Supporting Material for “Examination of the endocrine disrupting properties of “active chlorine generated from seawater by electrolysis” in response to the European Biocidal Products Regulation: current knowledge and methodological challenges”.
Said Kinani1*, Salma Achawi2,3, Sylvaine Ronga Pezeret3, Aleksandra Piotrowski4, Christine Gauthey-Lapize2, Ilse Tonk5, Mira Wenker5, Fabrice Nesslany6.
* For correspondance
[1] EDF R&D LNHE - Laboratoire National d’Hydraulique et Environnement - 6 Quai Watier, 78401 Chatou Cedex 01, France - Tel.: +33 (0)1 30 87 91 13 - e-mail: said.kinani@edf.fr.
[2] EDF DIPDE - Division de l’Ingénierie du Parc, de la Déconstruction et de l’Environnement – 154 avenue Thiers - 69458 Lyon Cedex 06, France.
[3] EDF SEM - Medical Studies Department, General Direction of Safety and Health - 4 rue Floréal, 75017 Paris, France.
[4] EDF ETOXI - Industrial Toxicology Division at EDF, General Direction of Safety and Health - 4 rue Floréal, 75017 Paris, France.
[5] Charles River Laboratories, 'S-Hertogenbosch, Netherlands.
[bookmark: _Hlk135227879][6] ERBC Group. Chemin de Montifault, 18800 Baugy, France.




Contents of the Additional material:
Figure S1. Location of EDF’s NPPs in the English Channel (adapted from NordNordWest/Wikipedia, link to the original figure: //commons.wikimedia.org/wiki/File:English_Channel_location_map.svg).
Figure S2. Flowchart illustrating the endocrine disruption assessment strategy as provided in the ECHA/EFSA Technical Guidance Document (2018).  
Figure S3. Electrochlorination cells (A) and chlorine storage tank (B) of one of the units od the Gravelines NPP, operated by EDF (the arrow to the right of Figure 2-B indicates the sampling point). 
Table S1. Results of the systematic literature review.
Table S2. List of studies excluded for irrelevance after detailed assessment and reason(s) for exclusion.
[bookmark: _Hlk143601481]Table S3. List of experimental studies whose results were considered relevant and reliable.
[bookmark: _Hlk143601533]Table S4. Data matrix summarizing the collected information (toxicity studies in mammals and wildlife) (given in excel format).
Table S5. Result of ToxCast Database.
Table S6. Lines of evidence for the E, A and S-modalities and for the T-modality (given in excel format).
Table S7. EAS-mediated endpoints studied vs missing.
Table S8. Threshold applied to receptor-ligand binding free energies (in kcal mol-1) vs threshold values of sensitivity (SE).
Table S9. Composition of DMEM/F-12 marketed by PAN Biotech (extracted from https://pdf.dutscher.com/doc/P04-41250/P04-41250_FTen.PDF).
Table S10. Estimation of the chlorine to -NH2 ratio in the exposure wells.


[image: ]
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Figure S2 . Flowchart illustrating the endocrine disruption assessment strategy as provided in the ECHA/EFSA Technical Guidance Document (2018).
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Figure S3. Electrochlorination cells (A) and chlorine storage tank (B) of one of the units od the Gravelines NPP, operated by EDF (the arrow to the right of Figure 2-B indicates the sampling point).








Table S1: Search terms used for the systematic review in bibliographic databases.
	Databases
	Date of search
	Search terms 
	Number of items

	
	
	
	Found

	Selected after abstract evaluation
	Retained after full text evaluation

	PubMed
	April 2023
	[bookmark: _Hlk135211603]Search terms 1: “hypochlorite” or “hypochlorous” or “7790-92-3”(a) or “14380-61-1”(b) or “7681-52-9”(c)
And
Search terms 2(d): “toxic*” or “hazard” or “adverse” or “health” or “*epidem” or “medical*” or “poison*” or “subchronic” or “chronic or “carcinoma*” or “carcinog*” or “cancer” or “cancers or “cancero*” or “canceri*” or “neuron*” or “neurole*” or “neurolo*” or “behave*” or “endocrine*” or “hormone*” or “reproduct*” or “development*” or “malformation*” or “anomal*” or “fertile*” or “fecund*” or “foet*” or “fetu*” or “feta*” or “matern*” or “pregnan*” or “embryo*” or “estrogen*” or “oestrogen*” or “antiestrogen*” or “antioestrogen*” or “androgen*” or “antiandrogen*” or “thyroid*” or “weight*” or “histopathology*” or “teratogen*”
	4194
	35
	8

	Agricola
	April 2023
	Search terms 1: “hypochlorite” or “hypochlorous” or “7790-92-3”(a) or “14380-61-1”(b) or “7681-52-9”(c)
	15
	1
	0

