hazardous substance as a category 1B carcinogen based on animal data
there are weight of evidence criteria needed to show sufficient evidence of carcinogenicity per
Regulation (EC) No 1272/2008. The current evidence for PFBS is insufficient to meet these weight
of evidence criteria. These weight of evidence criteria are described as

An increased incidence of malignant neoplasms or of an appropriate combination of benign and
malignant neoplasms in

a) two or more species of animals or

b) two or more independent studies in one species carried out at different times or in
different laboratories or under different protocols or

¢) an increased incidence of tumours in both sexes of a single species in a well-conducted
study, ideally conducted under Good Laboratory Practices or





d) A single study in one species and sex when malignant neoplasms occur to an unusual
degree with regard to incidence, site, type of tumour or age at onset, or when there are
strong findings of tumours at multiple sites;

None of these criteria have been currently met as the only data provided in the report shows kidney
hyperplasia at relatively high doses from a repeated-dose rat subchronic and a two-generation
toxicity study. As the premise of a category 1B classification is the observation of malignant
neoplasms and no evidence is provided in the studies evaluated in the Annex XV report of such
observations, PFBS cannot be considered for category 1B classification.

Even the assertion that kidney hyperplasia data alone is indicative of carcinogenicity is
scientifically tentative, as the two-generation study notes concomitant microscopic signs of
damage in the kidney, from which hyperplasia could be an expected cellular injury response.
Hyperplasia should only be considered an indication of carcinogenicity if there are also additional
observations of neoplastic activity that follow it. There is no report of neoplasms, either benign or
malignant, even at the high doses of 300 and 1000 mg/kg bw/day.

Based on the available scientific evidence it can be concluded that PFBS does not meet the
criteria for classification as a carcinogenic substance.

Mutagenicity

The Annex XV report acknowledges that no evidence of genotoxic or mutagenic effects of PFBS
have been found. This complete lack of evidence inherently precludes hazard classification as a
mutagen.

Focus on potential for mutagenicity category 1A and 1B classification
- EC No. 1272/2008: Classification — Mutagenicity, Category 1A
Substances known to induce heritable mutations in the germ cells of humans.

The classification in category 1A is based on positive evidence from human epidemiological
studies.

Annex XV Report: No evidence is provided that PFBS can induce heritable mutations in the germ
cells of humans

Response: The Annex XV report does provide not any positive evidence of inheritable mutations
in the germ cells of humans thus it does not qualify for Category 1A classification.

- EC No. 1272/2008: Classification — Mutagenicity, Category 1B





Substances to be regarded as if they induce heritable mutations in the germ cells of humans.
The classification in category 1B is based on:

a) positive result(s) from in vivo heritable germ cell mutagenicity tests in mammals; or

b) positive result(s) from in vivo somatic cell mutagenicity tests in mammals, in combination
with some evidence that the substance has potential to cause mutations to germ cells. It is
possible to derive this supporting evidence from mutagenicity/genotoxicity tests in germ
cells in vivo, or by demonstrating the ability of the substance or its metabolite(s) to interact
with the genetic material of germ cells; or positive results from tests showing mutagenic
effects in the germ cells of humans, without demonstration of transmission to progeny; for
example, an increase in the frequency of aneuploidy in sperm cells of exposed people.

Annex XV Report. The report acknowledges that there is no positive evidence for genotoxic or
mutagenic effects of PFBS (pp. 122). The report specifically notes that PFBS was not found to be
mutagenic to bacteria or clastogenic to Chinese Hamster Ovary-W-B1 cells under relevant test
conditions (pp. 111). Further the report also states PFBS did not induce any ROS or oxidative
DNA-damage in a liver cell line, HepG2, which had been observed for PFOA and PFOS (p. 111).

Response: Based on the Annex XV report, there is no positive evidence for genotoxic or mutagenic
effects of PFBS thus it does not qualify for category 1B classification.

Based on the available scientific evidence it can be concluded that PFBS does not meet the
criteria for classification as a mutagenic substance.

Toxicity to reproduction

The Annex XV report does provide data on reproductive toxicity, including a mouse prenatal study
and a rat two-generation reproductive study. The rat two-generation reproductive study showed no
evidence of adverse reproductive outcomes from PFBS exposure. The mouse prenatal study
reported that prenatal PFBS exposure increased a variety of adverse developmental outcomes in
the offspring, including a delay in perinatal growth, vaginal opening, disruption in thyroid
hormones and reduction in ovarian and uterine size at 200 and 500 mg/kg bw/day. However, the
study did not sufficiently preclude maternal toxicity as a contributing factor to these outcomes.
Further, the significant neonatal body weight reductions at 200 and 500 mg/kg bw/day were not
sufficiently precluded as the primary contributing factor to the previously described adverse
developmental outcomes.

Focus on potential for reproductive toxicity category 1A and 1B classification
- EC No. 1272/2008: Classification — Reproductive Toxicity, Category 1A

Known human reproductive toxicant.





The classification of a substance in reproductive toxicity category 1A is largely based on evidence
from humans.

Annex XV Report. The report cites a recent study (Huang et al., 2019) that reported a positive
association of prenatal exposure with the risk of preeclampsia and overall hyperextensive disorders
of pregnancy (HDP). The report noted that Huang et al. 2019 reported that preeclampsia was not
associated with PFOA and PFOS, which had been previously reported in the US-based C8 Health
Project. The report also states that “PFBS was measured in cord plasma and not maternal plasma
which may indicate a reverse causation since preeclampsia might affect liver and kidney functions
leading to less secretion of PFBS and more accumulation in the body.” (pp. 114)

The report also cites a birth cohort study (Chen et al., 2019b) that reported that prenatal PFBS
exposure had a significant positive association with waist circumference and waist to height ratio
in girls at 5 years of age. Further, the report states the study found that girls in the highest tertile
of PFBS concentrations had more fat mass, as well as higher body fat percentage, waist
circumference, and waist to height ratio compared to those in the lowest tertile. (pp. 114)

Response: The Annex XV report does provide data from two human studies on PFBS but these
studies alone have underlying design and analytical concerns that preclude them from providing
sufficient weight of evidence to scientifically justify that PFBS is a known human reproductive
toxicant.

In Huang et al. 2019, the authors directly acknowledge the study is a cross-sectional design in the
first statement in the methods section. The outcome data, maternal age, education level, pre-
pregnancy weight, and height was measured in the same time period as the exposure (cord blood
samples) was evaluated. This cross-sectional study design inherently has an incapacity to separate
the variables that affect the relationship between putative cause and effect thus there is no
definitive evidence that prenatal exposure to PFBS caused the preeclampsia outcome. The Annex
report correctly notes other cause and effect issues, including the primary exposure factor was
measured in cord blood, not maternal plasma, and preeclampsia can affect the secretion function
of the liver and kidneys which in turn may affect the secretion of PFBS into cord blood. It is for
these reasons; this study alone does not provide enough evidence that can lead to a strong
presumption that PFAS interferes with reproduction in humans.

The Chen et al., 2019b study investigated the association between eight PFAS compounds,
including PFBS, and reported a positive association between PFBS and waist circumference,
higher body fat percentage, waist circumference, and waist to height ratio. While this study does
control for temporality, i.e. the exposure measurement occurred before the outcome measurement,
there are certain issues with using this study alone as justification for a reproductive toxicity
category 1A classification. First, while the authors do control for prenatal confounders, they do
not sufficiently evaluate post-birth confounders. As the study’s exposure measurement at birth is,
on average, five years removed from the childhood adiposity-related outcome measurements, it
would have been critical for the study to evaluate potential residual confounding childhood
environmental factors that could underlie the reported positive associations.





Second, the study indicates the authors ran the same multivariable linear regression analysis on
each of the eight PFAS compounds without adjusting for multiple comparisons. The more PFAS
compounds that were evaluated using the same linear regression model, the more likely a
statistically significant positive association will be found in one of those regression models.
Further, compounding the multiple comparisons concerns, the authors do not provide enough
underlying mechanistic and biochemical evidence in the introduction or discussion that would
indicate that prenatal exposure to PFBS is more likely to be significantly associated with their
measured outcomes then the other PFAS compounds they simultaneously evaluated. As the Annex
XV report does not provide more human evidence of prenatal PFBS exposure being associated
with childhood adiposity, the Chen et al., 2019 study does not have sufficient complementary
evidence to validate its findings.

In summary, these two studies have inherent design and analytical concerns such that they
do not provide sufficient weight of evidence for classification for reproductive toxicity
category 1A.

- EC No. 1272/2008: Classification — Reproductive Toxicity, Category 1B
Presumed human reproductive toxicant.

The classification of a substance in reproductive toxicity category 1B is largely based on data from
animal studies. Such data shall provide clear evidence of an adverse effect on sexual function and
fertility or on development in the absence of other toxic effects, or if occurring together with other
toxic effects the adverse effect on reproduction is considered not to be a secondary non-specific
consequence of other toxic effects. However, when there is mechanistic information that raises
doubt about the relevance of the effect for humans, classification in category 2 may be more
appropriate.

Annex XV Report:. The report states that for a two-generation reproductive study conducted for
KPFBS (Lieder et al., 2009) “there was no clear evidence of adverse effects on reproduction,
fertility and lactation at the highest dose tested of 1000 mg/kg bw/day” (pp. 113). Further the
report also states, “no clear effects were observed in delivery and litter parameters (e.g.,
implantations, litter sizes, live foetuses, corpora lutea, and early resorptions)” (pp. 113). The report
does note a developmental NOAEL of 300 mg/kg bw/day based on body weight effects for males.
In the summary of reproductive toxicity, the report states “The two-generation reproduction study
with PFBS in rats demonstrate that PFBS has a low potential to produce effects on reproduction
or development in rats under testing conditions used.”

The report also describes a non-guideline mouse GLP-study conducted for PFBS (Feng et al.,
2017) that reported thyroid hormone disruption, delay in perinatal growth, vaginal opening and
first estrus cycle, and prolonged diestrus from a gestational day (GD) 1- GD 20 exposure at 200
mg/kg bw/day (pp. 113). Further, as reported, the study showed ovarian and uterine size, as well
as follicle and corpus luteum numbers were reduced in adult PFBS exposed offspring (pp. 113).
However, the Annex XV report stated that the study did not correlate the effects observed at 200





mg/kg bw/day and 500 mg/kg bw/day against the statistically significant decrease in perinatal body
weights of female offspring receiving the same dosages.

Lastly, according to the Annex XV report, the perceived level of concern for PFBS is considered
very high based on “effects on thyroid hormones together with deficits in perinatal growth,
pubertal onset and reproductive organ development in mice (pp.161)

Response: As noted in the Annex XV Report Lieder et al., 2009 did not show any significant
effects from PFBS exposure on female fertility and delivery parameters at doses up to 1000 mg/kg
bw/day. Also, as noted in the Lieder et al., 2009 study, litter size and average pup birth weight per
litter were not statistically significantly different from controls in any dose group. This study and
the Annex XV report indicates that PFBS does not affect fertility, and pregnancy outcomes.

The Feng et al., 2017 is the primary study in the Annex XV report justifying the perceived human
health hazard, as it reported certain adverse developmental outcomes from prenatal PFBS exposure
including thyroid disruption, delay in perinatal growth, vaginal opening, as well as reduction in
ovarian and uterine size. However, the study does report there were significant reductions in body
weight of the PFBS offspring at birth at 200 mg/kg bw/day, which continued throughout weaning
and into the adult periods. It was only at these high doses in which the adverse reproductive
outcomes were noted whereas there were no reported significant effects on any of the
developmental parameters at 50 mg/kg bw/day, which also showed no effect on pup weight loss.
As noted above, for Category 1B classification it is important to distinguish whether adverse
developmental outcomes are clearly toxic effects on reproduction or secondary non-specific
consequence of other toxic effects. Neonate body weight reductions could be attributed to maternal
toxicity outcomes, i.e. feeding behaviour, stress, and not a direct cause of prenatal exposure.
Reductions in body weight during critical periods of development could then lead to secondary
effects, such as the observed adverse developmental outcomes noted above, which may not be
directly linked to PFBS exposure. Maternal toxicity is an important parameter to consider as noted
in the regulations below.

“Development of the offspring throughout gestation and during the early postnatal stages can be
influenced by toxic effects in the mother either through non-specific mechanisms related to stress
and the disruption of maternal homeostasis, or by specific maternally-mediated mechanisms. In
the interpretation of the developmental outcome to decide classification for developmental effects
it is important to consider the possible influence of maternal toxicity.” (EC 1272/2008: 3.7.2.4.1)

As such, it is important to evaluate if maternal toxicity was sufficiently precluded in Feng et al.
2017 as a potential cause of the adverse developmental outcomes observed in PFBS-offspring. In
the Feng et al., 2017, the authors cite Lieder et al. 2009a for their dam dose selection noting Lieder
et al. 2009a “showed that BW, total protein levels, and kidney and stomach histology are
unaffected by doses of 200 mg/kg.” However, the Lieder et al. 2009a investigated PFBS-effects
on adult female rats whereas Feng et al., 2017 used ICR mice, without evaluating whether similar
outcomes, i.e. total protein levels, kidney and stomach histology were also unaffected by PFBS-
exposure. The Feng et al. 2017 authors noted there were no treatment-related differences in the





weight gain of the dams, in foetal loss or in abnormal behaviour but there was disruption of thyroid
hormone levels in the dams at 200 and 500 mg/kg bw/day. The maternal toxic response parameters
were not as comprehensive as required in a typical OECD prenatal guideline study, which also has
an evaluation of food consumption, water consumption, and gravid uterine weight, (OECD 414,
2018). Without a full assessment of these maternal outcomes in the ICR dams, the Feng et al. 2017
may not sufficiently preclude maternal toxicity as a potential primary contributor to the adverse
developmental outcomes in the offspring.

The Annex XV report does suggest thyroid hormone disturbances as the complementary
mechanism by which the observed developmental effects could be induced. Feng et al. 2017 does
report a reduction in serum 3,30,5-triiodothyronine (T3) and serum total thyroxine (T4) in newborn
(PND1) mice at 200 and 500 mg/kg bw/day and, as described previously, thyroid hormone
disruption was reported in the dams at the same doses. It is possible that decreases in thyroid
hormone levels in PFBS-dams led to decreases in thyroid hormone levels in PFBS-offspring,
which would suggest that the hormone disruption is just a secondary effect of maternal toxicity.
Maternal circulation is a primary source of thyroid hormones for the conceptus as noted in Feng
et al. 2017. Further, there is no supportive analysis linking the adverse developmental outcomes to
the pups’ thyroid hormone disruption, which are more likely attributed to the significant body
weight and growth retardation effects observed in the PFBS-offspring at 200 and 500 mg/kg
bw/day. The Annex XV report itself even notes that the study authors did not correlate the observed
developmental effects with the pup body weight reduction thus suggesting the mechanism of the
developmental outcomes is not definitive.

In summary, Feng et al. 2017 reports some evidence of adverse developmental outcomes from
prenatal PFBS-exposure in experimental animals though there are deficiencies in the study’s
methods and analysis that prevent it from sufficiently demonstrating that PFBS is a reproductive
toxicant. As Lieder et al., 2009 showed no evidence of adverse reproductive outcomes, and the
Annex XV report does not offer any other data of PFBS effects on reproductive outcomes, PFBS
should not be considered to meet the weight of evidence criteria for category 1B
classification.

Toxicity to reproduction: summary

Potassium PFBS has been tested in prenatal developmental toxicity study in rats (OECD TG 414)
at dose levels of 0, 100, 300 and 1000 mg/kg bw/day. Significant reductions in body weight gain
and feed consumption was observed at 1000 mg/kg bw/day. No signs of maternal toxicity were
reported at doses of 300 mg/kg bw/day and below. A NOAEL of 300 mg/kg bw/day for maternal
toxicity was indicated in this study. There was no effect of treatment on the number of live foetuses
or foetal viability, and no effect on foetal morphology (external, visceral or skeletal). Significant
reduction in foetal body weight (9%) was reported at 1000 mg/kg bw/day. A NOAEL of 1000
mg/kg bw/day for developmental toxicity was also indicated in this study because the reduction in
foetal body weights in the 1000 mg/kg bw/day treatment group was less than 10% of control value.
In a two-generation reproductive toxicity study (OECD TG 416) in rats administered 0, 30, 100,





300 and 1000 mg/kg bw/day of the test material, there was no evidence of adverse effects on
reproduction, fertility and lactation at the highest dose of 1000 mg/kg bw/day. The NOAEL for
reproductive toxicity in males and female P and F1 generations is 1000 mg/kg bw/day.

In another published study of lower reliability (Feng et, al, 2017 [Klimisch reliability 2])
reproductive function was investigated in mice. They reported an effect of treatment on
developmental landmarks in males, altered thyroid and sex hormone levels and reduced numbers
of ovarian follicles in adult offspring of treated dams. However, it should be noted that these data
are based on study cohorts of only 10 dams. The endpoints that report a difference following
treatment are known to have a high degree of variability and a greater cohort size would be required
to demonstrate a clear treatment related effect. Furthermore, the study employed only two dose levels,
which is considered to be a major deviation from the relevant test guideline (i.e. OECD TG 414) to establish
effect dose levels based on observed dose-response effects. This single non-GLP non-Guideline study
of lower reliability than the repeat dose, and reproductive toxicity studies available in the rat, lacks
scientific robustness, should be interpreted with caution, and should not serve as the basis for
classification as a substance considered toxic to reproduction/development.

Overall, based on these results, PFBS does not meet the criteria for classification as a
substance toxic to reproduction, development or lactation.

Severe neurotoxicity, endocrine-disrupting potential or effects that otherwise present an
unanticipated environmental health risk

Neurotoxicity - In the 28-day toxicity study in the rat (Primedica Redfield, 2001) it was reported
that the interpretation of a gender specific observation of increased latency of tail flick in male rats
from all treated groups (0, 100, 300 and 900 mg/kg bw/day) was uncertain, as there were no test-
material related effects on motor activity or audio/visual evaluations. However, in the subsequent
90-day study in rats no similar effect was noted at any tested dose level (0, 60, 200 and 600 mg/kg
bw/day), thereby demonstrating that the observations in the 28-day study were incidental to
treatment and not an indication of peripheral nephropathy or other neurotoxicity.

Endocrine disruption — data from the repeat dose toxicity studies (28-day and 90-day in rodents),
a prenatal developmental toxicity study in rats and a 2-generation toxicity study provide no
evidence for an adverse effect on the endocrine system. Detailed postmortem investigations
show no treatment related effects on organ weights and/or histopathology of adrenals, testes,
epididymides, ovaries and uterus with oviducts and cervix, mammary glands (with skin, female
rats only), pituitary, prostate, seminal vesicles, testes, thyroid/parathyroid, uterus, or vagina. In the
studies designed to investigate treatment related effects on reproduction, there was no effect of
treatment on mating or fertility parameters, ability to maintain pregnancy, foetal development,
parturition or nursing behaviour, and spermatogenic evaluation provided no evidence for an effect
of treatment on sperm production and function.





Based on these data, PFBS does not have the potential to cause severe neurotoxicity and does
not meet the criteria for categorisation as an endocrine disruptor.

Table 1 below summarises the data associated with each criterion required for persistent,
bioaccumulative, and toxic substances.

Available
Persistence data
(a) the degradation half-life in marine water is higher than 60 days; No data
No data
(only
(b) the degradation half-life in fresh or estuarine water is higher than 40 days; modelled
data without
verification)
(c) the degradation half-life in marine sediment is higher than 180 days; No data
(d) the degradation half-life in fresh or estuarine water sediment is higher than
120 days; No data
(e) the degradation half-life in soil is higher than 120 days. No data
Bioaccumulation
Does not
A substance fulfils the bioaccumulation criterion (B) when the bioconcentration meet
factor in aquatic species is higher than 2,000. criterion
Toxicity
Does not
meet
criterion
(a) the long-term no-observed effect concentration (NOEC) or EC10 for marine (based on
or freshwater organisms is less than 0,01 mg/l; [10 pg/L] assessih ent
’ ’ of available
data of
sufficient
reliability)?
(b) the substance meets the criteria for classification as carcinogenic (category 1A Does not
or 1B), germ cell mutagenic (category 1A or 1B), or toxic for reproduction meet
(category 1A, 1B, or 2) according to Regulation EC No 1272/2008; criterion

2 Marine medaka results were NOEC of 1 pug/L PFBS (Chen et al. 2018a). However, these results based on the use
of a solvent carrier (DMSO) during testing, when not necessary due to high water solubility of PFBS. Solvent
carriers should not be used unless it is necessary to deliver the experimental dose, due to limited water solubility.
PFBS is highly water soluble, thus a solvent carrier should not have been used. DMSO has the ability to actively
carry chemicals across membranes and is often used as a wildlife and human topical delivery system. Thus, these
results are biased low due to the use of solvent carrier during testing. Additionally, the marine medaka test was a
non-standard test procedures. Based on all of the deficiencies and quality limitations, the results of Chen et al.
(2018a, b, c and 2019) should have been scored as Klimisch 3 and should not be used in the PFBS Report because
they are of questionable quality and methodology issues (as compared against the OECD/OCDE 240 guidelines).





(c) there is other evidence of chronic toxicity, as identified by the substance
meeting the criteria for classification: specific target organ toxicity after repeated
exposure (STOT RE category 1 or 2) according to Regulation EC No 1272/2008.