	ECOTOX
	April 2023
	Search terms 1: “hypochlorite” or “hypochlorous” or “7790-92-3”(a) or “14380-61-1”(b) or “7681-52-9”(c)
And
Search terms 2: Species: Animal / Effect groups: Development Hormone(s); Growth; Morphology; Reproduction / Habitat: Aquatic; Terrestrial
	8
	3
	0

	COSMOS DB
	April 2023
	Search terms: “hypochlorite” or “hypochlorous” “sodium hypochlorite” or “7790-92-3”(a) or “14380-61-1”(b) or “7681-52-9”(c)
	1
	1
	0

	ToxCast
	April 2023
	Search terms: “hypochlorite” or “hypochlorous” “sodium hypochlorite” or “7790-92-3”(a) or “14380-61-1”(b) or “7681-52-9”(c)
	41
	-
	11

	eChemPortal
	April 2023
	Search terms: “hypochlorite” or “hypochlorous” “sodium hypochlorite” or “7790-92-3”(a) or “14380-61-1”(b) or “7681-52-9”(c)
	3
	3
	3


[bookmark: _Hlk144365304]Legend: (a) 7790-92-3, CAS number of hypochlorous acid (HOCl); (b) 14380-61-1, CAS number of hypochlorite (-OCl); (C) 7681-52-9, CAS number of sodium hypochlorite (NaOCl); (b) search term 2 in the case of PubMed database was restricted to title and abstract; PubMed, https://pubmed.ncbi.nlm.nih.gov; Agricola, https://www.nal.usda.gov/agricola; ECOTOX, https://cfpub.epa.gov/ecotox; COSMOS DB, http://cosmosdb.eu/; ToxCast, https://actor.epa.gov/dashboard/; eChemPortal, https://www.echemportal.org/echemportal/.


[bookmark: _Hlk144215894]Table S2. List of studies excluded for irrelevance after detailed assessment and reasons for exclusion.
	Ref.
	Title
	Main reasons for exclusion 

	1
	Evaluation of chemicals used for drinking water disinfection for production of chromosomal damage and sperm-head abnormalities in mice
	In this study, the evaluation of sperm-head abnormalities performed in mice was a measure of mutagenic potential to germ cells. The study does not provide information on endocrine activity or adversity.

	2
	Toxico-pathological effects of sodium hypochlorite administration through drinking water in female Japanese quail (Coturnix japonica)
	Female Japanese quail were exposed via drinking water to sodium hypochlorite (0, 25, 50, 200, 400 mg L-1) for 6 weeks. Over the 4 next weeks, concentrations of groups 25 and 50 mg L-1 were gradually increased up to 6400 mg L-1. A decrease in egg production was observed, but it was associated with decreased feed intake and body weight and altered haematological parameters. These effects at very high doses were thus not considered relevant for the assessment of endocrine activity or adversity.

	3
	Pathological effects of sodium hypochlorite administration through drinking water in male Japanese quails (Coturnix japonica)
	Male Japanese quail were exposed via drinking water to sodium hypochlorite (0, 25, 50, 200, 400 mg L-1) for 6 weeks. Over the 4 next weeks, concentrations of groups 25 and 50 mg L-1 were gradually increased up to 6400 mg L-1. In high dose groups, testes relative weight was decreased and histopathological changes were observed in testes, but these effects were associated to signs of general toxicity (reduction in feed intake and body weight, altered haematological parameters, and clinical signs). These effects at very high doses were thus not considered relevant for the assessment of endocrine activity or adversity.

	4
	A morphological defect in shiner perch resulting from chronic exposure to chlorinated sea water
	No abstract was available, thus full text was analyzed based on the unclear relevance of the title. This publication studied the effects of chlorinated sea water on wild shiner perch collected from Sequim Bay. Chlorination system of sea water (pumped from the same bay) is not described. 4 gravid females were exposed to different total residual oxidants (TRO) concentrations (TRO fraction includes HOCl and OCl- but also N-chloramines). After 6 weeks, exposure of 5 selected young fish per group continued for several months. Morphological defects to eyes, but also death of young shiner perch were observed, relevance of the observation was thus limited. Experimental conditions were not standardized and not very detailed, thus reliability was also limited.

	5
	Toxicity of chlorine and other chlorinated compounds to some Australian aquatic organisms
	Effects of chlorine, added in test solutions as sodium hypochlorite, were assessed in ten-day lifecycle tests following OECD TG 202 (1987) in Ceriodaphnia dubia. Brood size and timing of young production were observed. All animals in the two highest concentrations died within 4 days. The authors indicated that the observed effect was death prior to the production of any young and that there were no significant effects on young production. No detailed results or test protocol are presented. Therefore, relevance and reliability were limited.