Does not
meet
criterion

As evident from Table 1, there are either insufficient data or the data do not support the
classification of PFBS as a persistent, bioaccumulative and toxic substance (PBT) or as a

very persistent and very bioaccumulative substance (vPvB).

Table 2 below summarises the data associated with each propeosed criterion required for

persistent, mobile, and toxic substances.

Available
Persistence data
(a) the degradation half-life in marine water is higher than 60 days; No data
No data
(only
(b) the degradation half-life in fresh or estuarine water is higher than 40 days; modelled
data without
verification)
(c) the degradation half-life in marine sediment is higher than 180 days; No data
(d) the degradation half-life in fresh or estuarine water sediment is higher than 120
days; No data
(e) the degradation half-life in soil is higher than 120 days. No data
Mobility (no requirement for consideration in absence of P, vP establishment)
Meets
A substance fulfils the mobility criterion (M) when the lowest experimental log proposed
Koc (pH 4-9) <4.0 criterion
Meets
A substance fulfils the very mobile criterion (vM) when the lowest experimental proposed
log Koc (pH 4-9) < 3.0 criterion
Toxicity
Does not
meet
criterion
(a) the long-term no-observed effect concentration (NOEC) or EC10 for marine or (based on
freshwater organisms is less than 0,01 mg/l; [10 pg/L] assesstil ent
of available
data of
sufficient

reliability)?






(b) the substance meets the criteria for classification as carcinogenic, germ cell Does not

mutagenic, or toxic for reproduction (category 1A, 1B, or 2) according to meet
Regulation EC No 1272/2008; criterion
(c) there is other evidence of chronic toxicity, as identified by the substance Does not

meeting the criteria for classification: specific target organ toxicity after repeated meet
exposure (STOT RE category 1 or 2) according to Regulation EC No 1272/2008. criterion
Does not

(d) there is evidence of effects on or via lactation meet
criterion
. . Does not

(e) the derived no adverse effect level (DNEL) is <9 pg/kg/d (oral, long term, meet
general population) criterion
Does not

(f) the substance is a suspected endocrine disruptor meet
criterion

As evident from Table 2, there are either insufficient data or the data do not support the
classification of PFBS as a persistent, mobile and toxic substance (PMT) or as a very
persistent and very mobile substance (vVPVvM).

Read-across approach

The Annex XV report utilises read-across to perfluoroalkane sulfonic acids (PFSAs). PFBS, a C4
PFSA, has been compared to one shorter (Cl) and one longer (C8) substance PFSA,
trifluoromethane sulfonic acid and perfluorooctane sulfonic acid (PFOS), respectively. However,
the report presents no justification as to the suitability of this read-across approach. It provides no
evidence that the C1 or C8 substances are meaningful analogues for the assessment of hazard. The
crucial scientific aspects of read-across are missing from the Annex XV report. The report fails to
provide a structured assessment of the strengths and weaknesses of the proposed read-across in
line with ECHA recommendations (ECHA, 2017). It is therefore not possible to reach a conclusion
on whether or not the read-across may be considered scientifically acceptable. Based on a weight
of evidence approach, in many instances, the evidence used in the Annex indicates that shorter and
longer PFSA substances are not good analogues for hazard. For example, QSARs should be used
with caution because PFBS and PFAS are not well supported. Indeed, the report Annex cautions
the use of QSARs. The shorter chain PFAS (e.g., C4 PFBS) are not bioaccumulative in wildlife
species (birds, mammals, fish, invertebrates) in comparison to the longer chained C8 PFAS (e.g.,
PFOS). Furthermore, disparate elimination half-life values are cited, indicating that such read-
across cannot be justified for environmental, or human health fate considerations. Additionally,
the toxicological profile of longer chain substances is not suitably similar to enable such a read-
across approach to be justified. Indeed the Annex XV report recognises that “the potency seems
to be lower for PFBS than for the C6 or C8 counterparts for several of the endpoints™. Scientific
evidence demonstrates that PFBS is less potent — to the extent that probable serious effects cannot





be established. Indeed, PFBS is not classified as hazardous in terms of repeated-dose toxicity,
carcinogenicity, mutagenicity or reproductive/ developmental toxicity. Additionally, there is
insufficient scientific evidence indicating that endocrine disruption, immunotoxicity or
neurotoxicity effects could be considered either “probable” or serious to the extent of reaching a
level of concern equivalent to that of CMR (category 1A and 1B substances).

Supply considerations

The Annex XV report acknowledges that “the manufacture and use of PFBS is limited compared
to the related substances” (p 22). Indeed, a number of the substances included in the group, and
detailed in the Annex XV report have not been registered under REACH, indicating that any
potential supply of these substances will be <1 tpa, per entity. Of the substances that are registered,
there are a limited number of registrants who appear to have registered at low tonnage levels as
reflected in the scarcity of available scientific information on the substances within scope of the
Annex XV report itself.

Registered uses are limited to industrial use. There are no consumer or professional uses and no
article service lives. Additionally in some cases, substances are registered as intermediates used
under strictly controlled conditions. Collective consideration of the level of supply and scope of
substance uses (limited to industrial uses), indicates that the PFBS substance group represent a low
overall EU volume and their uses are not widely dispersed.

Legal considerations

In connection with the recent agreement on the SVHC identification of HFPO-DA (2,3,3,3-
tetrafluoro-2-(heptafluoropropoxy)propionic acid, its salts and its acyl halides (covering any of
their individual isomers and combinations thereof) under Article 57(f) REACH the Finnish
member of the Member State Committee (MSC) noted that the question as to whether Persistent,
Mobile and Toxic (PMT) substances meet the criteria of equivalent concern is “new in the
context of SVHC identification” and “it has not been possible to sufficiently resolve all the
issues in the time available during the MSC process.” For that reason, the Finnish member
decided to abstain from voting in favor of the SVHC identification of HFPO-DA. See Final
Minutes of the 65th Meeting of the Member State Committee (MSC-65) 24-27 June 2019, at
page 23

As the EU Courts have held the ECHA must, in the context of any scientific assessment, comply
with the principles of scientific excellence and transparency. Plastics Europe v. ECHA, Case
T-636/17 (20 September 2019), at Paragraph 151. As such there must at a minimum be a
consistent and foreseeable approach for identifying substances as PMTs. Cf. Paragraph 150.
The other categories of substances that have been identified under Article 57(f) as being of
equivalent concern have established identification criteria. The criteria leading to the
classification of a substance as a respiratory sensitiser, for example, are clearly set out in
Regulation (EC) No 1272/2008 (CLP). In the case of endocrine disruptors, the ECHA could at





least rely on the 2014 Joint Research Centre (JRC) definition when it listed Bisphenol A. In the
case of PMT substances there are neither established criteria nor a consistent approach to
identifying such substances. Significant questions remain as to the degree of mobility that leads
to an equivalent concern. And, as the UK member of the MSC noted in the HFPO-DA case,
“toxicity is a very relevant consideration” to whether there is sufficiently compelling ‘scientific
evidence of probable serious effects on human health or the environment which give rise to an
equivalent level of concern (ELoC) to those of other substances listed in Article 57 (a) to (e)’.
Minutes MSC-65 at page 23. Stated otherwise — if a substance is not demonstrably toxic in a
relevant hazard category or with a high potency then it is questionable whether it should be
considered to pose a “very high” concern. As the foregoing comments establish there is No clear
evidence that PFBS is significantly toxic in either aquatic or mammalian studies to warrant its
inclusion as an SVHC under Article 57(f) REACH.

As the UK member of the MSC also pointed out PMT substances to not share the same concerns
as vPvB substances which is the closest analogy in the defined SVHC categories under Article
57 REACH. Id. The properties of vPvB substances can limit the ability of laboratory studies to
identify relevant effects due to either slow uptake or adsorption to surfaces. The vPvB
designation is therefore a surrogate for the likelihood of unpredictable toxic effects in the food
chain. In contrast, the solubility of PFBS means it is amenable to standard regulatory toxicity
tests. Where substances such as these are demonstrated not to bioaccumulate significantly and
their toxicity has low potency, unexpected effects in food chains would appear much less likely.

In short, we echo the concerns raised by both the Finnish and the UK member of the MSC in the
HFPO-DA case. We suggest that further technical discussion on the question of the criteria to
identify PMTs as ELoC substances is needed before an SVHC identification is made. Such further
discussion are necessary to ensure that regulatory precedents are based on a fair and consistent
appraisal of the best available scientific evidence, and that the policy goals are clearly
communicated as part of the decision making.

Conclusion

In conclusion, this report has demonstrated, through substantive scientific reasoning that the
elements for concern, as postulated in the Annex XV report, cannot be justified to the extent
required in the determination of a substance as an SVHC according to the requirements of Article
57(f) of Regulation (EC) 1907/2006. Specifically, it has been shown that there is insufficient
“scientific evidence of probable serious effects to human health or the environment which give
rise to an equivalent level of concern to those other substances listed in points (a) to (e)”, since:

e Read-across to shorter (C1) and longer (C8) chain perfluoroalkane sulfonic acids
(PFSAS) is not justified. In many instances, the evidence used in the Annex indicates that
shorter and longer PFSA substances are not good analogues for hazard or behaviour
predictions.





The PFBS report does not provide any PFBS-specific data to support the conclusion that
PFBS fulfills the criterion required to be classified as persistent (P) or very persistent
(vP), making subsequent mobility considerations, under proposed PMT criteria
redundant.

Neither PFBS, nor any of its salts, have been identified as substances registered under
REACH that could fulfil the proposed PMT/vPvM criteria, in a preliminary assessment.
The current monitoring data does not appear to support the conclusion that there is “high
potential for wide geographic scale contamination” of PFBS. Measured environmental
PFBS concentrations are scarce and low.

The PFBS report does not provide sufficient evidence of long-range transport of PFBS. It
is impossible to distinguish between the long-range transport of PFBS and local uses of
PBFS.

PFBS does not meet the environmental bioaccumulative criterion. Its bioaccumulation
potential in human is considerably low compared to other perfluoroalkyls.

The PFBS report contains no scientifically valid data which would support an
environmental classification. Effect levels from reliable studies are significantly higher
than the generic cut-off levels for classification.

Based on an assessment of available data, PFBS does not meet the criteria for
classification as a carcinogen, mutagen or reproductive/developmental toxicant (category
1A, 1B, or 2).

Based on an assessment of available data, PFBS does not meet the criteria for
classification as a substance toxic to lactation, and does not require classification for
specific target organ toxicity following repeated exposure.

Based on an assessment of available data, PFBS does not have the potential to cause
severe neurotoxicity and does not meet the criteria for categorisation as an endocrine
disruptor.

Measured PFBS concentrations in the environment, and in the human body are far lower
than the effect levels determined in reliable (eco)toxicity studies.

The manufacture and use of PFBS is limited. the PFBS substance group represent a low
overall EU volume and their uses are not widely dispersed.
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Re: Comments on the SVHC proposal for PFBS
Dear Sirs,

We are representing Lanxess Deutschland GmbH, the registrant of Perfluorobutane sulfonic acid
(PFBS) and its salts (‘PFBS”).

We welcome the opportunity to provide comments, on behalf of Lanxess Deutschland GmbH, to the
proposal for identification of PFBS as a substance of very high concern (‘SVHC”) (‘Report’) submitted
by Norway on August 5, 2019.

I. General remark: insufficient data

First of all, we express our surprise because the Report could not be foreseen. PFBS is registered in a
tonnage band 10-100 t, for which long term or repeated dose toxicity/ecotoxicity studies are not a
standard information requirement. Thus, no relevant data are available. The main study mentioned in
the Report to justify the fulfillment of the ‘T’ criterion and also to demonstrate endocrine disruption
concerns is the Chen et al. study (2018, 2019). However, in our view and as further developed in
Appendix 1, the results of this study are contradictory and highly questionable.

In our view, relevant data must be gathered first by the authorities, for example by way of a substance
evaluation procedure pursuant to Article 44 et seq REACH. In general, substance evaluation should
precede any Annex XV reports in case that available data are not conclusive to establish the concern.
Thus, we propose that ECHA first launches a substance evaluation procedure which could potentially
require the registrants to carry out a chronic fish toxicity study according to available guidelines.

In this respect, we note that despite the fact that the EU institutions have broad discretion in their
decision making, such discretion has significant limits. In Case Balbiana 689/13, the EU General Court
held that “the broad discretion of the EU authorities, which implies limited judicial review of its
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exercise, applies not only to the nature and scope of the measures to be taken but also, to some extent,
to the finding of the basic facts. However, even though such judicial review is of limited scope, it
requires that the EU authorities which have adopted the act in question must be able to show before the
EU Courts that, in adopting the act, they actually exercised their discretion, which presupposes the
taking into consideration of all the relevant factors and circumstances of the situation which the act
was intended to regulate.”

In our view, pursuing SVHC listing on the basis of the available data to date would constitute a manifest
error of assessment and would result in the breach of the EU Law principles of legitimate expectation
and good administrative practice. It would also frustrate the objectives and purpose of substance
evaluation and preclude the rights that registrants would have under the substance evaluation procedure.

1I. Fulfilment of the Article 57(f) criteria for candidate listing

Article 57(f) REACH provides that the following substances may be identified as SVHC:

“(f) substances — such as those having endocrine disrupting properties or those having

persistent, bioaccumulative and toxic properties or very persistent and very bioaccumulative
properties, which do not fulfil the criteria of points (d) or (e) — for which there is scientific
evidence of probable serious effects to human health or the environment which give rise to an
equivalent level of concern to those of other substances listed in points (a) to (e) and which are
identified on a case-by-case basis in accordance with the procedure set out in Article 59.”

Thus, for the Substance to be identified as SVHC under Article 57(f) REACH, two cumulative
conditions must be fulfilled:

1. There must be scientific evidence of probable serious effects to human health or the
environment, and
2. Such effect must give rise to an equivalent level of concern to those of substances listed

in points (d) to (e), i.e. PBT or vP and vB substances.
These conditions are further elaborated below.
1) Scientific evidence of probable serious effects to human health or the environment
The Report is based on the following key concerns:

e High persistence (meeting the vP criteria)
e Mobility in the environment
e Toxicity

In our view, (very) persistent and mobile substances as such would not be liable to cause ‘probable
serious effects to human health or the environment’ as these properties relate to the fate in the
environment, rather than to intrinsic hazard properties. In addition to these properties, a substance must
have a hazard potential to cause serious effects to human health or the environment. On this point, the
Report states that ‘severe effects have been observed for fish’. However, this conclusion is based solely
on the Chan et al. study that is contradictory and scientifically highly questionable. (as further developed
in Section I.1. of Appendix 1). In addition, the registration dossier of PFBS includes Hagenaars et al
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(2011) study that has not been properly assessed in the Report. This study is highly relevant for the
verification of the validity of the Chen study (please see Section [.2. of Appendix 1 for more details).

For environment, the Report also observes endocrine disrupting effects relating to thyroid hormone
disturbances observed in fish. However in our view PFBS does not fulfil the WHO/IPCS definition of
an endocrine disruptor and should not be treated as a potential endocrine disruptor in the environment
under REACH. Please see Appendix 2 for further justification on this point.

For human health, the Report observes endocrine disrupting effects relating to thyroid hormone
disturbances observed in mice and effect observed on the liver, kidney, haematological system and
thyroid hormones in rats. However, in our view, also these observations are questionable because of
the following reasons:

In a recent study', the thyroid hormone level measurements in in vivo studies are critically evaluated
and the authors concluded:

“Recently several OECD test guidelines were updated to include thyroid hormone
measurements for assessing endocrine disruptor potency, which led to an imperative need to
align interpretation of these results by the different stakeholders. We therefore evaluated 124
repro screening studies, which showed in 38% of the studies a statistical significant finding for
T4 in at least one treatment group, probably due to disturbances of normal homeostasis causing
high variation. Consequently, for a thorough evaluation it is extremely important to take the
historical control range into account. In conclusion, the current testing approach is not
providing specific information needed to assess endocrine disruption, as too often a statistical
significant finding is noted and as down-stream adverse effects are not evaluated. Therefore,
major modifications are urgently needed. Instead of extending the in vivo experiments, it should
be investigated if in vitro assessments will provide more relevant information on human
endocrine disruptor potential. *

Overall, the evidence for possible endocrine properties of PFBS is questionable, because reduced T3
and T4 hormone levels are observed in vivo only in sub-acute studies at high doses without any effect
on thyroid weight and in vitro studies do not support that PFBS acts via an endocrine pathway.

Thus, we conclude that based on the available studies, the Report does not provide evidence of probable
serious effects to human health or the environment.

2. Equivalent level of concern to PBT or vP and vB substances

Even if PFBS could be considered as having probable serious effects to human health or the
environment from its mobility in the environment, such serious effects would in addition have to give
rise to an equivalent level of concern to PBT or vP and vB substances. For this assessment, it is first
necessary to define concerns related to PBT or vP and vB substances, and then to compare them to the
concerns related to PFBS.

' Beekhuijzen et al., Reproductive Toxicity (2019) in press, “A critical evaluation of thyroid hormone

measurements in OECD test guideline studies: Is there any added value?”
https://www.sciencedirect.com/science/article/pii/S0890623819301339?dgcid=raven_sd_aip_email
[sciencedirect.com]
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At the outset, we reiterate that the available data do not demonstrate the concern related to intrinsic
hazardous properties of PFBS (related to the ‘T’ concern). Thus, in the present Section, we will only
focus on the concerns related to the P and B properties, and in particular, we will focus on whether
persistent and mobile substances that are not bioaccumulative can be considered of equivalent concern
as persistent and biocaccumulative substances.

a) Concerns related to PBT/vPvB

First of all, it is rather straightforward that the main concern of PBT/vPvB substances lies in the
combination of all elements, including the B element. This is confirmed by the fact that Article 57(f)
REACH applies primarily to substances ‘having persistent, bioaccumulative and toxic properties or
very persistent and very bioaccumulative properties’ which do not fulfil the Annex XIII REACH
criteria.

This said, Article 57(f) REACH does not provide an exhaustive list of substances that may be considered
under its ambit. Thus, in principle, the B criterion could be replaced by another element of concern,
provided, however, that the concern remains equivalent to PBT/vPvB.

The Report defines three general concerns related to PBT/vPvB substances, in line with the text of the
ECHA Guidance on Information Requirements and Chemical Safety Assessment Chapter R.11:
PBT/vPvB assessment? (‘PBT/vPvB Guidance’):

“Experience with PBT/vPvB substances has shown that they can give rise to specific concerns
that may arise due to their potential to accumulate in parts of the environment and

[ that the effects of such accumulation are unpredictable in the long-term, (1)
7 such accumulation is in practice difficult to reverse as cessation of emission will not
necessarily result in a reduction in substance concentration.” (2)

In addition, the Report mentions the following statement in the Guidance as a third criterion:
“furthermore, PBT or vPvB substances may have the potential to contaminate remote areas that should
be protected from further contamination by hazardous substances resulting from human activity
because the intrinsic value of pristine environments should be protected”. (3)

In the following Section, we will compare these general concerns with the concerns related to PFBS.

b) Equivalent concern with PBT/vPvB

The Report provides that:

“PFBS with its high persistence, high mobility and long range transport potential matches very
well with the guidance description above. ” (i.e. with the three points above).

However, the first two criteria both mention accumulation as the key criterion of concern. Since the
Substance is not bioaccumulative, the first two criteria are not fulfilled.

2 https://echa.europa.eu/documents/10162/13632/information_requirements_r11_en.pdf/a8cce23f-a65a-46d2-

ac68-92feelf9e54f




https://echa.europa.eu/documents/10162/13632/information_requirements_r11_en.pdf/a8cce23f-a65a-46d2-ac68-92fee1f9e54f

https://echa.europa.eu/documents/10162/13632/information_requirements_r11_en.pdf/a8cce23f-a65a-46d2-ac68-92fee1f9e54f
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On this point, the Report is justified as follows (emphasis added):

“Cousins et al. (2019) reflect on this type of concern in a more general manner for compounds
that are highly persistent and poorly adsorb to organic matter and sediments. They even
demonstrate that if a chemical is highly persistent, its continuous release will lead to
continuously increasing contamination irrespective of the chemical's other physical— chemical
properties. It is argued that the increasing concentrations will result in increasing probabilities
of the occurrence of known and unknown effects and that, once adverse effects are identified,
it will take decades, centuries or even longer to reverse. (...)

The environmental concentrations of PFBS will increase if the use and emissions continue.
Because of its high long-range transport potential, due to the high persistency and high mobility
in water, remote areas and pristine environments will also experience increasing PFBS levels.

(...)

Persistent and bioavailable substances, if either mobile or bioaccumulative, would seem to
share the same concern for the development of high internal concentrations which may trigger
effects. The continuous exposure, high mobility in water, no removal of PFBS from the
environment and the enrichment in plants may ensure a continuous exposure via drinking water

and diet. (...)

1t has been estimated that substances with a low bioaccumulation potential could potentially
reach similar levels in biota as substances that are known to bioaccumulate, provided that they
are sufficiently persistent and mobile in the environment and when considering a longer time-
scale.”

Thus, the Report seems to be built on the following key argument: mobile persistent substances,
similarly to bioaccumulative persistent substances, increase their concentration in the environment as
long as the emissions continue. This is documented by the statement that PFBS accumulates (i.e.
increases its concentration) in surface water, including in remote areas.