	6
	Acute and short-term chronic Effects of Continuous and Intermittent Chlorination on Mysidopsis bahia and Menidia beryllina
	Toxicity of 7-d exposure to chlorination (sodium hypochlorite) was studied in 2 saltwater species: the mysid, a crustacean and the inland silverside, a fish. Concentrations were expressed as TRO (total residual oxidants) concentration, measured in aquaria water during the assays. The only endpoints observed for the fish assay were survival and growth (dry weight), thus this assay was not considered as relevant. In the mysid assay, the proportions of females carrying eggs and of population sexually mature were decreased after the 7-d continuous exposure to 44 μg L-1 TRO, which also resulted in decreased growth (dry weight). Similar observations were made after intermittent exposures (2-, 4-, 6- and 8-h) at higher concentrations (87 & 168 μg L-1). Effects on fertility and sexual maturity were thus associated to systemic toxicity. 

	7
	Broiler chick and laying hen tolerance to sodium hypochlorite in drinking water
	The authors studied the effect of sodium hypochlorite in drinking water on egg production in hens in 2 studies. Non-reproducible results between 2 experiments, showing that results were highly dependent from weather and/or hen age.

	8
	In-vitro safety evaluation of sodium hypochlorite (NaOCl) as part of step 2 and maintenance therapy protocols in patients with Periodontitis stages III-IV
	This study was adressed to evaluate the in vitro safety of NaOCl solutions at concentrations below the limit of patient tolerance, i.e. ≥ 0.5%. The in vitro experiments were based on 2D and 3D models. For the 2D approach, two selected cell lines - HaCaT (human skin keratinocytes) and HGF (human gingival fibroblasts) - were exposed to NaOCl at five concentrations (0.05 - 0.5%) for 10, 30, and 60 s to simulate possible clinical administration. Cell viability was measured using MTT assay. The irritative potential of NaOCl 0.05% and 0.25% was assessed in a 3D in-vitro model (EpiDerm, reconstructed human epidermis). Concentrations of 0.25% (10-seconds exposure) and 0.2% (30- and 60-seconds exposure) significantly decreased cell viability of HaCaT cells. 0.05% concentration of NaOCl decreased cell viability (10, 30 or 60 seconds) of HGF. On the other hand, the viability was significantly increased when EpiDerm skin model inserts were exposed to 0.05% and 0.25% concentrations of NaOCl, which means that NaOCl did not exert skin irritation potential.  The only information related to endocrine disruption was an OSIRIS report (in silico approach for CMR (Cancerogenic, Mutagenic, Reprotoxic) assessment. OSIRIS report predicted that there was “no risk” regarding the mutagenic, tumorigenic, irritant, and reproductive potential. Predicted parameters do not match those involved in assessing endocrine activity or adversity.

	9
	Evaluation of media conductivity and a combination of iodine and sodium hypochlorite surface disinfection on Zebrafish (Danio rerio) Embryo Viability and Morphology
	This study was considered irrelevant because sodium hypochlorite was tested in a mixture with iodine (ineligible exhibition).

	10
	Assessment of eco-toxic effects of commonly used water disinfectant on zebrafish (Danio rerio) swimming behaviour and recovery responses: an early-warning biomarker approach
	In this study, zebrafish were exposed to sodium hypochlorite and their behavior, such as swimming strength and circadian rhythm, was studied. Zebrafish exposed showed a significantly declined swim strength, with a significant recovery. The study was considered irrelevant because no parmeter useful for the assessment of endocrine disrupting properties was monitored. In other words, the study does not provide information on endocrine activity or adversity.

	11
	Evaluation of morinda citrifolia ethanolic extract versus morinda citrifolia fresh fruit juice for tissue response and systemic toxicity in animal model
	This study aimed to assess the tissue response and systemic toxicity of ethanolic extract of Morinda citrifolia versus Morinda citrifolia fresh fruit juice in an animal model. In this context, a trough was made in the periapical bone of female adult Wistar rats and the test sample was placed into 4 groups: I- 3% sodium hypochlorite, II- Saline (Control), III- ethanolic extract of Morinda citrifolia, and IV- Morinda citrifolia Fresh Fruit Juice. The study design was considered irrelevant because only biomarkers of oxidative stress were measured in the serum of exposed rats. No result found for sodium hypochlorite.