However, in our view, this argument is not correct. Continuous exposure and accumulation in surface
water (as long as the emission continues) is not an additional concern that could possibly justify the
lack of the B element. Rather, it is an inherent property (fate) of all persistent substances as such.

The fact that the M element is already included in the P element is confirmed in the Guidance:

“If monitoring data, used as part of a Weight-of-Evidence analysis, show that a substance is

present in remote areas (i.e. long distance from populated areas and known point sources, e.g.
Arctic sea or sub-Arctic/Arctic lakes in Scandinavia), it may be possible to conclude a
substance as PorvP”. (...) For example, findings of significant concentrations of the substance
under consideration in remote and pristine environments such as the Arctic sea or Alpine lakes
need to be scrutinized carefully as there may be evidence of high persistence. (...) If such
evidence indicates that the substance may be persistent, further investigations are required.”
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In order to further justify the Report, the dossier submitter developed additional arguments laid down
in Table 40 of the Report. This table is elaborated in analogy with the existing Article 57(f) REACH
Guidance, such as the ECHA paper ‘Identification of substances as SVHCs due to equivalent level of
concern to CMRs (Article 57(f)) — sensitisers as an example’>.

On the outset, we note that the Table 40 justification has one element in common: it emphasizes the fact
that the Substance leads to (increasing) exposure and contamination of the environment. However, it
does not provide any justification why these facts would lead to similar concern as PBT/vPvB.

In the first criterion ‘Irreversibility of the exposure of wildlife and man via the environment’, the Report
states that “exposures are not expected to decrease upon cessation of releases because of the high
persistence of the substance”.

In our view this statement is hypothetical. We have data from an OECD 301E study (Annex XV Report
page 34) showing a degradation of 14 %. Considering this data a decrease of exposure might be possible
over the years. In addition, in our view the occurrence in the environment or in drinking water does not
pose a risk. A quantitative assessment done by our experts (please refer to Section II of Appendix 1)
shows Risk characterization Ratios below 0.1.

Similarly, under concern ‘Potential to continuous increase of exposures’, the Report provides: “the
continuously increasing pollution stock (see above), will lead to increasing internal exposures and a
high likelihood of reaching levels which would cause effects. The whole released mass of the substance
will be continuously bioavailable .

However, this concern is inherent to any persistent and bioavailable substance. The concern with PBT
and vPvB substances is that, in addition, they are bioaccumulative.

Furthermore, the alleged ‘increasing internal exposures’ is just a speculation without any data to prove
the ‘increasing’ element. In the Section ‘potential to continuous increase of exposures’, the Report
only mentions the inefficiency and high costs of decontamination and remediation techniques. This
suggests release, but not an increase of exposure. Further data and research are necessary on this point.

Other concerns listed in Table 40 are a combination of the concerns mentioned above.

The fact that the B criterion cannot be excluded completely from the Article 57(f) assessment is also
confirmed in the previous July 2007 version of the ECHA Guidance on the preparation of an Annex XV
dossier for the identification of substances of very high concern.*

As regards ‘similar concern as PBT/vPvB’ this Guidance always mentions substances with PBT or
vPvB properties (although not fulfilling the Annex XIII criteria) for which additional concerns should
be taken into consideration, such as other evidence of the B properties than Annex XIII data (such as
field measurements). This Guidance also reads:

3 https://echa.europa.eu/documents/10162/13657/svhe_art 57f sensitisers_en.pdf/a50728cc-6514-486¢-9108-
193a88b4bc9e

http://www.fertilizerseurope.com/fileadmin/user_upload/user_upload prodstew/documents/
Guidance_for_the preparation_of an_Annex XV_dossier on_the identification of substances of very hi

gh_concern.pdf




https://echa.europa.eu/documents/10162/13657/svhc_art_57f_sensitisers_en.pdf/a50728cc-6514-486c-9108-193a88b4bc9e

https://echa.europa.eu/documents/10162/13657/svhc_art_57f_sensitisers_en.pdf/a50728cc-6514-486c-9108-193a88b4bc9e

http://www.fertilizerseurope.com/fileadmin/user_upload/user_upload_prodstew/documents/Guidance_for_the_preparation_of_an_Annex_XV_dossier_on_the_identification_of_substances_of_very_high_concern.pdf

http://www.fertilizerseurope.com/fileadmin/user_upload/user_upload_prodstew/documents/Guidance_for_the_preparation_of_an_Annex_XV_dossier_on_the_identification_of_substances_of_very_high_concern.pdf

http://www.fertilizerseurope.com/fileadmin/user_upload/user_upload_prodstew/documents/Guidance_for_the_preparation_of_an_Annex_XV_dossier_on_the_identification_of_substances_of_very_high_concern.pdf
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A further example of a substance that could be considered as being of equivalent concern is
where one of the PBT or vPvB criteria is marginally not fulfilled but the other criteria are
exceeded considerably, and there is other evidence to suggest that the substance gives rise to
an equivalent level of concern such as a potential for long-range transport.

However, here, the B criteria has not been fulfilled at all. In addition, the T element is not exceeded
considerably, to the contrary (please see above).

I11. Extension of the Scope of REACH

As a concluding remark, in our view, these argumentation flaws of the Report are also due to the fact
that no M criteria have been defined under REACH as yet, including the circumstances under which
the M criterion (harmless in principle) should be considered of equivalent concern. This is contrary to
the P and B criteria that are laid down in REACH directly (Annex XIII) and there is a comprehensive
Guidance document. Overall, it would appear that when drafting REACH, the EU legislator has made
the choice to consider under the SVHC regime only those persistent substances that bioaccumulate,
rather than persistent substances as such. Thus, the Report would appear to unlawfully extend the scope
of REACH.

IV. More proportionate measures are available

Overall, any measure imposed by the authorities in the EU must be in line with the EU principle of
proportionality. According to the established case-law of EU Courts, the principle of proportionality
requires that measures adopted by the EU authorities do not exceed the limits of what is appropriate and
necessary in order to achieve the objectives legitimately pursued by the measure in question. When
there is a choice between several appropriate measures recourse must be had to the least onerous, and
the disadvantages caused must not be disproportionate to the aims pursued.

If the contamination of surface water is of concern with respect to PFBS, a more appropriate measure
would be to regulate PFBS under Directive 2000/60 establishing a framework for Community action in
the field of water policy.® In our view, this Directive should be considered as a lex specialis to REACH
as far as pollutants in surface water are concerned. Its Annex VIII already includes an indicative list of
the main pollutants, including ‘persistent hydrocarbons and persistent and bioaccumulable organic toxic
substances’. This list should be extended and measures taken accordingly.

V. Conclusion

Based on the available data, PFBS and its salts do not fulfil either of the two cumulative criteria set out
in Article 57(f) REACH, i.e. there is no scientific evidence of probable serious effects to human health
or the environment, and there is no effect that gives rise to an equivalent level of concern to those of
PBT or vP and vB substances. Since the data available is not conclusive, ECHA should launch a
substance evaluation procedure to clarify the concern before starting regulatory scrutiny. Failing to do
so constitutes a breach of the EU Law principles of legitimate expectations and good administrative

5 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02000L0060-20141120&qid=
1570445595926 & from=EN




https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02000L0060-20141120&qid=1570445595926&from=EN

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02000L0060-20141120&qid=1570445595926&from=EN
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practice, frustrates the objectives and purpose of substance evaluation and thereby cuts short the rights
of registrants.

More importantly, the migration (M) element is inherent to the P element, it is not a standalone concern,
let alone a concern that is equivalent to the B element. Should the EU legislator wish to define a new
‘PMT’ category of substances, this can only be done by amending Article 57 REACH with a new
category of SVHC. It would appear that when drafting REACH, the EU legislator has made the choice
to consider under the SVHC regime only those persistent substances that bioaccumulate, rather than
persistent substances as such. Thus, the Report would appear to extend the scope of REACH.

For all these reasons, the Report should be withdrawn.

Yours sincerely,

Ursula Schliessner Ales Bartl

EUI-1205420912v4





Appendix 1

l. Assessment of the T-assessment in the Report

The Report page 146, states that:

“The ecotoxicological data showing developmental effects in fish (reduced body weight and
length (NOEC of 1.0 ug/L); delay in hatching (LOEC 1.0 ug/L); reduced egg production
(NOEC 1.0 ug/L); and a skewed sex ratio (NOEC of 2.9 ug/L)) are considered to fulfil the T
criteria for the environment of Annex XllI of REACH (i.e. NOEC or EC10 for marine or
freshwater organisms less than 10 ug/L). The conclusion is supported by demonstrated
effects on the visual system of marine medaka with a NOEC 1.0 ug/L, as well as dysbiosis of
gut microbiota in the same fish following PFBS exposure.”

Set forth below are arguments challenging these findings.
1. Relevance of the publication used in the Report for the T assessment

A) Chen et al 2018a

(i) Compliance with OECD guidelines

The publication has neither been performed according to nor it is equivalent to an
internationally or nationally accepted guidelines. Important information required by
OECD guidelines is missing. Validity criteria need to be clearly described in reliability 1
or 2 studies and it should be clearly described if they are fulfilled or not. If this is not the
case the results of the study are questionable. The following table gives an overview of
the reporting requirements of a chronic fish test in comparison to the study by Chen et al
2018a. GLP has not been applied:

Reporting requirement for a fish early life stage study (from Data from Chen

OECD 210) et al 2018a

Evidence that controls met the overall survival acceptability | No data

standard of the test species. presented

Data on mortality at each stage (embryo, larval and juvenile) and | No data

cumulative mortality. presented

Days to hatch numbers of larvae hatched each day and end of | No data

hatching. presented

Number of healthy fish at end of test. No data
presented

Data for length (specify either standard or total) and weight of | No data

surviving animals. presented

Incidence, description and number of morphological | A number of sub-






abnormalities, if any.

lethal parameters
is presented

Incidence, description and number of behavioural effects, if any.

No data
presented

Approach for the statistical analysis (regression analysis or
analysis of the variance) and treatment of data (statistical test or
model used).

Data presented

No observed effect concentration for each response assessed
(NOEC).

No NOEC or
EC10 presented;
cannot be derived
on the basis of
the data.

Lowest observed effect concentration (at p = 0.05) for each
response assessed (LOEC); ECx for each response assessed, if
applicable, and confidence intervals (e.g. 90% or 95%) and a
graph of the fitted model used for its calculation, the slope of the
concentration-response curve, the formula of the regression
model, the estimated model parameters and their standard errors.

Only the variance
between
replicates can
roughly be
assessed from
the figures.

It is well known that information from the scientific literature is typically less reliable than
that from a standard GLP test. However, in this case the table indicates that the Chen et
al 2018a publication misses substantial and relevant information which is needed for the

assessment of the T criterion.

(i) Chronic effects in fish

In addition to the questionable reliability, the publication is not relevant for assessing the
chronic effects in fish. The following sections of the Chen et al 2018a referred to in the

Report are critically analysed:

a. Delay in hatching: Chen et al 2018a provides that (page 4436): “Although PFBS
exposure of FO eggs did not influence the hatching percentage at 15 dpf, the
hatching success of F1 larvae was significantly delayed at 1.0 ug/L exposure group
following parental PFBS exposure (Figure 2F), which is intriguingly concordant with

T3 and TBG abnormalities.”

No data is presented underlying the delayed hatching in F1 larvae including
concentration effect relations. It can however be stated that a statistically relevant
effect for the hatching success was found at the lowest test concentration of 1 pg/L
(Fig. 2 (F), marked with an asterisk). A reading of Figure 2 indicates that the hatching
success is increasing, when the concentrations are being increased. When at the
highest test concentration, the hatching success was at the same magnitude as in
the control group. From a scientific point of view, these findings are unexplainable,
and consequently no explanation is given by the authors or by the Report.
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Figure 2. Thyroid hormone levels in F1 marine medaka eggs (A, T3; B, T4) and in F1 larvae (C, T3; D, T4); TBG contents (E), hatching
percentage (F), and transaription of thyroid genes (G) in F1 larvae after parental life-cycle exposure to various concentrations of PFBS (0, 1.0, 2.9,
and 9.5 ,ug/L}. Data represent the mean + SEM of three replicates. *P < 0.05 and **P < 0.01 indicate significant differences between the exposure
and control groups. In the gene transcription heat map, green indicates down-regulation, while red indicates up-regulation. Color intensity represents
the extent of the changes.

The authors claim that delayed hatching in F1 can be intriguingly underlined by T3
und TBG concentrations in F2 larvae. Data is presented in the publication under
Figure 4.

It remains to explain how any concentrations measured in F2 larvae are linked to
potential delayed hatching in F1. A further reading of Figure 4 shows that the lack of
concentration effect relation and a significant effect can be seen for T3 in F2 larvae,
which goes in parallel to the findings for T3 in F2 eggs with no significant effects.
Also the findings of TBG concentrations in F2 larvae do not support the conclusion of
the authors — i.e., the lowest test concentration is linked to a higher TBG
concentration compared to the control, but higher test concentration leads to a
decreased TBG. At the highest test concentration, the level is the same as in the
control.
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Conclusion on delay in hatching: Apart from a side remark of the authors, the data

presented does not prove a significant effect for delay in hatching. Moreover, part of
the data appear contradictory and does not support the conclusion of the Report.

Reduced body weight and length: Chen et al 2018a reads that (page 4437):
“Paternal exposure to 9.5 ug/L PFBS led to decreased body weight of F1 male and
female adults relative to the control. F1 adults derived from exposed parents also

showed decreased body length.

No data is presented underlying this statement. No concentration effect relations are
given.. The methods how these parameters have been obtained are not described
and the statistical analysis is not available. OECD test guideline 210 states: “At the
end of the test, all surviving fish are weighed at least on a replicate basis”. It remains
unclear how F1 adults were weighed. Moreover, the duration of the exposure to the
tested substance is not given. Therefore, a substantial evaluation of this statement is
not possible based on this publication, in particular, the derivation of a PNEC or

EC10.





c. Reduced egg production:
No information related to reduced egg production could be found in the publication.

d. Skewed sex ratio:
This parameter is not relevant for the assessment of the T criterion. It is not
mentioned in any test guidelines for chronic effects in fish.

e. Unusual test system

O. melastigma is an unusual fish species not mentioned in the list of recommended
fish species for chronic fish test guidelines. OECD 210 test guideline recommends
only two marine fish species — i.e., Cyprinodon variegatus or Menidia sp. In general,
the scientific experience with chronic effects on marine fish is very limited. Chen et
al. 2018a described the maintenance conditions with a temperature of 24+-0.5°C.
However, optimum temperature for O. melastigma is significantly higher, 28+-1°C
(Dong et al 2014), which might lead to additional stress of fish.

B) Chen et al 2018b

The publication describes rather special sub-lethal effects of PFBS to the visual system of
marine Medeka. The relevance of the effects (eye weight and eye water content of adult fish)
for the evaluation of the T criterion remains unclear. In addition, the effects reported in Chen
at al(2018b), Fig. 1, are questionable:
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C) Chen et al 2018c

The Report derived a NOEC of 2.9 ug/L based on mortality of F1 larvae. These results are
based on a diagram (Fig. 4 in the publication). The left figure (e) shows the mortality
depending on the concentration of PFBS. Although the mortality at 2.9 ug/L appears to be
statistically significant, there is no clear dose response as the higher concentration at





9.5 ug/L shows decreasing mortality. Furthermore, the measured concentrations of PFBS in
F1 eggs (right, f) show a linear trend. Although the increase in concentration in F1 eggs is
logical, the mortality effect is still contradictory. Obviously, the mortality effect is not based on
the tested substance PFBS.
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2. Further information for the evaluation of chronic effects to fish not taken into
consideration by the Report

Hagenaars et al (2011) published results from a test with Zebrafish reporting that for
Perfluoroctansulfonic acid (PFOS, CAS No. 1763-23-1) effects on hatching were observed
with a NOEC of 50 mg/L but no effects on hatching were observed after exposure to other
perfluorinated acids, including PFBS. The Annex XV dossier evaluated this publication as an
acute study. However, the publication covers also chronic effects after metamorphosis. The
authors claim their study as early life stage (ELS) test based on OECD 236 but with
prolonged duration, including metamorphosis (hatching of larvae). Thus, the results for
endpoint hatching rate, as also required by OECD 210, can be taken from this study.

3. Conclusion on the T criterion

ECHA Guidance on Information Requirements and Chemical Safety Assessment, Chapter
R. 11: PBT/vPvB assessment (June 2017) (“Guidance R. 11”)states that (page 92): “In
addition to data from standard toxicity tests, data from reliable non-standard tests and non-
testing methods may also be used if available. These data should be particularly assessed
for their reliability, adequacy, relevance and completeness”. A careful assessment of the
publications of Chen et al (2018a, 2019b and 2019c) cited above leads to the following
scientific conclusions:

e No information is provided whether validity criteria were fulfilled or not. Overall, the
results of this study are highly questionable.

e Apart from a side remark of the authors, the data presented does not prove a
significant effect for delay in hatching. Moreover, part of the data appears
contradictory and does not support the conclusion of the Report.





¢ Information taken for the Report, such as reduced body weight and length, is only
given as side remarks. No data is presented which could allow for a reliable
evaluation of these endpoints.

¢ Reduced egg production is stated as an endpoint in the Annex XV report, which was
however not supported by the publication.

The Report provides that (page 141): “Despite the fact that some studies are not conducted
according to OECD guidelines, or may not be considered highly relevant as standalone
studies, there is no reason to discard any study on the basis of reliability.”

This statement is in contrast with the requirements of Guidance R. 11, referred above. The
data of Chen et al is solely based on one experiment but the results are being published in
three articles. As shown beforehand, the Klimisch code 2 proposed by the Report is not
applicable to the publication Chen et al (2018a) which is considered the only one where
relevant endpoints are covered. For the endpoints body length and body weight, the
publication does not give any experimental details and for the endpoint hatching delay the
data are inconsistent and do not show the effect discussed by the Report.
Following the Klimisch scores, the documentation of the data is not sufficient for an
assessment and not convincing for an expert judgment leading to a Klimisch score 3.

As a result, the publications by Chen et al (2018a, 2018b, 2018c) have serious weaknesses.
A fair and transparent weight of evidence for the assessment of the T criterion should be
based on several independent data sources. Furthermore, publications presenting conflicting
results (as Hagenaars et al 2011) should be assessed properly.

There is no convincing evidence that the T criterion is fulfilled based on existing data.
According to REACH, a valid chronic fish test according to GLP, as well as an accepted
guideline would give a reliable answer.





Il. Evaluation of the occurrence of PEBS in drinking water

The Report presents analytical data for PFBS in drinking water. The Report summarizes the
data (page 53) as follows:

“PFBS appears ubiquitously in drinking water, both from the tap and from bottles. Even in
regions away from established PFAS source areas, substantial drinking water contamination
can occur, with a France max of 15 ng/L (Schwanz et al., 2016), German max of 26 ng/L
(Skutlarek et al., 2006), Italy max of 45 ng/L (IRSA-CNR, 2013), Spain max of 69 ng/L
(Ericson et al., 2009), China max of 18 ng/L (Mak et al., 2009), and Brazil max of 16 ng/L
(Schwanz et al., 2016). These concentrations even exceed those of some known source
zones, such as 19.0 ng/L near a PFAS production facility in the Netherlands (Gebbink et al.,
2017), and 0.6 ng/L for drinking water near the PFAS production area of Fuxin, China (Bao
et al., 2011). The highest concentration, however, was near a source zone, at 97.8 ng/L,
along the Daling River, China (Wang et al., 2016b). This indicates that PFBS persists
through drinking water production, and currently is ubiquitously present in global drinking
water (Kaboré et al., 2018).”

Progress in analytical techniques nowadays allows for the detection of extremely low
concentrations of water contaminants. Mainly biologically active substances as antibiotics,
hormones, pesticides, personal care products and pharmaceutical products are being
monitored down to the ppb (ng/L) concentration level (Galinda-Miranda et al 2019). The
same techniques are used for monitoring of industrial chemicals in water and can be found
in similar low concentrations.

However, the analytical finding of any substance in the environment as such, does not pose
a risk. For this reason, REACH requires performing of a quantitative risk characterization for
hazardous substances. Exposure concentrations are either estimated by modelling (EUSES,
Chesar) or measured and compared with a toxic threshold concentration, i.e a DNEL.

In the current CSR, a DNEL was derived for workers but not for the general public. Based on
a the NOAEL of a repeated dose 90-day toxicity study a DNEL (oral) for the general
population of 1 mg/kg b.w./day was derived for Potassium nonafluoro-1-butanesulfonate
(CAS 29420-49-3, Schlecker 2019).

According to REACH , a quantitative risk assessment has to be performed for humans
through exposure via the environment. This assessment should also include the risk by
consumption of drinking water. According to ECHA Guidance on information requirements
and Chemical Safety Assessment, Chapter R.16: Environmental exposure (Guidance R .16)
the ingestion of drinking water is 2 L/day.