	12
	
	Authors investigated the toxicity and teratogenic effects of some disinfectants, including sodium hypochlorite, in Daphnia magna. Isolated D. magna embryos (10 per group) were exposed to sodium hypochlorite (0 and 0.002 mg L-1, chosen after an embryo acute toxicity test) and embryo development was observed at 24, 48 and 72h. After 72h, the developmental abnormality rate (including incomplete development of the antennae, helmet, rostrum, Malpighian tube and sensory bristles and unextended tail spine) was 30.0 +/- 5.5%. Moreover, a Daphnia reproduction test (OECD TG 211, v 1998) was performed, exposing neonates to sodium hypochlorite (0 and 0.002 mg L-1, 10 replicates) for 21 days. No striking effect (no statistical evaluation was performed) was induced by NaClO upon number of molts, time to first brood, first brood size and total number of juveniles, but the rate of developmental abnormal neonates was 35.5 +/- 0.75% compared to 4.2 +/- 0.75% in the control group. However, the presence of male neonates, which is an optional endpoint for juvenile hormone-related activity, was not recorded. Results considered of limited relevance because they were obtained on crustaceans.

	13
	
	Larval development in 2 sea urchin species was studied after 48 (P. lividus) or 72 h (A. lixula) exposure to sodium hypochlorite (0.25, 0.5, 1, 5, 10, 20, 35, and 50 mg L-1) of 400 fertilized eggs. After the incubation period, larval development was stopped, larvae were fixed and distinction between altered and normal larvae was performed. The percentages of abnormal larvae of P. lividus and A. lixula increased along with the concentrations of NaClO, and values >50 % were reached at 10 mg L-1. No larval deformation in either of the species was observed. Results considered of limited relevance because they were obtained on invertebrates.
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[bookmark: _Hlk143601365]Table S3: List of experimental studies whose results were considered relevant and reliable.
	Summaries of studies considered relevant
	Reliability
	Study ID number (Reference)

	Sprague-Dawley rats (50 males and 50 females per group, 12 weeks old at the beginning of the experiment) were exposed to sodium hypochlorite via drinking water, supplied ad libitum, for 104 weeks. Resulting active chlorine concentrations were 750 - 500 and 100 mg/L in treated group. Control group received tap water, with active chlorine < 0.2 mg L-1. Histopathological examination included pituitary gland, thyroid and parathyroid, adrenal glands, prostate, uterus and gonads histology. A slight decrease in mean body weight was observed in the highest dose group, more evident in males. No treatment-related non-oncological pathological changes were detected by histological examination. An increased incidence of lymphomas and leukaemia was observed, not clearly dose related, in female rats of the treated groups. No evidence of increased incidence of endocrine-related tumours was reported. No statistical evaluation was performed.
	with restrictions (a)
	1
(1)

	This publication reports the results of long-term carcinogenicity assays in F344 rats and B6C3F1 mice for sodium hypochlorite in particular. The experimental design of the study was similar to the Guidelines published by the US National Cancer Institute in 1975. Sodium hypochlorite was diluted in distilled water and administered to rats (for at least 104 weeks) and mice (for at least 78 weeks) as their drinking water, ad libitum. Doses were 1000 and 500 ppm for male rats (50 animals per group), 2000 and 1000 ppm for female rats (50 animal per group) and 1000 and 500 ppm for mice of both sexes (50 males and 50 females per group). Histological examination of pituitary, thyroid, adrenals, testis, uterus, and mammary gland were performed for tumour identification, among other. In rats and mice, dose-dependent inhibition of body weight increase was observed in males and females. For both rats and mice, no significant compound-related increases in tumour incidences were found in any organs of either sex. No relevant effect for endocrine activity or adversity was observed.
	with restrictions (a)
	2
(2)

	Authors investigated the carcinogenic potential of sodium hypochlorite in F344 rats (50 males or 50 females per group), given sodium hypochlorite in their drinking water for 104 weeks. Doses of 0.1 and 0.05% for males and 0.2 and 0.1% for females were chosen according to a preliminary 13-weeks subchronic study. Histopathological examination including adrenal gland, mammary gland, ovary, uterus, pituitary, thyroid, prostate and testis was performed. Reduction of body-weight gain was observed in both sexes. No significant increase in non-neoplastic lesions or tumours was observed. No relevant effect for endocrine activity or adversity was observed.
	with restrictions (a)
	3
(3)

	2-year toxicology and carcinogenicity study of chlorinated water. The study was performed in compliance with the FDA GLP. Water (buffered, charcoal-filtered, deionized water) containing 0, 70, 140, or 275 ppm chlorine (based on available atomic chlorine) was provided to groups of 70 F344/N rats or B6C3F1 mice of each sex for up to 2 years. Groups of 10 rats or mice were pre-designated for evaluation at 14 or 15 weeks and 66 weeks. Survival at 2 years of rats and mice receiving chlorinated water was similar to that of the controls. Mean body weights of dosed male rats, high-dose female rats, and dosed mice were slightly lower than those of their respective control groups. There were no neoplasms or non-neoplastic lesions in male rats or in male or female mice that were clearly associated with the treatment but a marginal increase in leukaemia incidence was observed in female rats. No relevant effect for endocrine activity or adversity was observed.
	Yes (b)
	4
(4)