The following table shows the quantitative risk assessment for the consumption of drinking

water using measured analytical data:

Concentration | Consumption DNEL oral Risk
(mg/L) (mg/kg. (mg/kg b.w./d) | characterization
b.w./d) ratio
Highest
measured value 0.000069 0.000138 1.0 0.000138
in drinking water
in the EU
Highest
measured value 0.0000978 0.000196 1.0 0.000196

in drinking water
world-wide

Conclusion: Progress in analytical chemistry allows for detection of any analytes
down to the sub ppb region. The occurrence of PFBS and its salts in the environment
or in drinking water does not pose arisk. The quantitative risk assessment shows risk

characterization ratios far below 1.

lll. Sighature

This assessment has been performed by Dr. Hans Allmendinger, Senior Expert and external
partner of Currenta GmbH & Co. OHG on behalf of LANXESS Deutschland GmbH.
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Evaluation on potential endocrine disruption properties of Potassium nonafluorobutane-1-sulfonate

(PFBSK+), CAS No. 29420-49-3, in the environment

Executive summary

This ED assessment aims to evaluate the available relevant data on PFBS and its salts (including
Potassium nonafluorobutane-1-sulfonate; PFBSK+) on potential effects towards the endocrine
system for the environment. The data presented in the Annex XV report was evaluated. An additional
literature screening did not identify further relevant data which has to be included into the
assessment.

There are only some data which appear to be relevant for an ED assessment of PFBSK+. ToxCast™
which applied 666 in vitro bioassays demonstrate that there is no endocrine mode of action. The
other data reported of in vivo assessments with fish and birds. Most of the data applied used
exploratory, non-validated test systems and used non-standard test organisms. Still the authors did
not define quality and validity criteria by themselves, although such criteria are in particular essential
in exploratory chronic and multigenerational studies, to ensure a high quality and reliability of the
results. Moreover, other important data which is required to allow a conclusion on the study
reliability was not provided. This data was scored Klimisch 3 (not reliable), is not appropriate for an
ED assessment, and was disregarded for the conclusion in this assessment.

There was only one study which might partly be considered to be sufficiently reliable (Klimisch 2,
reliable with restrictions). This study reported of effects on survival and growth which are not
indicative of an endocrine mode of action and endocrine disruption. Sex ratio is the only endpoint in
this study which is relevant in the ED assessment, but there was no shift in the ratio and no detection
of intersex in both sexes. There was also no histological effect on testes and ovaries.

Based on the available relevant and reliable data there is no endocrine mode of action and no
adverse effect which is related to the endocrine system and pathways. PFBS and its salts are not
fulfilling the WHO/IPCS definition of an endocrine disruptor and should not be treated as a
potential endocrine disruptor in the environment under REACH.
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Evaluation on potential endocrine disruption properties of Potassium nonafluorobutane-1-sulfonate

(PFBSK+), CAS No. 29420-49-3, in the environment

1 Introduction

1.1 Starting point

Perfluorobutane sulfonic acid (PFBS) and its salts (including Potassium nonafluorobutane-1-sulfonate
= PFBSK+) were evaluated in a Regulatory Management Option Analysis by Norway and an Annex XV
report was brought forward proposing to identify PFBS and its salts as substance of very high concern
(SVHC), on the basis of the criteria set out in REACH Art. 57. Among others, the rapporteur
performed an assessment on potential endocrine disruption properties of PFBS and concluded that
there “are indications that PFBS may have endocrine disrupting properties” in the environment.

The current ED evaluation was conducted to review the available data and to the conclusion in the
Annex XV report.

1.2 Identification of endocrine disruptors

Under REACH endocrine disruption is covered under article 57 (f) “equivalent level of concern”.
Unfortunately, under REACH there are still no criteria and no process to identify endocrine disruptors
(ED). However, there are meanwhile guidance documents (i.e., ECHA / EFSA, 2018 and OECD, 2018)
which while still focusing on biocides and plant protection products may also be referred to under
REACH. Further, there is the generally accepted WHO / IPCS (2002)* definition which has to be
fulfilled by an endocrine disruptor substance:

“An endocrine disruptor is an exogenous substance or mixture that alters function(s) of
the endocrine system and consequently causes adverse effects in an intact organism, or
its progeny, or (sub)populations.”

This definition embodies the elements which are key to identify endocrine disruptors. There must be
an endocrine mode of action (MoA), an adverse effect and a causal link between both. Following this
generally accepted definition it is not sufficient that a biological link between MoA and adverse effect
is plausible only, it must be causal. This is in particular relevant as several MoA (endocrine or non-
endocrine) may result in an effect on the endocrine system. In consequence, false-positive results are
possible if the WHO / IPCS definition is not applied correctly.

Additionally, in the environment the regulatory protection target is the population and not
individuals (other than for humans). The long-term maintenance of actively reproducing wildlife
species (VCI, 2013, OECD, 2018, and Suter et al., 1993) ensures that the species is not endangered as
well as that structure and function of the ecosystem are stable. Only effects which alter structure and
/ or function of populations via impacting a long-term active reproduction, thus, are relevant and to
be considered.

From a regulatory point of view apical endpoints (growth, development, reproduction, and survival)
basically are relevant to conclude on effects on populations. These endpoints, however, usually do
not provide (sufficient) information on specific modes of action which cause the observed effects.

L E.g. http://www.who.int/ipcs/publications/en/ch1.pdf
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(PFBSK+), CAS No. 29420-49-3, in the environment

Thus, apical endpoints should be a starting point and may provide essential information on adverse
effects which are relevant for populations, while other studies may provide better insight on
potential (endocrine) modes of action. These evaluations should be completed taking into account
specificity of the effect and, most relevant, causality of an adverse effect and the identified MoA.

Special care is required when dealing with invertebrate data since as yet little is known about their
endocrine system as outlined in the guidance documents, e.g., of ECHA/EFSA (2018) and OECD
guidance document No. 150 on endocrine disruption.

1.3 Objectives

This document aims to evaluate the available reliable and relevant data to conclude if there is
sufficient evidence that PFBS is or is not an endocrine disruptor in the environment. The following
steps were performed:

1) Literature evaluation of Annex XV dossier and screening of published data

2) Assessment on relevance and reliability of the data for an ED identification

3) Assignment of this data into the OECD Conceptual Framework (CF) levels (2012)?

4) Weight-of-evidence (WoE) of results in the data to identify potential lines of evidence

5) Discussion of data and WoE lines versus the criteria of the IPCS /WHO (2002) definition and
REACH Art. 57 (f)

2 Literature

The data reported on ED in the environment in the Annex XV dossier was evaluated. Additionally,
published literature was screened for other relevant data.

3 Assignment of reliability and relevance

The data was evaluated for reliability based on the Klimisch score system (Klimisch et al., 1996) which
is frequently quoted in REACH guidance documents:

Klimisch 1: reliable without restriction
Klimisch 2: reliable with restrictions
Klimisch 3: not reliable

Klimisch 4: not assignable

Only Klimisch 1 and 2 studies are sufficiently reliable to be considered in the ED identification, while
Klimisch 4 and in particular Klimisch 3 data are not robust and reliable enough. Reliable data, e.g.,
covers studies which followed validated test methods and which received adequate documentation,
e.g., via the GLP system. Exploratory studies which followed no validated test method may equally be
acceptable if the study concept and design are sufficiently sophisticated and when the study received
sufficient documentation.

2

http://www.oecd.org/env/ehs/testing/OECD%20Conceptual%20Framework%20for%20Testing%20and%20Asse
ssment%200f%20Endocrine%20Disrupters%20for%20the%20public%20website.pdf
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Moreover, the relevance of the data for ED identification was assessed. In particular, data on
vertebrates may be relevant as the vertebrate endocrine system is already well understood, while
the invertebrate system is only poorly understood. Invertebrate data, thus, has to be treated with
care and may only be additional information, but should not be used to conclude on potential
endocrine disruption properties of a substance in the environment.

4 Assignment of data to OECD conceptual framework levels

Identified relevant data shall be classified following the OECD CF levels 1-5 (Hutchinson et al., 2013).
Basic data of general information is considered in level 1. With increasing relevance and strength of
evidence data is to be added to levels 2-5, starting with mechanistic in silico and in vitro data in
level 2 and in vivo data in levels 3-5. Reliable level 5 studies are of highest evidence allowing to
identify adverse effects which are expected to be relevant for populations in the wild.

It shall be indicated that PFBSK+ is in the focus of this ED assessment. The published data evaluated
in the following chapters reports of the test item PFBS. However, due to its physical-chemical
properties under pH ranges of test conditions PFBS will dominantly be available as an ion. PFSBK+ will
equally be dissociated and dominantly available as the same ion. Therefore, results generated with
the test item PFBS are expected to be directly transferable to PFBSK+.

4.1 OECD Level 1 data

Existing data and non-test information: Physical and chemical properties, all available
ecotoxicological data from standardized and non-standardized tests, read across,
chemical categories, QSAR and other in silico predictions

The data provided in this chapter is reported in the REACH dossier of Potassium nonafluorobutane-1-
sulfonate (PFBSK+) and shall provide basic information on the substance which is in the focus of this
ED assessment and which may be helpful in the ED evaluation. While the physical-chemical data of
PFBSK+ is reported below it shall already here be indicated that at environmentally relevant pH levels
the salts, e.g., PFBSK+ are dominant.

.:_‘{:), ':: F ]

Fig. 1: Chemical structure of PFBSK+.

The intrinsic properties of PFBSK+ are listed in Tab. 1. The substance has a water solubility in the
range of 52.6 to 56.6 mg/L which is rather low. The partition coefficient of -1.8 is very low but the
BCF in the range of 0.3 to 1.1 only revealed a minor potential for bioaccumulation which is in line
with the low water solubility. The log Koc of 1.79 is equally pointing to a low sorption potential to
soil. PFBSK+ is not biodegradable. The vapour pressure is rather low.
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Tab. 1: Intrinsic physical and chemical properties and environmental fate data of PFBSK+ as reported
in the REACH dossier.

Intrinsic property Value and unit

Molecular weight 338.19 g/mol

Water solubility 52.6-56.6 mg/L

Partition coefficient (log Kow) -1.8

Vapour pressure < 1.22E-05 Pa
Biodegradation Not readily biodegradable
Adsorption (log Koc) 1.79

Bioaccumulation (BCF) 0.3-1.1(DTsp=1.3-2.1)

Next to the physical-chemical properties of PFBSK+ there are ecotoxicological data which did not
focus on endocrine properties but which provide important pieces of information on the toxicological
profile of the substance: Acute toxicity key studies of the REACH dossier report of an LCsp = 1.94 g/L
for fish (96 h, Pimephales promelas, OECD 203, GLP), an LC50 = 372 mg/L for invertebrates (96 h,
Americamysis bahia, EPA OPPTS 850.1035, GLP), and ErC50 = 5.67 g/L for algae (72 h,
Pseudokirchneriella subcapitata, EPA OPPTS 850.5400, GLP). Chronic toxicity data report NOEC for
fish in the range of 250 - 300 mg/L but only based on two studies and a weight of evidence approach
with supporting studies (120 h and 48 h, both Danio rerio, one study according to OECD 236 with GLP
documentation and another study similar to OECD 236), a NOEC = 502 mg/L for invertebrates (21 d,
Daphnia magna, OECD 211, GLP), and the previously mentioned algae study with an ErC10 = 734
mg/L (72 h, Pseudokirchneriella subcapitata , EPA OPPTS 850.5400, GLP).

Thus, acute toxicity data ranges from 372 to 5670 mg/L and chronic toxicity data from 250 to
734 mg/L. Acute and chronic toxicity were determined in the same range which points to no specific
mode of action but rather to systemic toxicity of PFBSK+.

Based on the physical-chemical properties, fate, and ecotoxicological data there is no indication
that PFBSK+ raises concern according to the equivalent level of concern in Art. 57(f) of REACH.

4.2 OECD Level 2 data
In vitro assays providing data about selected endocrine mechanisms and pathways

US EPA ToxCast™ data: PFBSK+ was among the substances investigated within the United States
Environmental Protection Agencies (US-EPA) Endocrine Disruptor Screening Program (EDSP). This
program includes the Toxicity Forecaster (ToxCast™), which applies high throughput assays exposing
cells or proteins to chemical to measure potential responses and to identify the bioactivity of
chemicals.
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ToxCast™ assays assessed the interaction of PFBSK+ with the estrogen, androgen and thyroid
receptor, and other endocrine receptors 3. While 666 bioassays were applied there was only one
positive receptor interaction for GPCR (G protein coupled receptor) which, in particular as standalone
finding, is not indicative of an estrogenic mode of actio. 665 bioassays reported of no endocrine
receptor interaction. US EPA concluded that for PFBSK+ there is no endocrine activity for all
receptors and modes of action assessed.

Thus, based on this high quality screening program of the US EPA there is no indication that
PFBSK+ interacts with endocrine receptors. No endocrine mode of action was identified.

Vongphachan et al., 2011: This study is none of the studies listed in OECD Conceptual Framework
and it does not address validated endpoints covered in these studies. It is rather an exploratory study
which investigated non-standardized endpoints.

Basically, this is an in vitro study with avian primary cell cultures. The authors indicate that the aim of
the study was to determine effects on messenger RNA (mRNA) expression of TH-responsive genes in
primary cultures of chicken embryonic neuronal (CEN) and herring gull embryonic neuronal (HGEN)
cells.

Chicken eggs (Gallus domesticus) were purchased from the Canadian Food Inspection Agency while
the herring gull eggs were sampled in the wild. Chicken and herring gull eggs were breaded for 11
and 14 days at 37 °C and 60 % humidity. Primary cell cultures of neuronal cells were prepared from
the cerebral cortices of 11 chicken embryos and 14 herring gull embryos. CEN were exposure to 0.01,
0.1,1, 3, 10, and 50 uM PFBS — the highest test concentration was excluded because of cytotoxicity
(Calcein-AM assay) —and 0.03, 0.3, 3, and 30 nM T3 (positive control). HGEN were exposed to 0.01,
0.1,1, 3, and 10 uM PFBS and 0.03, 0.3, 3, 30, and 300 nM T3. Negative controls and DMSO vehicle
controls were applied. Exposure lasted 24 h for CEN and 3, 6, 12, 18, 24, and 36 h for HGEN. mRNA
was extracted and complementary DNS (cDNA) was synthesized and amplified via PCR.

Detailed discussion of results:

- Positive control (T3) effects on mRNA levels in CEN cells: With CEN cells the positive control
T3 upregulated TRa, TRB at 30 uM and D2 at 3 and 30 uM, while the most significant effect
was reported with an upregulation of RC3 at 3 uM (ca. 10-fold) and 30 uM (ca. 30-fold).

- PFBS effects on mRNA levels in CEN cells: Following PFBS exposure in CEN cells there was a
slight upregulation of D3 at 3 and 10 uM (2- and 3-fold) as well as of RC3 at 10 uM (2-fold).
The effect on RC3 appears to be insignificant comparing the fold changes of gene
expression®. There was no effect on TRa, TRR and D2 while these had been affected by the
positive control. The effect on D3 was not observed with the natural ligand (i.e., positive
control) T3 which indicates that PFBS acts via a different mode of action. mRNA levels of RC3

3 https://actor.epa.gov/edsp21/

4 Fold-changes < 2 are generally not expected to be biologically relevant.
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following PFBS exposure was clearly lower compared to T3 exposure and the low fold-change
is not considered biologically relevant.

- PFBS effects on mRNA levels in HGEN cells: With HGEN cells T3 showed upregulations only
at 24 and 36 hour exposure: TRa, TR, and RC3 were upregulated each only at 300 uM
(ca. 2.5-fold, ca. 4-fold, ca. 3-fold). In contrast, PFBS was only reported to upregulate the
transcription factor Oct-1° at 10 uM (6.5-fold), while this was not affected by T3. Thus, PFBS
acted differently than the natural hormone T3 which points to another non-thyroid mode of
action.

IT should be considered that fold-changes < 2 are generally not considered to be significant but
rather within the normal range of the test system. Taking this into account PFBS had no or different
effects compared to the positive control T3. Moreover, fold-changes reported for PFBS were rather
low except for Oct-1. This study does not proof that PFBS interacts with the thyroid receptor. These
findings demonstrate that PFBS has a different mode of action than the natural thyroid hormone T3.

There are concerns on the reliability of the results due eo identified major short-comings:

- Test system: Exploratory test system which followed no validated (well understood and
reproducible) methodology.

- Data on test organisms: Chickens were purchased from a reliable source (Canadian Food
Inspection Agency) but the herring gull eggs were collected in the wild. There is no data on
control of potential biological or chemical contamination in the natural habitat to exclude
impact on the study. It is not comprehensible if the sampling site covers the representative
natural habitat. Gulls should at least have been inspected for health and acclimatised to the
laboratory conditions but there is no data on all these important quality issues.

- Validity criteria: Lack of defined validity criteria which is in particular critical as exploratory
test systems were used and reliability of the data is thus not ensured.

- Replication: For CEN the authors indicate 4 replicates per treatment but there is no report of
replicates with HGEN cells. However, replication is needed to build reliability in the study and
to demonstrate that there are no findings by chance. HGEN cell results are seemingly based
on only one replicate which is inadequate in particular for exploratory test systems.

- Solvent: DMSO was used as solvent but its concentration is not specified. DMSO is known to
influence the cell permeability, ease the passage of chemicals, and could thus have corrupted
the study results with both Gallus domesticus and herring gull cells. The generated results
have to be treated with cate.

- Documentation: Limited or no documentation on, e.g., dilution medium for test item, egg
incubation conditions.

In conclusion, PFBS could not be shown to act similar to the natural hormone and ligand T3 and
showed usually comparably low fold-changes (biologically not relevant) in gene expression if any.
There are serious concerns on the study reliability due to use of an exploratory, poorly understood
test system, wild sampled eggs, lacking data on DMSO solvent concentration, and insufficient

5 Octamer motif-binding factor 1
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documentation (e.g., on replication). Additionally, the data seems to be not relevant as cell cultures
from bird embryos are a poorly understood test system with respect to endocrine disruption
evaluation in the environment. This study should not be used for a conclusion on potential endocrine
disruption properties of PFBSK+. An adequate reliability score of Vongphachan et al., 2011, Klimisch
3 (not reliable).

4.3 OECD Level 3 data
In vivo assays providing data about selected endocrine mechanisms / pathways®

Chen et al., 2018: This is an exploratory, multigenerational study which aims to provide insight into
molecular effects of PFBS on the thyroid system. The non-standard, estuarine test organism Oryzias
melastigma was used. As there is no data on husbandry conditions of this species in validated test
methods it is difficult to judge if the conditions chosen were appropriate. No data on source or strain
was provided. Test concentrations are stated to be derived from preliminary studies and did not
cause effects on hatching, mortality, and malformation of larvae at 15 dpf, but no data are provided
which makes it impossible to understand if the test concentrations were properly chosen.

There were three replicates with 150 larvae each exposed to PFBS diluted in DMSO (< 0.001% v/v) at
0, 1, 3, and 10 pg/L; n = 3. Larvae were transferred into a higher volume of medium 30 dpf and after
2 month. Daily renewal of exposure medium took place. FO fish were exposed for 6 months. F1 eggs
were kept in PFBS free sea water until 6 month old. Moreover, F2 larvae were kept until 15 dpf

without exposure. F1 and F2 were assessed on multigenerational effects.

Endpoints were hormone levels (T3, T4) in plasma and brains of FO and F1, in freshly spawned eggs
(F1, F2) and 15 dpf larvae (F1, F2). Tissue was always pooled: 10 fish of the same sex for plasma, 5
fish of the same sex or 50 eggs/approximately 50 larvae for brain. TH levels were determined using
ELISA kits. TBG (thyroxine-binding globulin) was determined via pooled samples of plasma from 10
adult fish of the same sex or approximately 50 larvae at 15 dpf (n = 3) and measured with an ELISA
kit. Gene transcription analysis covered 10 and 19 genes and were evaluated in adult brains (FO, F1)
and larvae at 15 dpf (F1, F2) — 5 adult fish of the same sex and 50 larvae, both pooled samples. PCR
was applied and gene product were quantified.

The reported results require an in-depth discussion which is provided below:

- Body weight and length: For FO a decreased body weight for female and male fish at 2.9 and
9.5 pg/L and reduced length of male fish at 2.9 and 9.5 pg/L was stated. However, the
authors provide no data to substantiate this statement. Consequently, it is not
comprehensible if a concentration-response relationship could be established.

- BSI, TH, TBG: BSI was reported to be unaffected and TH content was not affected in FO male
plasma. Equally there was no effect on TBG levels which confirms that single, isolated effects
at few concentrations and samples are outliers and no indication of a reliable effect.

- T3 level — females: While most of the data showed no alteration of the T3 hormone level in
FO, F1, and F2 fish blood, brain, egg, and larvae samples at all test concentrations there were

6 Some assays may also provide some evidence of adverse effects.
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only two detections of increased T3 levels: F1 larvae at 1 pg/L and F1 blood at 9.5 pg/L, both
only at significance levels of p < 0.05 which is the least conclusive. There are no
concentration response relationships. In contrast both findings rather appear to be findings
by chance with no biological significance.

- T4 level —females: The same is true for the T4 level measurements. While most of the
samples proof no alteration of the hormone level there are only two significantly increased
levels: FO brain at 1ug/L and F2 larvae at 9.5 pg/L were slightly but significantly increased
(p <0.05and p <0.01).

- T3 and T4 — males: There was no effect on both hormone levels in male fish. The authors
state that male fish T3 levels were markedly increased but in contrast to this staement the
data provided clearly demonstrates that there was no difference between control and
hormone levels in treatments.

- Gene transcription in brain tissue — female: FO fish showed no effect on any of the 10
marker genes taken into account. For F1 fish there was no effect at 1 ug/L for all genes. At
2.9 and 9.5 pg/L there were no effects on CRHR and MCT8. The effect on TRB at 2.9 pg/L
(p < 0.05) is not plausible as the same fold-change was not significant at 9.5 ug/L.

There were significant effects on CRH, TSHR, and Dio 3 with p < 0.05, Dio2 with p <0.01, as
well as TRa, Dio 1, and SLCO1c1 with p < 0.001. Still the downregulation and fold-changes of
gene expression were all in the range of 0.3 to 0.9 compared to 1 in the solvent control.
Thus, there were partly significantly downregulated genes but the altered fold-change was
low considering that a gene expression fold-change of < 2 is generally not considered
biologically relevant (i.e., range of normal variation).

- Gene transcription in brain tissue — male: The authors state that 5’-deiodinase 2 (Dio2) in
male brains was reduced by 0.5- and 0.6-fold for exposure to 2.9 and 9.5 pg/L with FO fish.
Again, this effect is only based on the lowest significance level of p < 0.05. Moreover, the
effects were detected at the highest concentrations which are expected to be close to
systemic toxicity. There was no concentration-response relationship. The reliability of the
effect is consequently rather low.

For F1 fish there was no effect on Dio2 or on any other 10 marker genes at any test
concentration except for TRR which was slightly upregulated at 1 ug/L (p < 0.05). The
significance level is again low, there is no concentration response relationship and the
reliability of this effect is low.

- Gene transcription in F1 larvae: The transcription of 19 genes was assessed of which some
showed no effects (CRHR, TSHR, Dio2, MCT8, and pax8). Statistical significance was low for
TSHR, NIS, TPO, TRB, and SLCO1c1 due to p < 0.05. Frequently there were several time no
concentration response relationships and p < 0.05 effects only at 1 and 2.9 but not at 9.5
pg/L (TSHR, NIS) or even only at 1 pg/L (TRB). CRH showed a significant effect with p < 0.001
at 1 and 9.5 pg/L but no significant effect at 2.9 pg/L which is not plausible. Even if the
significance level was higher there was never a concentration response relationship and all
fold-changes were similar. The fold-changes of gene transcription were all in the range from
0.3 to 1.1 (control = 1) which indicates that despite statistical significance there was only a
minor alteration of the gene expression.
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- Gene transcription in F2 larvae: The maternal transfer of hormones discussed by the authors
with F1 larvae does obviously not apply for F2 larvae and therefore challenges the authors
speculation as there were no (reliable) effects with neither FO, nor F1 adult fish on gene
transcription and hormone levels.

Interestingly, clearly less alterations were reported for F2 offspring at 15 dpf. Morever, 17 of
19 genes show no alterations at 1 pug/L while two alterations only had low significance levels
(p < 0.05). Some genes showed alterations at 2.9 pg/L but not at 1 or 9.5 pg/L, which appears
not to be plausible and lacks a concentration response relationship. Such relationships were
reported for TBG and Diol. All fold-changes were in the range from 0.4 to 1.6 (control = 1)
which points to rather minor effects.

- Transgenerational effects: The data provided clearly shows that TH hormone levels (T3, T4)
neither in plasma nor in brain of adult fish or larvae are altered in consequence of PFBS
exposure. The few reported effects were not plausible as only reported at single
concentrations and with the lowest significance level p < 0.05 (= minor difference to control).
The same is true for gene expression profiles in brain of FO and F1 male fish. There were
some effects on gene expression with female fish at both highest test concentrations in F1
while not in F2. Still the level of alterations compared to the control are often in a low range.
Gene expression modifications were more conclusive in F1 offspring, while the effects
reported in F2 were rather inconclusive and not plausible.

Unfortunately, there are no data on gene expression from the positive control T3 and therefore, it is
not possible to comprehend if the reported fold-changes are significant and pointing to a thyroid
system mode of action. However, gene expression should in general be treated with care as there are
no validated test methods and the impact of gene up- or downregulation, e.g., on the endocrine
system, is yet poorly understood.

More indicative data on levels of T3 and T4 point to no thyroid mediated mode of action of PFBS.

The study has relevant short-comings which challenge the reliability and relevance of the results:

- Test system: Exploratory study which follows no validated test method and lacks a sufficient
documentation.

- Lack of validity criteria data: While this is a multi-generational study for which high quality
standards have to be applied to demonstrate robustness of the test design and to
substantiate the reliability of the study results there are no validity criteria defined or
reported such as, e.g., control data on mortality, development (weight, length) or hatching
rate per replicate and concentration. There was no data at all on such parameters.

- Lack of quality data: There is, e.g., no data on the quality of F1 and F2 larvae (e.g., survival,
hatch success, number of female and male) and consequently it is not possible to evaluate if
the spawn was of an acceptable quality.

- Non-standard test organism: Use of a marine non-standard test organism (Oryzias
melastigma) and no reference to a standard test system. Consequently, there is uncertainty
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if the husbandry conditions and the test conditions were appropriate. The authors did not
elaborate the reasoning for the test conditions chosen (with respect to 0. melastigma). E.g.,
Dong et al., 2014, report that the optimum temperature for O. melastigma is 28 + 1 °C while
24 £ 0.5 °C were reported by Chen et al,. 2018. Such deviations may influence the study
results.

Moreover, the authors provided no data on source, strain, acclimatisation and health
inspection of the fish which is essential data to evaluate on the study reliability.

- No. of organisms per replicate/sample: The number of animals used per replicate are low
for brain tissues from only 5 fish and 10 fish for plasma, in particular when considering that
the test system was exploratory and the test organism non-standard.

- Lack of detailed data: If any only results of pooled samples were provided which do not
allow to understand if significant effects were based on single fish or on the replicate in total.

- Lack of range-finder data: It was stated that the test concentrations were concluded based
on a previous study but no data was provided and it is not comprehensible if the chosen
concentrations are close to acute toxicity levels. This however is crucial to allow the
understanding if effects at the highest test concentration are due to systemic toxicity or
more specific.

- Limited description on husbandry conditions and no data on feeding conditions.

- Inadequate analytical verification: Test concentrations determined at 0 hours only but not
after 24 hours which however is a standard requirement in a long-term exposure study.

- Insufficient, incomplete and weird documentation: For a peer-reviewed study this is
surprisingly incompletely and weird in its structure and documentation. It is partly difficult to
comprehend, e.g., the test design, endpoints used.

Concluding, while the author conducted a multigenerational study with fish an assessed T3 and T4
hormone levels and gene transcription in adult fish and larvae there were frequently no effects.
Several reported effects were not consistent, plausible and reliable, e.g., due to lack of concentration
response relationships or low significance levels and low fold-changes for gene expressions.

Moreover, there are short-comings which challenge the overall reliability of the study and its findings
such as, e.g., insufficient number of animals per replicate, only pooled sample results, insufficient
documentation of information important to conclude on the study reliability, lack of validity data,
and exploratory test system with a non-standard test organism.

The study of Chen et al., 2008, is not sufficiently reliable and should be rated Klimisch 3 (not
reliable).

4.4 OECD Level 4 data
In vivo assays providing data on adverse effects on endocrine relevant endpoints’

Lou et al., 2013, conducted a chronic exposure study assessing potential effects of PFBS on growth
and development of Xenopus laevis frogs using an exploratory test system. 3 year old frogs were kept

7 Effects can be sensitive to more than one mechanism and may be due to non-ED mechanisms.
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in the laboratory to gain fertilized eggs. 5 dpf tadpoles at NF stage 46/47 were exposed to PFBS at
0.1, 1, 100, and 1000 pg/L until 2 month post metamorphosis. DMSO was used as a solvent with
0.001 % (v/v). There were 3 replicates of control and treatment groups with randomly selected 25
tadpoles. Husbandry conditions were similar to validated OECD test methods (e.g., OECD 241), while
not all details were provided. Analytical confirmation took place at test initiation, 61-63 day
afterwards, and at termination which as well as after renewal on day 0, 1, and 2 (every 4 weeks).

At termination of the experiment the survival rate was recorded and frogs were weighed and
dissected. Liver tissue was weighed and HIS calculated. Sex or intersex was determined examining
the gross gonadal morphology with a stereo microscope. Gonads and liver were histologically
examined. Finally, total RNA extraction was gained and RT-PCR conducted for sex-related genes
(estrogen and androgen receptor, aromatase, and ribosomal protein L8). Statistical analysis took
place evaluating normal distribution of data, homogeneity of variance and specifically investigating

differences of endpoints against the control animals.

- Effective concentrations: Effective PFBS test concentrations on day 0, 1, and 2 ranged partly
more than 20% from nominal concentrations. There was a decrease in PFBS concentrations
from day 0 to day 3. The data provided seems not to be complete; at least there is no
indication if the concentration ranges shown include all day 0, 1, and 2 data from each
medium renewal. Moreover, it is not comprehensible why the medium was not renewed
more frequently in light of decreasing test concentrations already some few days after
administration.

- Survival and growth: Tadpoles developed normally. Survival was reported to be 85 % with a
similar pattern in all controls and treatments. PFBS exposure had no effect on body weight.
Thus, there was no effect on survival and growth.

- HIS and hepatohistology: PFOS exposure had no effect on the HIS. There was also no effect
at the lowest concentrations of 0.1 and 1 pg/L for male and female frogs. At 100 ug/L there
was hepatocyte degeneration in male and female frogs and at 1000 pg/L there was
hepatocyte hypertrophy in both sexes. Both effects are not necessarily primary effects of an
endocrine mode of action and are no adverse effects which impact. Moreorver, these are
observations which were not quantified and are thus in general not useful in an ED
assessment. Finally, the effects occurred only at high test concentrations which further
points rather to systemic toxicity than to a specific mode of action.

- Gonadal morphology and histology as well as sex ratio: Control animals are reported to
show normal female and male ovaries and testes, respectively. PFBS did not cause intersex.
Sexes of all frogs were histologically examined and no histological effect was found in both
testes and ovaries in all treatments. Sex ratios were histologically examined and PFBS had no
effect on the sex ratio of X. laevis frogs. Thus, PFBS had no impact on the (inter-)sex of the
frogs or the sex ratio.

- mRNA expression sex-related genes: PFBS induced at all concentrations a significant
increase in ER and AR expression in male and female brains. For ER there was however, only
a ca. 2fold change in gene expression (ca. 2.8 at 0.1 pg/L) and for the AR it was < 2-fold. The
fold-changes were significant only at a low level (p < 0.05).

The substance did not influence aromatase expression.
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In the liver PFBS promoted ER expression of both sexes and at all concentrations. There was
a ca. 2-fold change except for male except for 1000 pg/L with a ca. 4-fold change. Females
showed slightly higher fold-changes in the range of 3 to 5, equally with the highest fold-
change at the highest test concentration. However, there was no clear concentration
response relationship.

In liver the AR expression was only increased at 1000 pg/L for both sexes (ca. 2.5-fold change
for females and ca. 6-fold change for males).

The study had some short-comings which have to be considered when providing the Klimisch
reliability score:

- Test system: Exploratory but following some of the test conditions of validated test methods.

- Analytical verification: Limited to day 0, 1, and 2 after medium renewal. Decreasing
concentrations were detected already at day 1 and 2. Still the test system was semi-static
with renewal only every 4 weeks. There is no data on the test concentration at the end of the
4 week periods.

- Incomplete documentation: Some data which is requested for validated test methods was
not reported such as pH and DOC, all mentioned test item concentrations and other more.
The time for acclimatization at the laboratory was equally not mentioned.

- Validity criteria: The data allow to conclude that survival at study termination was in an
acceptable range (<= 20 %). There was no data on viability of the spawn used to gain the
exposed eggs, which is requested in validated test methods such as OECD 241. It was
mentioned that tadpole growth was normal based on the NF stage at study termination but
no data was provided on mean weight of individuals at stage 62. Thus, some validity data
was provided but other is lacking.

- Lacking data on range finder: There was no data if a range finder study was conducted to
identify the threshold of systemic toxicity and, thus, it may not be excluded that effects at
the highest test concentrations are caused by unspecific toxicity rather than potential
endocrine modes of action.

In conclusion, this study showed no effect on survival and growth of tadpoles exposed from 5 dpf
until 2 month post metamorphosis. HIS was unaffected while there were liver histopathological
effects with both sexes at the highest test concentrations which are not considered to point to an
endocrine mode of action or to adverse effects. Based on gonadal morphology and histology there
was no effect on the sexes and sex ratio of the frogs and only this endpoint in the study would have
been evident for a endocrine mode of action. The mRNA assessment showed a slight increase of ER
and AR at all concentrations of PFBS in brain as well as for ER at all concentrations and AR at the
highest concentration in liver. However, the fold-change of mMRNA was typically low and not
considered to be sufficiently evident and robust.

Lou et al., 2013, shows some short-comings which reduce the study reliability. On the other hand the
test design is partly similar to validated test methods and the test organism is a standard. Some data
can be used to conclude on certain validity criteria of the apical endpoints but there is no such data
for sub-cellular effects. It may still be acceptable to conclude that the apical part of the study
(survival, development) are sufficiently reliable to score this part of the study with Klimisch 2
(reliable with restrictions).
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4.5 OECD Level 5 data

In vivo assays providing more comprehensive data on adverse effects on endocrine
relevant endpoints over more extensive parts of the life cycle of the organism?®

Chen et al., 2019: This study seems to be interlinked with Chen et al., 2018, and was conducted in
the same laboratory and at least partly by the same authors. Either further samples were taken and
assessed from the study of Chen et al., 2018, or there had been a similar additional study. The test
system is again exploratory and seems not to refer to a validated test method. The test species
Oryzias melastigma is a non-standard test organism. Another time the authors do not provide data
on source, strain, acclimatization, and health inspection of the fish, which is essential data to
conclude on the study reliability. Fish were exposed to 0, 1, 3, and 10 pg/L PFBS dissolved in DMSO (<
0.001% v/v), each treatment and control with three replicates. Exposure started at the embryo stage
(not specified) until sexual maturity (6 month), followed by 2 month non-exposure. 150 newly
spawned embryos with normal development (not specified but presumably from after the 2 month
non-exposure period) were used per replicate. F1 conditions were similar to the FO protocol but
there was no exposure beyond FO. At the age of 6 month F1 fish were assessed for sex ratio based on
development of sexual characteristics (male fish: large, parallelogram shaped anal fin). Egg
production of FO was daily documented during final 2 weeks of the exposure period. FO fish were
dissected and brain, gonads, liver and plasma was collected. F2 embryos were maintained in non-
exposure, sea water medium until 15 dpf.

Endpoints and assessed parameter:

e Histology: Evaluation took place with female and male FO whole fish. Liver and gonads were
examined for morphological abnormalities. Oocytes were counted at each stage (pre-
vitellogenic, vitellogenic, post-vitellogenic).

e Hormone levels: These were measured in pooled sampled of 5 fish of the same sex per
replicate for brain while 10 fish were pooled for plasma. Gonadotropin releasing hormone
(GnRH) was measured in brain. Luteinizing hormone (LH) and follicle stimulating hormone
(FSH) were measured in plasma. Both were quantified via ELISA kits. Furthermore, estradiol
(E2), testosterone (T), and 11-keto-testosterone (11-KT) were measured and quantified via
ELISA kits.

e Global methylation: The levels of genomic DNA was measured from FO gonads (ovary and
testes) and F1 offspring at early developmental stages (0, 2, 5, 10, and 15 dpf). ELISA setup
was used for quantification.

e Plasma proteomics: These were assessed from 10 fish FO of the same sex exposed at 9.5
ug/L PFBS (highest test concentration).

e Gene transcription: FO brain and liver of 10 fish was pooled. 5 ovaries or 10 tested of FO
were pooled (not specified from which test concentration).

The reported effects require detailed discussion:

8 Effects can be sensitive to more than one mechanism and may be due to non-ED mechanisms.
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FO results:

- Test concentration: There is no data to explain the exposure concentrations chosen and
therefore it is not transparent if the test concentrations were close or sufficiently distant to
systemic toxicity concentrations. As several effects only occur at the high exposure
concentration(s) interfering systemic toxicity could explain observations.

- Analytical verification: Nominal 0, 1, 3, and 10 pg/L PFBS; effective concentrations 0, 1.0,
2.9, and 9.5 pg/L PFBS.

- Sex ratio: Male fish were determined based on secondary sex characteristics (larger and
parallelogram-shaped anal fin). At 9.5 ug/L FO fish were reported to be dominated by males.
Absolut numbers were not provided while the authors report an increase in the male:female
ratio of 128 % in the treatment vs 83.2 % in the control at a rather low significance level
(p < 0.03%. It is not comprehensible why the authors neither provide a definition of “larger
and parallelogram-shaped anal fin” nor provided data which would allow to conclude if their
interpretation is adequate. The pure statement that the anal fin of (assumed) males was
assessed is therefore not sufficient to reliably proof an effect on male secondary
characteristics or the sex ratio of the fish.

- GSI: At 9.5 pg/L ovaries were significantly smaller, while there was no effect at 1 pug/L and
2.9 ug/L. While data on the systemic toxicity threshold is lacking for this non-standard
organism the finding is difficult to interpret. Moreover, such an effect is not necessarily
linked to an endocrine mode of action.

- Egg production: Reported to be decreased at 2.9 pug/L and 9.5 pgL by 28.2 % and 25.8 %,
respectively, but not at 1 pg/L. While reduced there is no concentration-response
relationship. Such data generated in an exploratory test system should be treated with care.

- Histology: No abnormalities observed in liver, testes, and oocytes except for oocytes at
9.5 pg/L which showed more pre-vitellogenin and less vitellogenin and post-vitellogenin.
Again, data on the threshold of systemic toxicity would be advantageous to conclude on the
relevance of the finding.

- Hormone levels: GnRH, LH, FSH, T, E2, and 11-KT were measured. Partly up- and down-
regulations of genes were reported but the data is contradictory. E.g., for male fish the T
level was reported to be slightly down-regulated (p < 0.05) at 2.9 and 9.5 ug/L, there was no
significant effect on the E2 level, but the E2/T ratio was reported to be significantly, however,
only at 2.9 pg/L. This is not plausible. Moreover, there was a significant down-regulation of
11KT. However, as 11KT is an oxidized form of T it is not comprehensible why there should be
more 11KT than T. For female fish only few gene expression alterations were reported but
these are equally not comprehensible in the absence of numbers for fold-changes.
Moreover, gene expression is no validated endpoint and may not be evaluated with respect
to reliability and relevance for the ED assessment.

F1 and F2 offspring results:

- Effects on F1 eggs: At 9.5 pg/L egg weight was slightly reduced but only at the lowest
significance level p < 0.05. At 2.9 and 9.5 pg/L egg hardness was increased while protein and

% Remark: A significance level of 0.03 does not exist.

Page 17 of 21





Evaluation on potential endocrine disruption properties of Potassium nonafluorobutane-1-sulfonate

(PFBSK+), CAS No. 29420-49-3, in the environment

lipid loads were decreased. At 9.5 pg/L DNA methylation was decreased. Egg mortality was
increased at 2.9 and 9.5 pg/L.

While the authors did not discuss the significantly increased embryo mortality this is of
utmost importance as mortality indicates that systemic toxicity occurred and challenges the
reliability and relevance of effects reported at these exposure concentrations.

In contrast, HPG levels in F1 eggs were normal. GnRH and LH in females were reported to be
increased. The sex ration in F1 was not altered just as the GSI and fecundity.

Effects on F2 eggs: Only at 1 pg/L reduced weight of eggs. Protein and lipid loads were
comparably increased as in F1. There was no F2 larvae mortality.

The study has short-comings which need to be taken into account to conclude on its reliability:

Test system: Exploratory

Test organism: Non-standard test organism and no data on, e.g., source, strain, health
status, and acclimatization in the laboratory. Lacking discussion why the test conditions
chosen should be appropriate for this species.

Insufficient data on quality of parent fish and offspring: Several data is missing which is
crucial to conclude on the reliability of the study and results reported. E.g., there is no data
on adult fish from which the eggs used in the study as FO were gained (age, weight length)
were provided but are required to understand if these were of adequate quality. The age of
embryos at start of study was not specified and by this the time point of exposure in
development is not transparent. Moreover, there is no data on the quality of the eggs used
in the study such as, e.g., fertilization success and hatch success which are requested in
validated test methods to demonstrate that effects are not based no poor quality of eggs.
Number or animals per replicate: Some parameters (plasma, oocytes) were only assessed
based on samples of five fish which is critical as this was a non-standard test organism and
there is no data on normal variation. It is not transparent how many fish from the control
were evaluated and compared against the treatment groups. If numbers were not adequate
the statistical evaluation might be flawed.

Lack of validity data: The authors in general provide no data the validity of the study which
for a multigenerational study in particular are a basic requirement. For well justified reasons
such criteria are defined and need to be assessed in studies following validated test methods.
Standardized test methods need to be established and reported to demonstrate that the test
system worked properly. The reliability of the data may not be concluded when such data is
not provided.

Chen et al., 2019, is a multigenerational study which could principally be indicative in an ED

assessment. However, this study is based on an exploratory test design, used a non-standard

organism, missed to establish validity criteria as well as to report quality criteria on the organisms

used, and at least partly used insufficient numbers of animals per replicate. The results reported are

not reliable and not indicative of endocrine modes of action or adverse effects. The reliability of the

study may thus only be Klimisch 3 (not reliable) and the data should not be used in an ED

assessment.
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5 Discussion

There is only limited relevant data which assessed potential endocrine disruption properties of PFBS
in the environment.