	In this developmental toxicity/teratogenicity study, female Sprague-Dawley rats were exposed for 2.5 months, i.e. prior and throughout gestation, to hypochlorite solutions (produced from chlorine gas) via drinking water (0, 1, 10 and 100 ppm, 6 animals per group). Examinations included uterine content (number of resorptions), number of dead foetuses, foetal weight, skeletal and soft tissue anomalies. Maternal toxicity was not examined. A higher percentage of skeletal defects were observed in foetuses from the 10 and 100 mg L-1 and of soft-tissues defects in the 100 mg L-1 group (adrenal agenesis and heart defects); none of these increases were statistically significant. Statistical significance was achieved if skeletal and soft tissues defects were combined. However, there was no clear dose-response relationship and the incidence of defects in control animal was relatively high, thus the findings were considered not to be of relevance. There were no treatment-related effects on viability, external appearance and foetal weight.
	Yes (c)
	5
(5)

	The authors have examined the reproductive effects of chlorine (HOCl, in water, pH 8.5) administered by gavage in Long-Evans rats. Animals were treated for a total of 66 (males) to 76 (females) days. Males were treated for 56 days and females for 14 days prior to breeding and throughout the 10-day breeding period. Females were treated throughout gestation and lactation. Following breeding, the males were necropsied and evaluated for sperm parameters and reproductive tract histopathology. Adult females and some pups were necropsied at weaning on postnatal day 21. Other pups were treated post-weaning and evaluated for the day of vaginal patency. No differences were observed between control rats and those rats exposed to up to 5 mg/kg/day chlorine when fertility, viability, litter size or day of vaginal patency were evaluated. No alterations in sperm count, sperm motility, or sperm morphology were observed among adult male rats. Male and female reproductive organ weights were comparable to their respective control groups, and no significant histopathological changes were observed. Thyroid hormone levels were performed in adult males and females in vena cava blood but no further detail was given regarding hormone identification (T3, T4 or TSH) or sample protocol; no changes were observed.
	with restrictions (a)
	6
(6)

	In this publication, authors report the results of an early life-stage toxicity test using tidewater silverside fish embryos exposed to sodium hypochlorite (0, 0.22, 0.45, 0.89, 1.8 and 3.6 mg L-1; 4x15 embryos per group) in seawater for 28 days. No effect was observed on embryo survival, but none of the fry survived more than 10 days after hatching at the highest concentration of 3.6 mg L-1 (corresponding to measured chlorine produced oxidants (CPO) concentration of 0.21 mg L-1). No significant effect on fry survival or average weight was observed at the lower concentrations. The assay protocol is similar to the OECD TG 210 (first version in 1988).
	with restrictions (a)
	7
(7)

	In this study subchronic toxicity of chlorine (administered in drinking water) was studied in Sprague-Dawley rats was studied thro. Each experimental group, consisting of 10 males and 10 females, was treated for 90 consecutive days with 25, 50, 175 or 200 mg mL-1 chlorine, prepared by bubbling chlorine gas into water to pH 9.4. During the 90 days of the study, no deaths were attributed to the doses of chlorine used. Final body weight and weight gain did not differ significantly from control groups. The brain, liver, spleen, lung, thymus, kidneys, adrenal glands, heart, and gonads of each animal were weighed and grossly examined at necropsy. For the high-dose and control groups, these tissues, and others, including mammary gland, seminal vesicles, prostate, uterus, pituitary and thyroid were subjected to histopathological analysis. Only in the group receiving the intermediate dose of 100 mg mL-1, a statistically significant increase in the absolute weight of the adrenals and a statistically significant decrease in the absolute weight of the thymus were observed in females or in males, respectively. No lesion related to chlorine exposure was observed at gross and microscopic organ observations; the lesions observed were considered common spontaneous lesions for this strain of rats.
	Yes (d)
	8
(8)

	In this study, chlorine was administered to male and female B6C3F1 mice in drinking water for 90 consecutive days at the following concentrations: 0, 12.5, 25, 50, 100, and 200 mg mL-1. Each group consisted of 10 males and 10 females. Body weight gain was significantly decreased compared to the control group in males at 100 and 200 mg L-1. One female in the highest dose group died on day 82 of the study, but the authors report that necropsy did not revealed specifically treatment-related findings. At necropsy, the adrenal glands, brain, gonads, heart, kidney, liver, lungs, spleen, and thymus were removed and weighed. Histopathological examination of tissues was performed, including mammary glands, adrenals, seminal vesicles, prostate, testes including epididymis, ovaries, uterus, pituitary, and thyroid, for the high dose and control groups. Compared with the controls, absolute and relative liver weights were significantly decreased in males and in females receiving 100 and 200 mg L-1, or only 200 mg L-1 chlorine, respectively. Other numerous reductions in absolute and relative organ weights (adrenals, lung, spleen, heart) were noted sporadically in either males or females and were not considered as relevant. No compound-related gross or microscopic lesions were observed.
	Yes (d)
	9
(9)