US EPA ToxCast™ data clearly demonstrated that there is no endocrine mode of action as 665 of 666
bioassays reported of no receptor interaction for, e.g., ER, AR, TR, and steroids.

There is a OECD conceptual framework level 3 study with birds (Vongphachan et al., 2011). The
authors used an exploratory, non-validated test system. Gallus domesticus and herring gull were
used as test organisms. At least the herring gull is no standard test organism and was even sampled
in the wild, with no quality checks such as health inspection performed or reported. The results
generated with this species are therefore not reliable. The authors missed to define and report
validity criteria which are in particular relevant for exploratory test systems. Furthermore, repeatedly
important information is not provided such as, e.g., DMSO solvent concentrations used. Finally, the
numbers of animals per replicate is not detailed. Thus, one the one hand important information is
missing and on the other hand the test system is not of sufficient quality to generate reliable data
which is adequate for a test system. The study was rated as Klimisch 3 (not reliable). Moreover, the
results reported were not conclusive and did not proof that PFBS has an endocrine mode of action
via the assessed thyroid pathway.

Chen et al., 2018, conducted a multigenerational study with Oryzias melastigma. Both, the test
system and the test species are exploratory and not validated. Test concentrations chosen were not
sufficiently substantiated and it is not comprehensible at which concentration systemic toxicity can
be expected for this species. Some effects were reported but there is no direct link to an endocrine
mode of action (e.g., body weight). There was no effect on male thyroid hormone levels (T3 and T4).
For females there was equally no effect at most treatments in FO, F1, and F2 plasma, brain, and eggs.
The few reported effects were detected at the lowest significance level and showed no concentration
response relationship. Expression of thyroid related genes was additionally assessed. However, this
in no reliable endpoint and difficult to deal with as not considered relevant in guidance documents.
Allin all this study suffers from the exploratory test system and test organism, the lack of quality and
validity assessment and data, a low sample size per replicate (critical for non-standard organisms and
statistical evaluation), and insufficient documentation in general. The study was considered to be
Klimisch 3 (not reliable) and should not be used in an ED assessment.

Lou et al., 2013, conducted an exploratory, non-validated chronic exposure study assessing potential
effects of PFBS on growth and development of the standard test organism Xenopus laevis. The study
shows some short-comings which reduce the study reliability. On the other hand the test design is
partly similar to validated test methods and the test organism is a standard. Some data can be used
to conclude on certain validity criteria of the apical endpoints but there is no such data for sub-
cellular effects. It may still be acceptable to conclude that the apical part of the study (survival,
development) are sufficiently reliable to score this part of the study with Klimisch 2 (reliable with
restrictions).

Finally, there is the multigenerational fish study of Chen et al., 2019. While this could principally be
indicative in an ED assessment. However, this study is based on an exploratory test design, used a
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non-standard organism, missed to establish validity criteria as well as to report quality criteria on the
organisms used, and at least partly used insufficient numbers of animals per replicate. The reliability
of the study may thus only be Klimisch 3 (not reliable) and the data should not be used in an ED
assessment.

6 Conclusion

This ED assessment aims to evaluate the available relevant data on PFBS and its salts (including
Potassium nonafluorobutane-1-sulfonate; PFBSK+) on potential effects towards the endocrine
system for the environment. The data presented in the Annex XV report was evaluated. An additional
literature screening did not identify further relevant data which has to be included into the
assessment.

There are only some data which appear to be relevant for an ED assessment of PFBSK+. ToxCast™
which applied 666 in vitro bioassays demonstrate that there is no endocrine mode of action. The
other data reported of in vivo assessments with fish and birds. Most of the data applied used
exploratory, non-validated test systems and used non-standard test organisms. Still the authors did
not define quality and validity criteria by themselves, although such criteria are in particular essential
in exploratory chronic and multigenerational studies, to ensure a high quality and reliability of the
results. Moreover, other important data which is required to allow a conclusion on the study
reliability was not provided. This data was scored Klimisch 3 (not reliable), is not appropriate for an
ED assessment, and was disregarded for the conclusion in this assessment.

There was only one study which might partly be considered to be sufficiently reliable (Klimisch 2,
reliable with restrictions). This study reported of effects on survival and growth which are not
indicative of an endocrine mode of action and endocrine disruption. Sex ratio is the only endpoint in
this study which is relevant in the ED assessment, but there was no shift in the ratio and no detection
of intersex in both sexes. There was also no histological effect on testes and ovaries.

Based on the available relevant and reliable data there is no endocrine mode of action and no
adverse effect which is related to the endocrine system and pathways. PFBS and its salts are not
fulfilling the WHO/IPCS definition of an endocrine disruptor and should not be treated as a
potential endocrine disruptor in the environment under REACH.

Dr. Jan Wolz
Senior REACH Expert and Head of Ecotoxicology Laboratory
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he Space group in ASD

Paris, 18 October 2019

COMMENTS ON THE ANNEX XV SVHC
REPORT FOR PERFLUOROBUTANE
SULFONIC ACID (PFBS) AND ITS SALTS

Space Sector Contribution to the ECHA public consultation on the Candidate List
proposal for Perfluorobutane sulfonic acid (PFBS) and its salts

EC Number: -
CAS Number: -

This is the joint contribution of the European Space Industry, represented by ASD-
EUROSPACE - with the support of European and national space agencies — to the ECHA
Public Consultation on the Candidate List proposal by Norway for Perfluorobutane sulfonic
acid (PFBS) and its salts. It has been prepared with support of the Materials and Processes
Technology Board of the European Space Components Coordination (ESCC MPTB).!

Our contribution relates to the identity of the substance (Part I, section 1 of the Annex XV
SVHC report). According to page 17 of the Annex XV report "1.2. Composition of the
substances [t]his dossier applies to PFBS and any/all of its salts. The salt forms included in
ECHA's database, either registered or notified, are listed in Table 3, Section 1.3. However, the
dossier is not limited to the currently registered and notified salt forms. It applies to any salt
form of PFBS, either currently existing or developed in the future.”

1. Such a broad and unspecific group entry appears to be not feasible from a compliance point
of view, even more so considering the long and widely distributed industrial supply chains
leading to the production of very complex hardware in our sector.

Industrial MPTB participants have analysed the group of PFBS and it salts through SciFinder.?
It reveals more than 1,000 CAS substances which are corresponding to this group. Such a
broad and unspecific entry, including all existing and even future salt forms unknown today is
not manageable for an industrial company such as space companies where CAS numbers are
the key data for every information system.

The REACH Article 33 obligation applies immediately with candidate listing. In addition, the
related new notification obligation under Article 9 of the revised Waste Framework Directive

1 See the list of MPTB participants at the end of this contribution (page 3).

2 https://sso.cas.org/as/5ciPd/resume/as/authorization.ping.
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2008/98/EC foresees far-reaching information requirements determined by ECHA 2 for
candidate list substances in articles, as such or in complex objects, applying from 5 January
2021.4

It will be very difficult to track all the individual substances of this wide group from the
formulator to the downstream users, article producers and assemblers of extremely complex
objects in the space industry to determine the scope of the obligation and fulfil their compliance
duties, if the 0.1% wi/w threshold is exceeded.

The Annex XV report also confirms this challenge (Section 8): Page 195 “Specific applications
for PFBS, as well as its potassium, tetraethylammonium and terabutylphosphonium salts, are
discussed in more detail below. The applications of the other salts, are not reported or
known.”

2. Such a broad listing also raises legal concerns.

As afirst point, Annex XV of the REACH Regulation requires the SVHC proposal to “include
the identity of the substance(s) concerned ” [...]. In this respect, Section 2 of Annex VI of the
REACH Regulation ® titled “Identification of the Substance” requires that “/fJor each
substance, the information given in this section shall be sufficient to enable each substance to
be identified. If it is not technically possible or if it does not appear scientifically necessary to
give information on one or more of the items /.../, the reasons shall be clearly stated.” This
information also includes EINECS or ELINCs number and CAS number, see Section 2.1.3 and
2.1.4 of REACH Annex VI. In our view these requirements are not fulfilled today, other than
for the substances that are specifically identified with EC and CAS numbers in the Annex XV
report (Tables 1-3).

Furthermore, the European Commission has already previously stated that “group/generic
entries might be possible in the Candidate List and Annex XIV as long as operators and
enforcement authorities can identify ex ante whether the substances operators use are
concerned by that entry.”’® However, this does not appear to be possible with the present Annex
XV proposal given the broadness and inclusion of future salts unknown today, which also raises
concerns with general principles of EU law, such as legal certainty and foreseeability, sound
administration and proportionality.’

3 https://echa.europa.eu/-/scip-database-will-improve-transparency-on-hazardous-substances-in-articles.

4 See however the Space Sector Position Paper in relation to non-waste hardware; available at
https://eurospace.org/space-industry-position-regarding-article-9-of-the-revised-waste-framework-directive-
2008-98-ec.

5 Specifically referred for Annex XIV entries in REACH Article 58(1) lit. a.

5 European Commission, REACH Authorisation - Relevance of the 80/20% rule used in substance naming and
identification in determining authorisation obligations under REACH for recovered substances on their own or
in mixtures, Doc. CA/98/2017 of 13 November 2017 for the 25th Meeting of Competent Authorities for REACH
and CLP (CARACAL) on 15-16 November 2017; available at https://circabc.europa.eu/w/browse/8a073cb6-
03cb-4665-a866-4a17b17a6f60 (requires registration).

7 See more in detail REACHLaw, Legal Study for Eurometaux “Interpretation of the Authorisation Status of
Substances in Substances (“SiS”) and Substances in Mixtures (“SiM”), 19 November 2018, Final Report;
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3. The timeframe of this consultation did not allow for a more in-depth impact assessment. We
are available for further questions and discussions, but would like to reiterate that it is
instrumental for complex article producers like companies in the Space Sector to be able to
work with a clear list of numerical identifiers (namely CAS numbers) to determine the
scope of their respective obligations and manage the corresponding data exchange/notifications.

PFBS-2019-C1-18102019

We therefore kindly request you to take our contribution into account for the further decision-
making.

Kind regards,

Pierre LIONNET
Secretary General and Director of Research
ASD-EUROSPACE

Pierre.lionnet@eurospace.orq
+33-(0)1 44 42 00 70

This contribution has been prepared with the support of the Materials and Processes
Technology Board of the European Space Components Coordination (ESCC MPTB). It
reflects the best knowledge available from experts in their field, thanks in particular to
the support of ASD-EUROSPACE, the following corporations represented in the MPTB:

AIRBUS DEFENCE AND SPACE, ARIANEGROUP, AVIO, MT AEROSPACE,
OHB, RUAG, TESAT, THALES ALENIA SPACE

and space agencies:

AGENZIA SPAZIALE ITALIANA (ASI), CENTRE NATIONAL D’ETUDES
SPATIALES (CNES), EUROPEAN SPACE AGENCY (ESA), GERMAN
AEROSPACE CENTER (DLR)

Other MPTB participants are MAP, a manufacturer of mixtures, REACHLaw, a
consultancy supporting the group on REACH and other chemical regulations, and the
European Defence Agency (EDA) as observer.

available at https://www.euractiv.com/wp-content/uploads/sites/2/2018/12/SVHC-SiS-SiM-legal-study-Final-
RL-20181119.pdf; see also KEMI, Grouping of chemical substances in the REACH and CLP regulations, 2018,
Section 4.6; available at https://www.kemi.se/global/pm/2018/pm-2-18-grouping-of-chemical-substances-in-
the-reach-and-clp-regulationsl.pdf.
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American’
Chemistry
Council

October 18, 2019

European Chemicals Agency
P.O. Box 400

00121 Helsinki

Finland

Submitted via: echa.europa.eu

Re: Proposal for Identification of a Substance of Very High Concern on the Basis of the
Criteria Set Out in REACH Article 57 for Perfluorobutane sulfonic acid (PFBS) and its
salts
Dear Sir or Madam:

The American Chemistry Council (ACC)' appreciates the opportunity to provide the following
comments on the proposal for identification of a Substance of Very High Concern (SVHC) on
the basis of the criteria set out in Regulation (EC) No. 1907/2006 of the European Parliament
and of the Council of 18 December 2006 concerning the Registration, Evaluation, Authorisation
and Restriction of Chemicals (REACH) Article 57 (the Proposal) for perfluorobutane sulfonic
acid (PFBS) and its salts, heretofore referred to as PFBS. ACC offers the following comments on
the Proposal.

1. The Proposal Does Not Demonstrate That Conditions Have Been Met for SVHC
Identification on the Basis of Equivalent Level of Concern (ELoC) to PBT/vPvB

The Proposal argues that PFBS should be identified as a SVHC under REACH on the basis that
the materials represent an ELoC to other substances identified in Article 57(a) through (e), that
is, ELoC to carcinogens, mutagens, reproductive toxicants, persistent, bioaccumulative and toxic
(PBT) substances and very persistent and very bioaccumulative (vPvB) substances, respectively,
for having “probable serious effects to human health and the environment.”? This Proposal
argues that for PFBS, “there is scientific evidence of probable serious effects to human health”>
due to a combination of properties, including extreme persistence and mobility, which will result
in contamination of drinking water sources. However, the Proposal does not provide sufficient

"' The American Chemistry Council (ACC) represents the leading companies engaged in the business of chemistry.
ACC members apply the science of chemistry to make innovative products and services that make people's lives
better, healthier and safer. ACC is committed to improved environmental, health and safety performance through
Responsible Care®; common sense advocacy designed to address major public policy issues; and health and
environmental research and product testing. The business of chemistry is a $526 billion enterprise and a key element
of the nation's economy. It is among the largest exporters in the nation, accounting for ten percent of all U.S. goods
exports. Chemistry companies are among the largest investors in research and development. Safety and security
have always been primary concerns of ACC members, and they have intensified their efforts, working closely with
government agencies to improve security and to defend against any threat to the nation’s critical infrastructure.

2 REACH Article 57(f)

*ld.
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policy or technical justification to warrant the conclusion that the materials demonstrate an
ELoC.

The persistence and mobility information presented in the Proposal are not equivalent to the
vPvB criteria in Article 57(e). The comparison of persistence and mobility to persistence and
bioaccumulation suggests that mobility is of equivalent concern to bioaccumulation. A case has
not been made in the Proposal that “M” and “B” are equivalent; rather that both criteria are
elements of potential exposure. There is no consensus in the scientific community regarding this
point, nor have there been sufficient policy discussions of it in Europe, to establish common
understanding.

Artificially limiting the mobility criteria to intrinsic substance properties, such as soil adsorption
coefficient (Koc), may misclassify a large range of substances that present no concern for
exposure from sources of drinking water, which will then create a potentially unnecessary burden
for both authorities and industry.

2. Assessment of Mobility and Exposure Via Drinking Water Can Be Achieved Using
Existing Risk Assessment Methods and Tools.

As discussed above, the Proposal’s underlying rationale for identifying PFBS as persistent and
mobile is to address concerns for exposure to the substance from drinking water. However, it is
possible to use existing risk assessment and risk management to address mobility and potential
exposure via drinking water.* Therefore, additional screening criteria for SVHC ELoC that
would lead directly to restriction or authorization under REACH are not warranted.

The concept of mobility is currently assessed as part of the exposure assessment required under
REACH. The environmental risk assessment aims to evaluate the exposure from the uses
registered by the applicant, which includes consideration of release rates® and environmental
transport in the environment.® As such, the mobility of a substance is already incorporated in the
exposure assessment, since properties such as environmental fate and partitioning to and between
different media are key input parameters. Narrowing the evaluation of mobility to a single
intrinsic property, such as Ko, may generate false positives inadvertently implicating many
substances that are not a real-world concern for exposure from sources of drinking water.

Environmental risk assessment under REACH addresses all environmental compartments,
including the groundwater compartment, as illustrated in the ECHA guidance for predicted
environmental concentration (PEC) derivation.” In particular, predicted exposure in groundwater
(PECiocalgrw) 1s used in the exposure modelling for humans with indirect exposure via the
environment. As indicated by the guidance, monitoring information may be used when it is

4 Current regulatory frameworks, including those for Plant Protection Products and Biocides, already make use of
such methods where there is a concern for mobility of a substance in the environment.

> ECHA Guidance R16 Chapter 16.3

8 ECHA Guidance R16 Chapter 16.5

7 ECHA Guidance R16 Chapter 16.6.6
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representative and within the scope of the risk assessment.® These points should be addressed in
Section 3.2.4 of the Proposal.

In addition, there are existing regulatory frameworks outside of REACH that should be utilized
for protection of drinking water, including the Water Framework Directive. This allows for
environmental monitoring to be used to determine if chemicals are present in drinking water at
levels that raise concern.

ACC supports the use of tiered, risk-based approaches for assessment of chemicals. Regulatory
action should not be based solely on screening-level, hazard criteria or intrinsic properties
without the opportunity for risk assessment. Based on the above considerations, including the
possibilities for addressing concerns for drinking water with existing risk assessment tools and
methods, in general, the combination of properties including mobility should not be considered
as ELoC for SVHC.

4. Need for General, Agreed-Upon Criteria

Finally, before identifying any ELoC for the environment, general criteria should be developed.
These criteria should include demonstration of how a substance being proposed as ELoC for the
environment has serious and irreversible effects on human health or the environment. Before
any substance-specific case based on ELoC for the environment is assessed, a policy discussion
on the applicability of ELoC criteria to the environment is required, and agreement needs to be
reached on any relevant assessment methodologies. In general, where possible, hazard
information must be put into appropriate context of realistic exposures.

The EU Commission recently addressed this issue in response to the Parliamentary question for
written answer E-000641-19.° In response to questions regarding if there is a mutual agreement
and understanding of what constitutes an equivalent level of concern under Article 57(f), the EU
Commission indicated that while criteria have been agreed upon in the case of sensitizers,
criteria have not been agreed upon for other effects. The EU Commission states:

Due to that, the Commission announced in 2018 in the REACH Review that it will ensure
together with ECHA and Member States that criteria for the identification of substances of very
high concern (SVHC) requiring an assessment of ELoC are developed and applied in a consistent
manner.'?

ACC supports the adoption of clear criteria before Article 57(f) can be used for evaluating
substances based on environmental criteria.
%k £ %

ACC appreciates the opportunity to provide these comments on the Proposal. In addition, the
ACC FluoroCouncil is providing further substantive comments on the Proposal for

8 ECHA Guidance R16 Chapter 16.4.2
9 Available at http://www.europarl.europa.eu/doceo/document/E-8-2019-000641 EN.html
10 1bid.
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consideration. If you have questions related to these comments, please feel free to contact me at
+1 202 249 6440 or via email at Suzanne hartigan@americanchemistry.com.

Sincerely,

Suzanne Hartigan, Ph.D.
Senior Director, Regulatory and Technical Affairs
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FluoroCouncil’s comments to the SVHC proposal for perfluorobutane sulfonic
acid (PFBS), its salts and related substances.

Norway submitted a proposal to identify perfluorobutane sulfonic acid, its salts and
related substances, heretofore denoted simply PFBS, as substances of equivalent
level of concern (ELoC) to those of other substances listed as substances of very
high concern (SVHC) in points (a) to (e) of Article 57 of Regulation (EC) No
1907/2006 (REACH) in accordance with Article 57(f) of REACH Regulation.

This is the third time that a SVHC proposal includes a concern about mobility in the
water compartment, and more generally, that an ELoC is claimed for environmental
effects other than endocrine disruption. Nonetheless, unlike for human health, no
criteria or methodology for applying ELoC have been developed for environmental
effects.

1.  Discussion on equivalent level of concern

The concept of EL0OC has been subject to a ruling of the European Court of Justice
(‘ECJ’) (Case C 323/15 P) in which the Court defined two cumulative conditions for its
application: first, it must be probable that the hazards arising from the substance’s
intrinsic properties have serious effects on human health or the environment.
Second, there must be scientific evidence that these effects give rise to an equivalent
level of concern to those of CMR, PBT or vPvB substances. With respect the first
condition on the severity of effects, it should not be considered as fulfilled for
substances which have a well-documented low environmental and/or human toxicity.
As for the second condition set by the ECJ, any use of the ELoC route should include
a scientific assessment of the risk of exposure and its related adverse effects.

At the same time, there is a clear lack of agreement and guidance on how Article
57(f) should be used to identify SVHC based on “probable serious effects to
the environment and humans”. This has been questioned by several stakeholders
during the public consultation on the SVHC Identifcation for PFHXA.

Cefic adresses ELOC by developing further material and evidence. This will facilitate
discussions with authorities regarding the methodology on how equivalent level of
concern should be envisaged and demonstrated.

We therefore call for an objective, transparent policy discussion on ELoC criteria for
environmental effects, before it can be considered as a valid basis for SVHC
identification. A SVHC proposal based only on assumptions of increasing
concentrations in the longterm without consideration of the available data and the
reasonable conditions of use that would allow for a better risk quantification, should
not be regarded as in line with the ECJ ruling. Additionally, failure to properly
implement the ELoC principle would result in legal uncertainty that could impact a
large number of substances and sectors of the European economy.





2. Mobility — hazard?

The criteria for equivalent level of concern to CMR substances for human health
effects were developed to assess SVHC proposals for certain sensitising substances.
At the time, a process of consultation within the relevant committees of REACH,
including in CARACAL, was followed. This resulted in a publication by ECHA of a
document listing the relevant criteria. A similar process has not been conducted for
persistent and the so-called ‘mobile’ substances. Unlike for bioaccumulation, mobility
criteria are not defined in REACH, but merely an element to be written on safety data
sheet (REACH Annex I, 12).

The whole discussion surrounding ‘mobility’ is confusing. It was Germany’s Federal
Environment Agency that proposed this ‘mobility’ concept to be used in REACH
framework to regulate substances which could contamiante drinking water and its
sources. However, it opened up discussion on the accuracy and the scientific
justification of such criteria developed by Germany. It is worth pointing out that
Germany’s approach represented in the SVHC identification proposal to PFHXA did
not manage to obtain the unanimous support from Member States and was
eventually withdrawn.

Further work is needed to determine the conditions according to which persistent and
mobile substances may represent an equivalent level of concern to a vPvB
substance in terms of adverse effects. In the EU, CEFIC and various industry
players are already engaged in the discussion with relevant competent authorities at
EU level, and detailed scientific discussion is expected to start soon between the
authorities and industry?.

Another important consideration relates to the main concern identified, which relates
to drinking water. SVHC identification does not address concerns with respect to the
protection of drinking water. In contrast, water legislation, but also other sectoral
regulations (plant protection products, biocides, industrial emissions directive, etc.),
provide tailored tools for substances representing a risk for water contamination. This
is also in line with CEFIC’s position. Furthermore, the SVHC identification induces
other obligations not related to improve water protection. It could lead to unnecessary
market deselection of products and their uses causing an unwanted collateral
damage to users and industry. This would not be in line with the EU Better
Regulation Agenda, which aims for targeted regulation that goes no further than
required, to achieve the necessary objectives.

Industry posed a guestion on the ultimate goal to be achieved by such ‘mobility’
application only to REACH-registered substances without a holistic approach to
protect drinking water source.

! https://chemicalwatch.com/82558/germanys-pmt-concept-not-fit-for-purpose-says-cefic (subscription
required)




https://chemicalwatch.com/82558/germanys-pmt-concept-not-fit-for-purpose-says-cefic



3. Conclusion

We hold the view that more tailored approaches, based on a risk assessment, may
have to be considered for substances with these properties. Especially, application
of ELoC should carefully be considered even if another fluorochemical compounds
(HFPO-DA, etc) have been identified as SVHC for ELoC environmental concern,
given the fact that industry, namely CEFIC, started collaborative discussion on the
methodology of ELoC application with the relevant competent authorities including
ECHA. To address the concerns such as the protection of drinking water source and
the consequent exposure to human and the environment, we propose that more
holistic approach be applied.
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Inter-individual, inter-city, and temporal trends of 19 per- and polyfluoroalkyl substances (PFASs) were
investigated in human milk collected in Stockholm (1972-2016) and Gothenburg (2007-2015), Sweden.
The concentrations of perfluoronexane sulfonate  (PFHxS), perfluorononanoate  (PFNA),
perfluorodecanoate (PFDA), perfluoroundecanoate (PFUNDA), and perfluorotridecanoate (PFTrDA) in
human milk from Stockholm increased significantly over the entire monitoring periods, whereas
branched (Br) and linear (L) isomers of perfluorooctane sulfonamide (FOSA) decreased. In human milk
from Gothenburg, significant downward trends were detected for perfluorododecanoate (PFDoDA),
PFHxS and Br-perfluorooctane sulfonate (Br-PFOS) over the last decade. This declining trend was also
observed for perfluorohexanoate (PFHxA), PFHXS, perfluorooctanoate (PFOA) and Br-PFOS in Stockholm
over the same time period. No significant differences were observed in concentrations or relative PFAS
profiles between Stockholm and Gothenburg. However, a comparison of the PFAS profile in Stockholm
milk revealed distinct profiles for the time periods 1972-1996, 2000-2012, and 2013-2016, reflecting
a shift in exposure over time. The lower bound estimated daily intake (EDI) for }_PFAS concentrations in

infants ranged from 7.1-40 ng per kg body weight per day (hg/kg bw/d) in Stockholm and from 5.2-25
Received 17th April 2018

Accepted 19th June 2018 ng/kg bw/d in Gothenburg over the studied time period, consistent with other European countries.

Overall these data indicate that exposure to some legacy PFASs via breastmilk is declining, presumably as
a result of regulation and phase-out initiatives. However, increasing concentrations for other PFASs and
a shift in the overall PFAS profile in recent years may pose an ongoing health risk to infants.

DOI: 10.1039/c8em00174;j

rsc.li/espi

Environmental significance

Per- and polyfluoroalkyl substances (PFASs) are anthropogenic substances which contaminate human blood globally. In breastfed infants, human milk is
among the most important sources of PFAS exposure. Characterizing PFAS levels and time trends in breast milk is therefore important for assessing risks to
infants. In the present work, we analyzed 19 PFASs (plus branched isomers) in human breastmilk from Stockholm (1972-2016) and Gothenburg (2007-2015) and
examined inter-individual and inter-city differences, along with temporal trends using change-point detection. Overall, concentrations, profiles, and inter-
individual variability were similar in milk from Stockholm and Gothenburg. Concentrations of long chain perfluorinated carboxylic acids and per-
fluorohexane sulfonate increased in human milk from Stockholm over the entire monitoring period, while for others PFASs, such as perfluorooctane sulfonate,
concentrations have decreased significantly over the last 10 years. These changes probably reflect increased manufacturing/use for some PFASs, and interna-
tional phase-out initiatives and regulation for others. Transformation of PFAA-precursors and/or differences in half-lives may also play a role in influencing the
observed trends for some PFASs. Given infants' sensitive developmental stage, the occurrence of PFASs in breastmilk is a concern, in particular for those
substances displaying increasing time trends over the last decade.

Introduction

Per- and polyfluoroalkyl substances (PFASs) are a class of over

“Department of Environmental Research and Monitoring, Swedish Museum of Natural
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T Electronic  supplementary  information

10.1039/c8em00174j

1136 | Environ. Sci.: Processes Impacts, 2018, 20, 1136-1147

3000 anthropogenic substances that have been manufactured
for over six decades." Owing to their stability and amphipathic
properties, PFASs have been used in a wide range of commercial
processes and consumer products.> Concern over the use of
these substances stems mostly from the occurrence of per-
fluoroalkyl acids (PFAAs; a sub-class of PFAS) in the global
environment, including water,** soils,” sediment,® wildlife” and

This journal is © The Royal Society of Chemistry 2018
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humans.® PFAAs have been linked to a wide range of adverse
health effects, including neuro- and immune toxicity, endocrine
disruption, and cancer (see review by DeWitt®). Long chain
PFAAs are extremely biopersistent, with human blood elimina-
tion half-lives on the order of several years.*®

Acknowledgement of the risks associated with long chain
PFAAs has led to a number of regulatory and industry phase-out
initiatives over the past 17 years. In the year 2000 one of the
major global PFAS manufacturers, 3M, began phasing out
production of perfluoroctanoate (PFOA) and perfluorooctane
sulfonyl fluoride (POSF)-derived products, including per-
fluorooctane sulfonate (PFOS)."* North American PFAS manu-
facturers subsequently volunteered to phase out long-chain
PFAAs by 2015,"" and in 2007, PFOS and POSF were added to
Annex B of the International Stockholm Convention on Persis-
tent Organic Pollutants. Nevertheless, production of POSF-
related products continues in some countries under produc-
tion and use exemptions™ and recent studies have reported
environmental contamination from the increasing use of
alternative fluorinated substances.*>**

Routes of human exposure to PFASs for the general pop-
ulation include food, house dust, air, and drinking water. In
infants, occurrence of PFASs is attributed to placental transfer
while in the womb, and breastfeeding post-partum.” It is esti-
mated that 94% of PFOS intake and 83% of PFOA intake in 6
month-olds is attributable to lactational exposure.’® Model
simulations and empirical data have demonstrated that daily
intake through breastfeeding and the resulting internal PFAS
levels can be higher in nursing infants than in mothers.**>*"
Several studies have also shown that maternal PFAS levels
decrease during breastfeeding and that PFAS levels in children
are correlated to breastfeeding duration, with as much as 2-fold
higher mean PFAA concentrations for breastfed infants
compared to non-breastfed.”* Clearly, the effect of PFAS expo-
sure on the health of both mother and baby is of concern.
Several studies have reported links between PFAA exposure and
perturbation in lipid metabolism**™* and glucose tolerance®*
during pregnancy. Exposure to some PFAAs during early life
stages has also been linked to adverse health effects such as
reduced birth weight and immune toxicity.>*>”

Previously, Sundstrom et al.”® reported statistically signifi-
cant declines in PFOS and PFOA concentrations from
2001-2008 in pooled human milk from Stockholm, Sweden.
These trends paralleled time trends observed in human serum
from other parts of the world.*****> However, Sundstom et al.*®
only measured 3 substances - PFOS, PFOA, and PFHXS;
numerous other PFASs may exist in breast milk, thereby posing
additional risk to infants. Time trends for some PFASs continue
to increase in human serum in some parts of the world,
including Sweden.**** Thus, the main objective of the present
work was to improve characterization of PFAS contamination in
Swedish breastmilk by generating time trends from 1972 to
2016 for an additional 16 PFASs (i.e. a total of 19 PFASs +
branched isomers). The second objective was to compare PFAS
time trends and inter-individual differences in milk from
Stockholm to another city, Gothenburg, in order to assess
possible differences in exposure between cities (e.g. due to

This journal is © The Royal Society of Chemistry 2018
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geographical and/or socioeconomic variation). Finally, PFAS
concentrations were used to determine estimated daily intakes
(EDIs) for infants which were compared to threshold levels
designed to be ‘safe’ for infant exposure.

Experimental
Sampling

Human milk samples from Stockholm and Gothenburg were
mainly collected through the Mothers’ Milk Centre at Stock-
holm South General Hospital and the Institution for Work and
Environmental Medicine at Gothenburg University, respec-
tively. Samples were collected between 2 weeks to 3 months
after delivery from healthy native Swedish mothers, who were
predominately non-smokers and primiparous (Table 1). There
were a total of 20 pooled samples analyzed from Stockholm
(1972-2016), containing 9-116 individual samples per pool, and
11 pooled samples from Gothenburg (2007-2015), containing
5-11 individuals per pool. Due to the limited availability of
stored samples, the number of subjects in each pool varied
considerably. In addition, samples collected in 2012 (16 from
Gothenburg and 20 from Stockholm) and in 2016 (10 from
Stockholm) were analyzed individually (Table 1). Samples were
initially stored at —18 °C in plastic bags and bottles. Upon being
shipped to the Environmental Specimen Bank at the Swedish
Museum of Natural History in Stockholm, samples were
thawed, transferred to pre-washed glass bottles with lids

Table 1 Sampling site and year of sampling, number of donating
mothers (N), mean age and percent primiparous in the sample(s)

Sampling site, Primiparous

year N Mean age (years) (%)
Stockholm 1972 75% 27-28 NA?

1976 78% 27-28 NA?

1980 116° 27-28 NA?

1984/85 102° 27-28 60

1988 20° 30 65

1992 20° 29 65

1996 20° 31 75

2000 20° 30 75

2004 20° 30 80

2008 18“ 28 100

2009 10% 10° 31;31 100; 100

2010 10% 97 295 307 100; 100

2011 11% 11 30; 30 100; 100

2012 20° 31 100

2013 10% 10% 26; 26 100; 100

2014 10% 11¢ 30; 30 100; 100

2016 10° 29 100
Gothenburg 2007 5% 5% 30; 30 80; 60

2008 8% 8%  NA? NA?

2010 114 7%  31; 30 55; 100

2011 9¢ 30 55

2012 16° 30 81

2013 8* 30 75

2014 6“ 30 67

2015 5% 5%  29; 30 80; 40

)

“ Pooled samples. ” Not available. ° Only available for 1 out of 10
mothers. ¢ Only available for 4 out of 9 mothers. ¢ Individual samples.

Environ. Sci.: Processes Impacts, 2018, 20, 1136-1147 | 1137
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covered with aluminum foil, and stored at —20 °C prior to
analysis.

Standards and reagents

Linear isomer standards of perfluoropentanoate (PFPeA), per-
fluorohexanoate (PFHxA), perfluoroheptanoate (PFHpA), PFOA,
perfluorononanoate (PFNA), perfluorodecanoate (PFDA), per-
fluorundecanoate (PFUnDA), perfluorododecanoate (PFDoDA),
perfluorotridecanoate ~ (PFTrDA),  perfluorotetradecanoate
(PFTeDA), 3-perfluoroheptyl propanoic acid (FHpPA), per-
fluorobutane sulfonate (PFBS), perfluorohexane sulfonate
(PFHxS), PFOS, perfluorodecane sulfonate (PFDS), per-
fluorooctanesulfonamide (FOSA), N-methyl perfluorooctane
sulfonamidoacetic acid (MeFOSAA), and N-ethyl per-
fluorooctane sulfonamidoacetic acid (EtFOSAA) were obtained
from Wellington Labs (Guelph, ON, Canada). All isotopically
labeled standards were obtained from Wellington Labs (a full
list is provided in Table S1, ESIf). Formic acid, ammonium
sulfate, and ammonium acetate were obtained from Merck.
Potassium hydroxide was purchased from VWR, methyl tert-
butyl ether (HPLC grade) was purchased from RATHBURN
(Walkerburn, Scotland) and acetonitrile was obtained from
Honeywell. Standard Reference Material (SRM) 1954: Organic
Contaminants in Fortified Human Milk, was obtained from the
National Institute of Standards and Technology (NIST).

Chemical analysis

Breast milk aliquots (2 mL each) were extracted according to
a previously published method.*® Briefly, after acidifying with
formic acid, each sample was spiked with isotopically labeled
internal standards. Samples were then vortexed, fortified with
600 pL of saturated ammonium sulfate, and then vortexed
again. Following addition of acetonitrile (7 mL), samples were
placed on a mechanical shaker for 30 minutes, after which they
were centrifuged. The top organic layer was transferred into
a polypropylene tube and evaporated at 40 °C. The extract was
then diluted with 300 pL of pure water and vortexed before
adding 500 uL of 1 M potassium hydroxide. The tube was vor-
texed and then supplemented with 7 mL of methyl tert-butyl
ether, then placed in a mechanical shaker for 20 minutes fol-
lowed by centrifugation. The organic layer was subsequently
transferred into a clean polypropylene tube. The extracts were
evaporated at 40 °C and then fortified with 200 pL of buffer
(1:2:1 ammonium acetate : acetonitrile : water). After vortex-
ing and centrifugation, the lower layer was transferred to
microvial for instrumental analysis.

Instrumental analysis (Table S1, ESIt) was carried out using
an ultra performance liquid chromatograph (UPLC) coupled to
a Xevo TQ-S triple quadrupole mass spectrometer (Waters)
operated in negative ion electrospray ionization, selected reac-
tion monitoring mode. Extracts were chromatographed on
a BEH C18 analytical column (2.1 x 50 mm, 1.7 um particle size,
waters) operated at a flow rate of 0.4 mL min ", using a mobile
phase composition of 90% water/10% acetonitrile containing
2 mM ammonium acetate (solvent A) and 100% acetonitrile
containing 2 mM ammonium acetate (solvent B). The gradient

1138 | Environ. Sci.: Processes Impacts, 2018, 20, 1136-1147
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profile is provided in Table S2, ESIL.{ A total of two precursor/
product ion transitions were monitored per analyte; one for
quantification and the other for qualification (Table S1, ESIT).
Quantitative determination of target compounds was carried
out by isotope dilution or an internal standard approach using
a linear calibration curve with 1/x weighting. Branched isomers
were determined semi-quantitatively using the calibration curve
for the linear The concentration of per-
fluoropentadecanoate (PFPeDA) was also estimated semi-
quantitatively using the calibration curve for PFTeDA. With the
exception of PFOA and PFOS, primary ions were always used for
quantification. For PFOA, the m/z 413/169 ion was used for
quantification because of an interference in m/z 413/369. For
PFOS, concentrations are reported as the average of m/z 499/80
and 499/99 ions for both branched and linear isomers, as
described in Riddell et al.** Sum PFOS was then obtained by
summing the concentrations of branched and linear PFOS.

isomer.

Quality control

Laboratory background contamination was monitored by
including procedural blanks (2 mL Milli-Q water, n = 4) during
the processing of real samples. Method accuracy and precision
were assessed using replicate quality control samples, consist-
ing of SRM 1954 (n = 3) and bovine milk analyzed with a low-
(0.48-2.03 ng mL™'; n = 4), or high- (1.44-6.10 ng mL™"; n = 4)
spike of PFASs (Table S3, ESIt). Finally, concentrations of PFOS,
PFOA, and PFHxS from 1972-2008 reported in Sundstrom
et al.”® were compared to data generated in the present work
(Fig. S1, ESIY).

Data handling

For lower bounds (LB) estimates of sum (3 ;9) PFAS concen-
trations, values <LOQ were replaced with ‘0’. For upper bounds
(UB) estimates, concentrations <LOQ were replaced with ‘0’ in
cases where a substance was not detected in any sample; in all
other cases values <LOQ were replaced with LOQ/2"2. Temporal
trend analysis was performed by log-linear regression for the
entire monitoring period and for the most recent ten years
using the yearly arithmetic mean values. In cases where a non-
linear trend was more representative of the development over
time, a 3-point running mean smoother was checked for
statistical significance compared to the regression line using
ANOVA.** In addition, non-linear trends were investigated using
change-point detection, a method that iteratively searches for
two log-linear lines with different slopes that explain signifi-
cantly more of the total variance than a single regression line
fitted for the whole monitoring period.*” Potential outliers were
detected using a method described by Hoaglin and Welsch.*®
However, potential outliers are still included in the statistical
calculations. The statistical treatment used for trend detection
is explained in more detail in Nyberg (2016).*® PFASs for which
data for more than 70% of the years were below LOQ (i.e. PFPeA,
PFPeDA, FHpPA, PFDS, MeFOSAA and EtFOSAA) were excluded
from the trend analysis. Principal Component Analysis (PCA)
was applied to PFAS profiles (i.e. concentration data converted
to a percentage of the Y PFAS concentration) to study difference

This journal is © The Royal Society of Chemistry 2018
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in PFAS patterns between Stockholm and Gothenburg (for
samples collected 2007-2016) and also over time (1972-2016) in
Stockholm. This method is described in more detail in Glynn
et al.** Hotelling's T° tests were performed to check for signifi-
cant differences in PFAS patterns between the periods
1972-1996, 2000-2012 and 2013-2016. The test was repeated
and thus the significance level of &« = 0.05 was Bonferroni
adjusted. An F-test was used to test if the variances differed
significantly between the samples with individual measure-
ments from Stockholm and Gothenburg in 2012. Only PFASs
with >50% of data above LOQ were included in both the F-test
and the PCA on differences in PFAS pattern between Stockholm
and Gothenburg. For the PCA examining differences in PFAS
patterns in Stockholm over time, >70% of data above LOQ was
set as the threshold for inclusion in the analysis. To analyze the
impact of confounding factors (e.g. age and parity) on measured
concentrations multiple regressions were used. Values below
LOQ were divided by the square root of 2 prior to inclusion in
the statistical calculations.

Results and discussion
Quality control

Blank concentrations were typically below method detection
limits for most targets (Tables S5-S7, ESIT). The exceptions
were for PFOA, PFNA, and FOSA, where low concentrations
(<12 pg mL ") were consistently observed, which was attributed
to the Milli-Q water used to prepare them (and which was not
added to real samples). Consequently, blank concentrations
were not subtracted from concentrations in real samples. One
blank also contained high concentrations of PFHXS, PFOS,
PFPeA, PFHxA, PFOA, and PFNA (again arising from the Milli-Q
water used to prepare it), but this was deemed anomalous since
concentrations in real samples from the same batch, as well as
blanks, samples, and QCs from subsequent batches, were all
well below these levels.

For most substances, method accuracy and precision were
good at both fortifications levels, with mean (+standard error of
the mean (SEM)) percent recoveries ranging from 73 + 1.7% to
129 + 3.5% and 73 £ 3.9% to 132 + 4.4% at low- and high-
spiking levels, respectively. PFHpA, PFBS, and FHpPA dis-
played lower recoveries at both fortification levels (9-63%),
likely due to an absence of exactly-matched, isotopically-
labelled internal standards. Nevertheless, precision remained
excellent for these substances and they were detectable at the
low fortification level. PFHpA, PFBS, and FHpPA were therefore
included in further data processing, albeit with the caveat that
concentrations reported here may be underestimated for these
targets.

External validation of the method was achieved through (a)
comparison of PFAS concentrations measured in SRM 1954
(n = 3) to those reported by Keller et al.** (Table S4, ESIt) and (b)
through comparison of PFHxS, PFOS, and PFOA concentrations
from 1972-2008 (Stockholm) generated here to concentrations
reported previously for these targets in Sundstrom et al.*®
(Fig. S1, ESIf). In general, concentrations reported in the
present work were similar or at the lower end of the range

This journal is © The Royal Society of Chemistry 2018
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reported by Keller et al.** (2010). The exceptions were for PFHXA,
which was higher and displayed wider variability than concen-
trations reported in Keller et al.,* and PFOA, which was
considerably lower in the present work. Given the very low
concentrations (i.e. typically ~tens of pg mL™") in milk, overall
method accuracy and precision was good. Notably, we have re-
ported PFPeA, PFTeDA, PFPeDA, PFHpPA, PFDS, MeFOSAA, and
EtFOSAA concentrations in SRM 1954 for the first time (Table
S4, ESIt). Finally, a comparison of PFHxS, PFOS, and PFOA
concentrations observed here against those in Sundstrom et al.
revealed good correlations (7* = 0.72-0.80) with concentrations
of PFOS and PFOA distributing approximately evenly above and
below the line of y = x (Fig. S11). PFHxS concentrations were
mostly situated above this line, indicating slightly lower
concentrations in the present work versus Sundstrém et al
(Fig. S17). Percent differences (i.e. |Sundstrom-present study|/
Sundstrom) of 18, 19, and 31% for PFOA, PFOS, and PFHxS,
respectively, confirmed that the differences were minor between
studies. Overall these data demonstrate good method perfor-
mance and study intercomparability.