	An OECD 403 study (acute inhalation toxicity) was performed on Sprague-Dawley rats to assess sodium hypochlorite toxicity. Groups of five rats per sex were were exposed for 4 h to 0.22, 0.67, and 2.00 mg L-1 of sodium hypochlorite, using a nose-only exposure. After exposure to sodium hypochlorite, exposed male and female rats (0.67, and 2.00 mg L-1 for male, 2.00 mg L-1 for females) showed a significantly reduced body weight gain the first 4 days post exposure. This reduction persisted until day 14 for male exposed to 0.67 mg L-1 of sodium hypochlorite.
	Yes (b)
	10
(10)

	The authors performed an OECD 403 study (acute inhalation toxicity). For 4 hours, adult males and females Wistar Hans rats were exposed (nose-only) to 1.7mg m-3 of aerosolized electrochemically generated solution of sodium hypochlorite. The bodyweight gain during the entire observation period (14 days) was normal and did not statistically differ from the control groups. 
	Yes (b)
	11
(11)



Legend and abbreviations: (a) not GLP-compliant, documented test parameters do not totally comply with the specific testing guideline but are sufficient to accept the data; (b) performed according to good laboratory practices; (c) full references were not available and the corresponding full text could not be found, however sufficient details were given on the ECHA website; (d) not performed according to OECD TG 408, but protocols and results were well described;
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Table S4: Data matrix summarizing the collected information (toxicity studies in mammals and wildlife) (given in excel format).


Table S5. Result of ToxCast Database (https://epa.figshare.com/articles/dataset/ToxCast_Database_invitroDB_/6062623).
	Study ID number
	Source
	Type of toxicity
	Study principale
	Species
	Route of adminstration
	Exposure
	Relevance
	Reliability
	In vitro mechanistic

	
	
	
	
	
	
	
	
	
	AR
	CYP19
	ER
	TR

	18
	US EPA
	In vitro
Androgen
	Tox21_AR_LUC_ MDA-kb2_Agonist
	Human breast cell line
	Uptake from the medium (in vitro)
	24h
	Yes
	N/A
	No effect
	_
	
	

	19
	US EPA
	In vitro
Androgen
	Tox21_AR_LUC_ MDA-kb2_Antagonist
	Human breast cell line
	
	24h
	Yes
	N/A
	No effect
	
	
	

	16
	US EPA
	In vitro
Androgen
	Tox21_AR_BLA_Agonist_Ratio
	Human kidney cell line
	
	24h
	Yes
	N/A
	No effect
	
	
	

	17
	US EPA
	In vitro
Androgen
	Tox21_AR_BLA_Antagonist_Ratio
	Human kideny  cell line
	
	24h
	Yes
	N/A
	No effect
	
	
	

	12
	US EPA
	In vitro
Estrogen
	Tox21_ERα_BLA_Agonist_ratio

	Human kideny  cell line
	
	24h
	Yes
	N/A
	
	
	No effect
	

	14
	US EPA
	In vitro
Estrogen
	Tox21_ERα_BLA_Antagonist_ratio

	Human kedeny cell line
	
	24h
	Yes
	N/A
	
	
	No effect
	

	13
	US EPA
	In vitro
Estrogen
	Tox21_ERα_LUC_BG1_Agonist

	Human ovary cell line
	
	24h
	Yes
	N/A
	
	
	No effect
	

	14
	US EPA
	In vitro
Estrogen
	Tox21_ERα_LUC_BG1_Antagonist

	Human ovary cell line
	
	24h
	Yes
	N/A
	
	
	No effect
	

	22
	US EPA
	In vitro 
Steroidogenesis
	Tox21_Aromatase_Inhibition
	Human breast cell line
	
	28h
	Yes
	N/A
	
	No effect
	
	

	20
	US EPA
	In vitro
Thyroid
	Tox21_TR_LUC_GH3_Antagonist
	Rat pitultary gland cell line
	
	28h
	Yes
	N/A
	
	
	
	No effect

	21
	US EPA
	In vitro
Thyroid
	Tox21_TR_LUC_GH3_Antagonist
	Rat pitultary gland cell line
	
	28h
	Yes
	N/A
	
	
	
	No effect


[bookmark: _Hlk144303251]Abbreviations: AR, Androgen Receptor ; ER, Estrogen Receptor ; TR, Thyroid Receptor ; US EPA, United States Environmental Protection Agency 


Table S6. Lines of evidence for the E, A and S-modalities and for the T-modality (given in excel format).