PFAS profiles

> 19PFAS concentrations in pooled samples from Stockholm
(1972-2016) ranged from 110-470 pg mL™ ' for LB estimates
(Fig. 1) and from 130-490 pg mL " for UB estimates. In Goth-
enburg (2007-2015) > ;oPFAS concentrations ranged from
110-220 pg mL ™" (LB) and from 130-230 pg mL " (UB). A PCA
of PFAS profiles in Stockholm and Gothenburg from 2007-
2015 revealed no significant difference in patterns (Fig. 2B),
implying the predominant source of PFAS exposure in mothers
from both cities is similar.

The highest ) ;oPFAS concentration observed among all
samples was for the year 1988 from Stockholm (Fig. 1). Across
all years and in both cities, PFOS (sum isomers) and PFOA were
consistently the dominant PFASs. The only exception was for
PFHxA, which was intermittently detected at concentrations of
up to 80 pg mL ™" in 1984 and at concentrations up to 130 pg
mL~" in an individual from 2016. Concentrations of PFOS re-
ported here were within or below the range of average concen-
trations (46-260 pg mL™'; arithmetic means) reported in
a worldwide review** for 2006-2010. Another review,** which
included studies from 2008-2015, reported somewhat lower
levels (arithmetic means) of PFOS in human milk, more in
accordance with concentrations in the present study. PFOA
concentrations in this study was also in line with concentra-
tions reported previously (about 40-150 pg mL™").*

PFAS concentrations in individuals sampled in 2012 from
Stockholm and Gothenburg are provided in Fig. 3. ) ;oPFAS
concentrations ranged from 83-290 pg mL " (LB) and 110-310
pg mL ™" (UB) for Stockholm (7 = 20) and 61-290 pg mL™~" (LB)
and 90-320 pg mL " (UB) for Gothenburg (n = 16). As was the
case in pooled samples, the profiles in individuals were domi-
nated by PFOS (sum isomers) and PFOA at concentrations of 53
+ 27 and 53 + 24 pg mL " (arithmetic mean of individuals from
both cities &+ standard deviation), respectively. Notably, FHpPA
was observed in 8 samples from Stockholm at concentrations

Environ. Sci.. Processes Impacts, 2018, 20, 1136-1147 | 1139
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Fig.1 Lower bounds estimates of the mean PFAS concentrations in milk sampled from Stockholm (1972-2016) and Gothenburg (2007-2015).
Each year represents the average of n = 1-3 pools, with the exception of 2012 which are the mean of individual samples (n = 20 for Stockholm

and n = 16 for Gothenburg).

up to 42 pg mL ™" and 1 sample from Gothenburg at a concen-
tration of 15 pg mL ™. This target was not observed in blanks.
To our knowledge FHpPA has not previously been reported in
human milk. This substance (also known as 7 : 3 fluorotelomer
acid), is a stable transformation production of 8:2 fluo-
rotelomer alcohol (FTOH), which is incorporated into a wide
range of consumer products. FHpPA was previously reported at
concentrations up to 3.9 ng mL™" in serum from ski wax tech-
nicians.** The short-chain PFOS replacement PFBS also
appeared in individuals from Gothenburg at a higher frequency
(7/16 samples) compared to Stockholm (1/20 samples). Among
PFASs detectable in over 50% of samples, coefficients of

A. Stockholm, 1972-2016

PC2, 19%

1972-1996
2000- 2012
2013-2016

PC1, 34%

PC2, 22%

variation (CVs) for individual PFASs were not statistically
different, with the exception of FOSA (F-test; p = 0.0087), which
displayed greater variability in Gothenburg. In both cities, the
highest CVs were observed for PFTeDA, while the lowest CVs
were observed for PFOA, PFUnDA and PFNA.

Temporal trends

The concentrations of PFHxS, PFNA, PFDA, PFUnDA, and
PFTrDA increased significantly (3.3-3.7% per year) between
1972 and 2016 in Stockholm (Table 2, Fig. 4) whereas a signifi-
cant downward trend was observed for Br- and L-FOSA (—3.2
and —4.8% per year respectively, Table 2, Fig. 4 and S3, ESIf).

B. Stockholm and Gothenburg, 2007-2016
°

PC1, 20%

Fig.2 PCA (Principal Component Analysis), biplot and Hotellings 95% confidence ellipses for center of gravity for each group. (A) PFASs (L-FOSA,
PFDA, PFDS, PFHxXS, PFNA, PFOA, Br-PFOS, L-PFOS, PFUNDA) in human milk from Stockholm 1972-2016 and (B) PFASs (PFOA, Br-PFOS, L-PFOS,
PFNA, PFDA, PFUNDA, PFTrDA) in human milk from Stockholm and Gothenburg (2007-2016).
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Fig. 3 PFAS concentrations in milk sampled from individual mothers from Stockholm (n = 20) and Gothenburg (n = 16) in 2012. Boxes display 1st
and 3rd quartiles bisected by the median while whiskers represent the range for the entire dataset. Concentrations were not significantly different
between cities however FOSA displayed a significantly higher CV in Gothenburg compared to Stockholm.

Concentrations of PFHxS, Br-PFOS and PFDoDA, decreased
significantly between 2007 and 2015 in the milk samples from
Gothenburg (Fig. S2 and S3, ESIt). Significant upward-down-
ward change-point trends (Table 3) were detected in Stockholm
for Br- and L-PFOS (1988), PFOA (2000), PFHxS (2004) and PFNA
(2010), while upward-upward trends were observed for PFUnDA
(1984) and downward-upward trends were observed for PFTeDA
(2004), PFBS and PFHxA (2011) (Table 2, Fig. 4 and S3, ESIt). No
trend or change-point was observed for PFHpA and PFDoDA,
but for 10 and 11 years (respectively) out of 17 all samples were
below LOQ. PFNA and PFDA showed similar increasing trends
in pooled blood serum samples from nursing women living in
Uppsala.* In that study, serum PFHXS increased over the entire
monitoring period (including the most recent years). In
contrast, PFHxS in milk from the present work showed
a significant decreasing trend from 2004 and onward. In 2012
some of Uppsala's drinking water supply was found to be
contaminated with PFASs, most likely originating from fire-
fighting foams used at a military airport just outside Uppsala.
PFHxS was one of the substances found in high levels in the
drinking water; consequently, ongoing PFHXS contamination
could explain the absence of a decrease in concentrations in
that area.* In contrast, decreasing trends (1995-2010) for FOSA,
PFOA and PFOS concentrations were reported in human serum
from Uppsala*® consistent with our observations in milk and
with the phase-out by 3M.

There was a clear shift in PFAS pattern (PFOA, PFNA, PFDA,
PFUNnDA, PFHxS, Br-PFOS, L-PFOS, PFDS, L-FOSA) over the
study period (1972-2016) in Stockholm (Fig. 2A). Before 1996
the PFAS pattern was dominated by Br-PFOS, L-PFOS and L-
FOSA; since then the concentrations of these substances have

This journal is © The Royal Society of Chemistry 2018

decreased, while concentrations of PFUnDA, PFDA and PFDS,
have increased (samples from 2013-2016). This change in
pattern may be due to the large historical production of PFOS
and PFOS precursors before 2000, which was followed by
ongoing contemporary production of long-chain PFCAs and
PFCA precursors. Differences in the environmental fate and/or
elimination half-lives of individual PFASs may also influence
trends observed in humans. The centers of gravity for the three
time periods were all significantly different (repeated Hotellings
T” test, p< the Bonferroni adjusted « value of 0.0167). The shift
in PFAS pattern over time in milk from Stockholm is consistent
with a shift in pattern reported previously in blood samples
from Uppsala*® over a slightly different time period.

Estimated daily intakes and potential health risks

The upper- and lower-bound PFAS concentrations measured in
maternal breast milk were used to determine the estimated
daily intake (EDI) of individual and ) PFASs via breast milk
(Tables S8 and S9, ESIT). For these calculations an infant body
weight of 7 kg and a milk consumption rate of 600 mL per day
were used, as described in Kdrrman et al.*®* Lower bounds esti-
mates ranged from 7.1-40 ng per kg body weight per day (ng/kg
bw/d) in Stockholm and from 5.3-25 ng/kg bw/d in Gothenburg,
while upper bounds estimates ranged from 9.7-42 in Stockholm
and 7.7-27 ng/kg bw/d in Gothenburg. In comparison, Winkens
et al.* estimated a > PFAS EDI of 29 ng/kg bw/d for milk
sampled from Sweden in 2004*® and 43 ng/kg bw/d for milk
sampled from Spain in 2008,* while Tao et al.*® estimated an
EDI of up to 87 ng/kg bw/d for milk collected in the U.S. in 2004.

Whether or not these EDIs represent a significant health risk
for infants is a source of debate. Winkens et al.*” pointed out

Environ. Sci.: Processes Impacts, 2018, 20, 1136-1147 | 1141
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Table 2 Summary of trends for detectable PFASs over the total study period (and last 10 years period for Stockholm) (in %) assessed from the
annual means (pg mL~%) in human milk from Stockholm and Gothenburg. P: p-value; YRQ: years required to detect an annual change of 10% with
a power of 80%; LDT: lowest detectable trend (% per year) for a 10 years period with the current between-year variation at a power of 80%. Last
year's concentration is estimated from the smoothed trend. Numbers in brackets are 95% confidence intervals (C.l.). The total number of samples
and years (N) for each time-series are shown in columns three and four

N

Substance Sampling site samples Nyears Period (years) Trend % (95% C.I.) P YRQ LDT % Lastyear pg mL ™" (95% C.I.)
FOSA Stockholm 50 17 72-16 —4.2(—7.5, —0.86) 0.018 24 59 2.2(1.4, 3.4)

Stockholm 9 07-16 2.2(—16, 24) 0.795 17 29

Gothenburg 27 8 07-15 2.4(—14, 22) 0.753 17 27 2.1 (1.3, 3.4)
Br-FOSA Stockholm 50 17 72-16 —3.2(—5.4, —0.89) 0.010 19 34 0.59(0.44, 0.80)

Stockholm 9 07-16 —2.5(—15, 11) 0.660 14 18

Gothenburg 27 8 07-15 —1.3(—11, 9.8) 0776 12 15 0.67(0.41, 1.1)
L-FOSA Stockholm 50 17 72-16 —4.8(—7.7, —1.8) 0.004 22 50 1.4(0.90, 2.0)

Stockholm 9 07-16 2.8(—18, 29) 0.772 19 35

Gothenburg 27 8 07-15 4.0(—16, 29) 0674 19 35 1.4(0.66, 3.0)
PFBS Stockholm 50 17 72-16 —0.69(—3.6, 2.3) 0.626 22 47 4.4(3.1, 6.2)

Stockholm 9 07-16 25(—0.80, 57) 0.056 19 36

Gothenburg 27 8 07-15 0.78(—6.2, 8.3) 0.800 10 9.6 0.71(0.56, 0.90)
PFDA Stockholm 50 17 72-16 3.3(1.9, 4.8) <0.001 14 18 6.1(5.0, 7.5)

Stockholm 9 07-16 —0.82(—10, 9.5) 0.845 12 13

Gothenburg 27 8 07-15 —-7.1(-21, 8.9) 0302 16 24 5.7(3.1, 10)
PFDODA  Stockholm 50 17 72-16 0.80(—0.52, 2.1) 0.218 13 17 1.3(1.0, 1.6)

Stockholm 9 07-16 7.5(—9.2, 27) 0.337 16 24

Gothenburg 27 8 07-15 —8.6(—14, 3.1) 0.010 9 7.8 0.71(0.56, 0.90)
PFHpA Stockholm 50 17 72-16 —0.20(—1.2, 0.80) 0.678 11 12 7.1(5.9, 8.5)

Stockholm 9 07-16 —0.97(—5.1, 3.3) 0.590 8 5.2

Gothenburg 27 8 07-15 —4.8(—11, 1.9) 0129 10 9.0 7.8(6.3, 9.6)
PFHxA Stockholm 50 17 72-16 0.56(—2.0, 3.2) 0.647 20 38 57(39, 85)

Stockholm 9 07-16 23(4.1, 45) 0.023 16 24

Gothenburg 27 8 07-15 —0.16(—18, 22) 0.985 18 31 29(14, 62)
PFHXS Stockholm 50 17 72-16 3.6(1.1, 6.1) 0.007 19 35 7.3(5.3, 10)

Stockholm 9 07-16 —5.3(-10, —0.05)  0.049 8 6.6

Gothenburg 27 8 07-15 —9.3(—16, 1.8) 0024 11 11 3.4(2.7, 4.2)
PFNA Stockholm 50 17 72-16 3.6(1.6, 5.7) 0.002 17 28 15(12, 19)

Stockholm 9 07-16 —12(-25, 3.2) 0.100 15 23

Gothenburg 27 8 07-15 —0.12(—3.0, 2.8) 0.926 7 3.7 17(15, 19)
PFOA Stockholm 50 17 72-16 —0.09(—1.6, 1.4) 0.903 14 20 46(40, 54)

Stockholm 9 07-16 —7.3(—13, 1.3) 0.025 9 7.9

Gothenburg 27 8 07-15 —5.6(—13, —2.4) 0131 11 11 55(40, 77)
PFOS Stockholm 50 17 72-16 —0.80(—3.4,0.93)  0.529 20 41 45(39, 51)

Stockholm 9 07-16 —4.5(—9.6, 0.095) 0.088 9 6.8

Gothenburg 27 8 07-15 —6.8(—16, 4.0) 0.167 13 15 50(33, 77)
Br-PFOS Stockholm 50 17 72-16 —0.93(—3.9, 2.2) 0.526 22 49 11(8.6, 13)

Stockholm 9 07-16 —11(-17, —=5.2) 0.004 9 8.2

Gothenburg 27 8 07-15 —11(—20, —0.70) 0.040 12 15 9.3(6.2, 14)
L-PFOS Stockholm 50 17 72-16 —0.70(—3.3, 1.9) 0.578 20 40 34(29, 39)

Stockholm 9 07-16 —3.6(—9.0, 2.0) 0.160 9 7.1

Gothenburg 27 8 07-15 —5.8(—17, 6.6) 0282 14 18 41(26, 64)
PFTeDA Stockholm 50 17 72-16 1.0(—0.70, 2.8) 0.225 16 23 1.5(1.2, 1.9)

Stockholm 9 07-16 11(-3.3, 28) 0.110 14 20

Gothenburg 27 8 07-15 —2.4(—15, 13) 0.697 15 21 0.75(0.42, 1.3)
PFTrDA Stockholm 50 17 72-16 3.5(2.0, 5.0) <0.001 14 18 2.1(1.6, 2.7)

Stockholm 9 07-16 10(—2.6, 24) 0.104 13 16

Gothenburg 27 8 07-15 4.4(—9.9, 21) 0.500 15 22 2.4(1.5, 4.1)
PFUNDA  Stockholm 50 17 72-16 3.6(2.1, 5.2) <0.001 14 20 4.4(3.8, 5.0)

Stockholm 9 07-16 1.3(—4.8,7.7) 0.636 9 7.7

Gothenburg 27 8 07-15 0.27(—8.4, 9.7) 0934 11 12 5.2(3.6, 7.5)

that the tolerable daily intake (TDI) for PFOS and PFOA set by
EFSA (150 and 1500 ng/kg bw/d, respectively) are up to two
orders of magnitude higher than the minimal risk levels (MRL)
set by the Agency for Toxic Substances & Disease Registry (30
and 20 ng/kg bw/d, respectively). Notably, none of the EDIs

1142 | Environ. Sci.: Processes Impacts, 2018, 20, 1136-1147

determined here for PFOS or PFOA exceeded these levels, even
using upper bounds estimates. However, the aforementioned
TDIs and MRLs only consider single substances; safe levels for
most of the PFASs measured in the present work have yet to be
defined and few data are available on the risks associated with

This journal is © The Royal Society of Chemistry 2018
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Fig. 4 Temporal trends of FOSA (sum isomers), PFBS, PFDA, PFDoDA, PFHxA, PFHXS, PFNA, PFOA, PFOS (sum isomers), PFTeDA, PFTrDA and

PFUNDA (pg mL™%; y-axis) in human milk from Stockholm (1972-2016; x-axis). Curves represent significant (p < 0.05) linear (red), non-linear
(dashed purple) and change-point (blue) trends. Grey bars represent years where all values were <LOQ. Error bars (95% C.1.) are shown for years
where there are individual samples.
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Table 3 Change-point detection for detectable PFASs assessed from
the annual arithmetic means (pg mL™%) in human milk from Stockholm
1972-2016. NY is the total number of years for the various time-series,
P(trend) shows the p-value for the log-linear regression, P(CP) shows
the p-value for the change-point, year(CP) is the year when the CP
occur, b(l), (2) are the slopes of the first and second regression line
which also is equal to the average annual percentual change in
concentration, P(1), (2) the p-values for the first and second regression
line and LOQ/NY show number of years were all samples were below
the level of quantification (LOQ)

PFASs  P(CP) Year(CP) b(1) P(1) b(2) P(2) LOQ/NY
FOSA 0.077 1984 2/17
Br-FOSA <0.001 1984 21.30 0.052 —6.22 <0.001 6/17
L-FOSA 0.022 1984 19.48 0.063 —8.28 <0.001 3/17
PFBS 0.037 2011 —2.32 0.137 58.7 0.006 6/17
PFDA 0.171 1992 4/17
PFDoODA 0.125 2011 10/17
PFHpA 0.657 1988 11/17
PFHxA 0.018 2011 —1.36 0.251 46.7 0.048 9/17
PFHXxS <0.001 2004 9.74 <0.001 —9.55 0.002 0/17
PFNA 0.008 2010 6.04 <0.001 —4.58 0.608 0/17
PFOA <0.001 2000 4.14 0.007 —7.46 <0.001 0/17
PFOS <0.001 1988 17.0 0.002 —6.63 <0.001 0/17
Br-PFOS <0.001 1988 19.4 0.007 —7.35 <0.001 0/17
L-PFOS <0.001 1988 16.9 0.002 —6.34 <0.001 0/17
PFTeDA 0.006 2008 —1.81 0.054 12.55 0.039 7/17
PFTrDA 0.462 1992 5/17
PFUnDA <0.001 1984 15.1 0.084 0.130 0.792 2/17

cumulative exposure to multiple PFASs. Of note, both the
Swedish Drinking Water Guideline and the US EPA Drinking
Water Health Advisory Levels define thresholds based on
>"PFAS concentrations.”** With this in mind, our lower
bounds ) PFAS EDIs exceeded the 20 ng/kg bw/d MRL for PFOA
in 6 individual samples (2012, 2016) and 7 pools (1984-2004
and 2010) from Stockholm and 2 individuals (2012) and 3
pooled samples (2007, 2010, and 2014) from Gothenburg. Using
upper bounds estimates, the PFOA MRL was exceeded in 10
individuals from Stockholm (2012, 2016) and three individuals
from Gothenburg (2012).

Confounding factors

In studies where PFAS concentrations are affected by con-
founding factors (e.g. age or parity) it is possible to adjust the
concentrations for these confounders to lower the variation
within the samples. A multiple regression analysis showed no
significant correlations between age (parity was not included in
the multiple regression since all mothers from Stockholm in
2012 were primiparous) and concentration for any of the PFAS
analyzed in Stockholm 2012. Correspondingly the PFAS
concentrations in samples from Gothenburg in 2012 did not
show any significant correlations with either age or parity, with
the exception of Br-PFOS which was significantly negatively
correlated with age (p < 0.019). The adjustment of Br-PFOS
concentrations with age improved the coefficient of variation
(CV) from 77% to 54% (Fig. S4, ESIt). This is in contrast to the
pattern seen for most fat soluble POPs, in which concentrations
in milk tend to increase with age.** To reduce the influence of

1144 | Environ. Sci.: Processes Impacts, 2018, 20, 11361147
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confounding factors the sample definition in the sampling
program is narrow, the mothers are of similar age and most of
them are primiparous. Thus, the range of the age (Stockholm
and Gothenburg) and parity (Gothenburg) were small, which
reduces the likelihood of finding significant correlations with
concentration.

Conclusions

While the concentrations of several PFASs have declined in
human milk in recent years, others continue to increase,
presumably due to ongoing commercial use. These divergent
time trends have resulted in a shift in the PFAS profile in human
milk over the last 5 years compared to 2000-2012 and pre-2000.
As few data are available on the effects of cumulative PFAS
exposure, the impact of this ‘new’ profile on the risks to infant
health remain unclear. With this in mind, hazard assessments
involving simultaneous exposure to multiple PFASs in relative
proportions consistent with those observed in human milk
would improve overall risk characterizations, and predictions of
the potential health impact of shifting PFAS profiles over time.
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