Table S7. EAS-mediated endpoints studied vs missing.
	Studied parameters
	Missing parameters

	· Histopathology (in adults) of epididymis, ovary, prostate, seminal vesicles and coagulating glands, testis, vagina, uterus (+ cervix), mammary gland (female and male)
· Organ weights (in adults): epididymis, ovary, prostate, seminal vesicles and coagulating glands, testis, uterus
· Sperm parameters: sperm numbers, morphology, motility (in P generation)
· Age at vaginal opening (F1)
	· Histopathology (in F1 generation) of epididymis, ovary, prostate, seminal vesicles and coagulating glands, testis, vagina, uterus (+ cervix), mammary gland (female and male)
· Organ weights (in F1 generation): epididymis, ovary, prostate, seminal vesicles and coagulating glands, testis, uterus
· Nipple development
· Age at balano-preputial separation
· Anogenital distance in male and female pups
· Estrus cyclicity (P, F1)
· Genital abnormalities (it is not specified if they have been studied in [46] among external abnormalities)
· Sperm parameters: sperm numbers, morphology, motility (F1)



Table S8. Threshold applied to receptor-ligand binding free energies (in kcal mol-1) vs threshold values of sensitivity (SE) (red (SE < 0.25), orange (0.25 < SE < 0.50), yellow (0.5 < SE < 0.75), and green (SE > 0.75) for high, moderately high, moderate, and low binding probability). Values extracted from http://endocrinedisruptome.ki.si/receptor/4/.
	Receptor-ligand binding free energies (kcal mol-1)
	AR
	ARan
	ER(α)
	ER(α)an
	ER(β)
	ER(β)an
	GR
	GRan
	LXR(α)
	LXR(β)
	MR
	PPAR(α)
	PPAR(β)
	PPAR(γ)
	PR
	RXR(α)
	TR(α)
	TR(β)

	High probability
	<-8.6
	<-8.4
	<-9.3
	<-10.7
	<-9.2
	<-9.0
	<-10.7
	<-9.8
	<-11.9
	<-12.1
	<-8.5
	<-10.0
	<-10.5
	<-10.3
	<-3.3
	<-12.1
	<-10.2
	<-10.5

	Moderately high probability 
	>-8.6
	>-8.4
	>-9.3
	>-10.7
	>-9.2
	>-9.0
	>-10.7
	>-9.8
	>-11.9
	>-12.1
	>-8.5
	>-10.0
	>-10.5
	>-10.3
	>-3.3
	>-12.1
	>-10.2
	>-10.5

	Moderate probability
	>-8.1
	>-7.6
	>-8.8
	>-9.5
	>-8.7
	>-8.6
	>-9.7
	>-9.2
	>-10.7
	>-11.3
	>-8.1
	>-9.4
	>-10.1
	>-9.6
	>-3.0
	>-10.8
	>-9.2
	>-9.4

	Low probability
	>-7.4
	>-3.1
	>-8.2
	>-8.6
	>-8.0
	>-8.3
	>-7.3
	>-8.5
	>-9.8
	>-10.3
	>-6.8
	>-8.9
	>-9.6
	>-8.9
	>-2.8
	>-10.0
	>-7.2
	>-7.8


[bookmark: _Hlk144368922]Abbreviations: AR, androgen receptor ; ER (α,β), estrogen receptors ; GR, glucocorticoid receptor ; LXR (α,β), liver X receptors ; MR, mineralocorticoid receptor ; PPAR (α,β,γ), peroxisome proliferator-activated receptors ; PR, progesterone receptor ; RXR (α), retinoid X receptor ; TR (α,β), thyroid receptors ; an, antagonistic conformation.


Table S9. Composition of DMEM/F-12 marketed by PAN Biotech (extracted from https://pdf.dutscher.com/doc/P04-41250/P04-41250_FTen.PDF).
	Group
	Components
	Concentration (mg L-1)

	Amino Acids
	L-Alanine
	4.45

	
	L-Arginine x HCl
	147.35

	
	L-Asparagine x H2O
	7.50

	
	L-Aspartic acid
	6.65

	
	L-Cystine x 2HCl
	31.29

	
	L-Cysteine x HCl x H2O
	17.56

	
	L-Glutamine
	365.00

	
	L-Glutamic acid
	7.35

	
	Glycine
	18.75

	
	L-Histidine x HCl x H2O
	31.48

	
	L-Isoleucine
	54.37

	
	L-Leucine
	58.37

	
	L-Lysine x HCl
	91.37

	
	L-Methionine
	17.27

	
	L-Phenylalanine
	35.48

	
	L-Proline
	17.27

	
	L-Serine
	26.25

	
	L-Threonine
	53.55

	
	L-Tryptophan
	9.02

	
	L-Tyrosine x 2Na x 2H2O
	55.81

	
	L-Valine
	52.66

	Vitamins
	D-(+)-Biotine
	0.004

	
	D-Calcium pantothenate
	2.12

	
	Choline chloride
	8.98

	
	Folic acid
	2.66

	
	myo-Inositol
	12.51

	
	Nicotinamide
	2.02

	
	Pyridoxine x HCl
	2.03

	
	Riboflavin
	0.22

	
	Thiamine x HCl
	2.17

	
	Vitamine B12
	0.68

	Inorganic Salts
	Calcium chloride x 2H2O
	154.45

	
	Iron(III)-nitrate x 9H2O
	0.05

	
	Iron(II)-sulfate x 7H2O
	0.42

	
	Potassium chloride
	311.83

	
	Copper(II)-sulfate x 5H2O
	0.001

	
	Magnesium chloride anhydrous
	28.57

	
	Magnesium sulfate
	48.85

	
	Sodium chloride
	6,999.50

	
	Sodium dihydrogen phosphate anhydrous
	54.35

	
	di-Sodium hydrogen phosphate
	70.98

	
	Zinc sulfate x 7H2O
	0.43

	Other Components
	D(+)-Glucose anhydrous
	3,151.00

	
	HEPES
	3,574.50

	
	Hypoxanthine
	2.04

	
	Linoleic acid
	0.04

	
	DL-68-Lipoic acid
	0.103

	
	Sodium pyruvate
	110.00

	
	Phenol red
	8.10

	
	Putrescin x 2HCl
	0.081

	
	Thymidine
	0.36

	
	NaHCO3
	1,200.00



Table S10. Estimation of the chlorine to -NH2 ratio in the exposure wells.
	OECD TG
	458
	455
	456

	Chemical exposure
	Each test chemical should be serially diluted in DMSO or appropriate solvent with common dilution ratio of 10. For each test concentration of the test chemical, the procedure for chemical dilutions (Steps 1 and 2) and for exposing the cells (Step 3) can be conducted as follows:
· Step 1: Chemical dilution: First dilute 10 μL of the test chemical in solvent into 90 μL of media.
· Step 2: Then 10 μL of the diluted chemical prepared in Step 1 should be diluted into 90 μL of the media.
· Step 3: Chemical exposure of the cells: Add 10 μL of diluted chemical solution (prepared in Step 2) to an assay well containing 9 × 103 cells/90 μL/well.
The recommended final volume of media required for each well is 100 μL.
	The procedure for chemical dilutions (Steps-1 and 2) and exposure to cells (Step-3) can be conducted as follows:
· Step 1: Each test chemical should be serially diluted in DMSO, or appropriate solvent, and added to the wells of a microtitre plate to achieve final serial concentrations as determined by the preliminary range finding test.
· Step 2: Chemical dilution: First dilute 1.5 μL of the test chemical in the solvent to a concentration of 500 μL of media. 
· Step-3: Chemical exposure of the cells: Add 50 μL of dilution with media (prepared in Step-2) to an assay well containing 104 cells/100 μL/well.
The recommended final volume of media required for each well is 150 μL
	Cells are exposed to the test chemical by adding 1 μL of the appropriate stock solution in DMSO (see Appendix II of the validation report (4)) per 1 mL supplemented medium (well volume). This results in a final concentration of 0.1% DMSO in the wells. To assure adequate mixing it is generally preferred that the appropriate stock solution of the test chemical in DMSO is mixed with supplemented medium to yield the desired final concentration for each concentration, and the mixture added to each well immediately after removal of old medium. If this option is used, the concentration of DMSO (0.1%) should remain consistent among all wells. 

	Chlorine content 
	0.01% (v:v)
	0.01% (v:v)
	0.01% (v:v)

	Chlorine content per well
	2 ng (~ 0.03 nmol)
	2 ng (~ 0.03 nmol)
	2 ng (~ 0.03 nmol)

	L-Glutamine content per well, in µg ()
	36.5 µg (~ 0.25 µmol)
	54.7 µg (~0.37 µmol)
	365 µg (2.50 µmol)

	L-Glutamine content per well, as NH2
	0.5 µmol 
	0.74 µmol
	5.0 µmol

	NH2 to chlorine ratio 
	16,667
	24,667
	166,667



Calculation assumptions: maximum chlorine content in the test sample: 2 g Cl2 L-1; L-Glutamic is the only amino acid in the medium and its concentration in each well equal 365 mg L-1; OECD TG 455, 456 and 458 use the same culture medium; chlorine reacts with L-glutamic as shown below.
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