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Data applied in EQS derivations
The chronic laboratory ecotoxicity dataset for diclofenac used to derive the EQS in the present assessment is shown in the Table ‘Reliable and relevant chronic ecotoxicity dataset for diclofenac’. The dataset used by EC (2021) to derive a probabilistic EQS (subsequently rejected) largely mirrors that shown in this Table. 
The ecotoxicity data on diclofenac cover both traditional population-relevant endpoints using methods developed by organisations such as the OECD, as well as numerous studies using non-standard species and non-standard endpoints, including investigations into changes in aspects of organism behaviour or physiology. 
Reliability and relevance were assessed according to the criteria for reporting and evaluating ecotoxicity data (CRED) (Moermond et al. 2015). CRED evaluation uses a set of reliability and relevance criteria in a formalised approach for evaluating aquatic ecotoxicology studies that are to be used directly in the derivation of an EQS. However, the CRED approach is not suitable for all types of study. In particular, the reliability and relevance criteria are not directly applicable to multi-species exposure studies (i.e. mesocosm studies) which generate complex results intended to account for potential interactions between different taxonomic groups and physico-chemical parameters, nor studies incorporating endpoints based on the assessment of subtle changes in tissues or organs. 
Therefore, a different approach was taken to assess these types of studies. In the case of the identified mesocosm study (Joachim et al. 2021), population-level and ecological relevance was accepted, and reliability was evaluated according to the criteria provided in the current guidance specifically for the assessment of this type of study (EU 2018). 
The EQS guidance (EC 2018) makes several references to the use of mesocosm data, including specific reliability criteria that must be satisfied if such data are to be used to directly derive an EQS:
· The experimental set-up of the mesocosm must be adequate for assessing the effects of the test substance, and reported in an unambiguous manner;
· The structure of the community of organisms exposed to the test substance in the mesocosm must be realistic, with respect to the type of community that might be exposed in the field;
· There must be an adequate description of the pattern of exposure to the test substance, especially in the compartment of interest (e.g. the water column);
· The statistical evaluation of the results from the study must be scientifically sound; and
· The endpoints investigation must be sensitive to the test substance, and in accordance with the mode of action of the chemical.
Histopathological studies on fish tissues and organs require an in-depth expert evaluation of the study findings and photomicrographs, and the results of such an assessment for diclofenac have previously been published (Wolf 2021). 
Wolf (2021) reviewed and evaluated 14 of these histopathological studies in detail, and concluded “If 13 of the 14 reviewed papers were to be accepted at face value, it would seem that the experimental exposure of fish to DCF at a wide range of test concentrations (ranging from very low to many fold higher than environmentally relevant levels) is capable of causing a plethora of severe morphologic changes that involve multiple organ systems. However, the current review of these papers identified substantive shortcomings in experimental design (including failure to account for potential sampling and observer bias), diagnostic accuracy, unexplained phenomena, and in the interpretation and presentation of data, plus a high degree of interstudy inconsistency. Consequently, many reported morphologic findings were found to have questionable, dubious, or zero credibility. Taken as a whole, the results of this review suggest that chronic continuous exposure to relatively high concentrations of DCF under certain experimental conditions can cause minor proliferative changes in gill and renal hematopoietic tissue and decreased energy storage in the liver. The mechanism(s) by which these changes occur have not been established nor has the potential reversibility of such findings following discontinuation of exposure been investigated. Consequently, it is debatable whether the findings of increased renal interstitial tissue, minor gill proliferation, or decreased hepatic glycogen should necessarily be considered adverse. Meanwhile, morphologic evidence of cytotoxic damage to renal urinary tissue or hepatocytes varies from weak to non-existent.” For these reasons, the majority of these studies were considered to be unreliable, or not relevant for EQS derivation. Indeed, despite being applied in earlier versions of an EQS derivation for diclofenac (UBA 2011; 2014; 2017; 2018), these studies were also excluded the latest assessment (EC 2021). 
However, one of these studies (Birzle 2015) also included an assessment of ocular effects in fish. The range of different malformations of the eyes of Oncorhynchus mykiss as a result of exposure to diclofenac as reported by Birzle (2015) were considered to be both credible and moderately severe by Wolf (2021). The EC (2021) concluded that, while such malformations affect individual fish, it is conceivable that they may have wider effects relevant to population sustainability (e.g. on mortality, growth or reproduction) if a large number of fish in a population were similarly affected. This specific endpoint from Birzle (2015) was included in the dataset used by EC (2021) to derive a probabilistic EQS (subsequently rejected). 
In addition, severe jaw malformations in some fish exposed to diclofenac were reported by both Yokota et al. (2018) (in Oryzias latipes) and Naslund et al. (2017) (in Gasterosteus aculeatus). The EC also considered these effects in individual fish to have potential implications for population-sustainability (e.g. mortality, growth or reproduction) and so included them in the dataset used to derive a probabilistic EQS (subsequently rejected). 
For the purposes of this comparative assessment, we have not undertaken additional evaluation of the potential for relevance to population-sustainability of the eye or jaw malformations, and have also included them in the dataset used for derivation of a probabilistic EQS (Table ‘Reliable and relevant chronic ecotoxicity dataset for diclofenac’). 
EC (2021) estimated a 10% effect threshold for some of the reliable studies (as shown in Table ‘Reliable and relevant chronic ecotoxicity dataset for diclofenac’). Where the authors of studies investigating the effects of diclofenac reported a statistically derived EC10 this value was used directly by EC (2021) in their probabilistic assessment. However, where only a NOEC was reported, or the toxicity threshold was beyond the tested exposure concentration range (i.e. reported as greater than the highest test concentration or less than the lowest test concentration), an estimate of the 10% effect level based on simple linear extrapolation was used in the EQS derivation by EC (2021). The resultant estimated toxicity threshold values are in some cases greater and in others lower than the reported NOEC. 
However, it must be noted that such 10% effect estimates do not represent true EC10 values, since they have not been derived statistically from the raw data generated in each study but were instead estimated from summary data or graphs as reported in the original manuscripts. We therefore re-examined all estimated 10% effect threshold values, based on the data reported by the authors of each study in their manuscript. We came to the same conclusion regarding the 10% effect estimate as EC (2021) in every case, with the exception of a single 21-day Daphnia magna reproduction study (Liu et al. 2017). 
Liu et al. (2017) exposed D. magna to diclofenac concentrations of 5, 50, 500. and 5000 µg L-1 for 21 days, and assessed moulting frequency, time until the first brood was observed (presumably within the parent daphnids), time until production of the first neonates, number of neonates produced in the first brood, total number of neonates produced, number of broods, neonate mortality and parental growth. No statistically significant effects were observed for any of these endpoints, and the NOEC is therefore > 5000 µg L-1. However, despite the lack of statistical significance, a very shallow potential dose-response can be observed in the mean numbers of neonates produced in the first brood. It should be highlighted that although the mean values for this endpoint do appear to decline in a dose-dependent manner, the difference between the control and highest dose (5000 µg L-1) equates to a mean value of only 1.6 neonates, and the standard deviations for all test concentrations all exceed this number (2 to 2.54 neonates), while the standard deviation for the control treatment is only very slightly less than this number at 1.36 neonates. This degree of reported within-treatment variability is almost certainly why statistical significance was not achieved at any concentration for this endpoint. At the lowest exposure concentration (5 µg L-1), there is an approximately 10% difference from the control, but in real terms this difference is represented by 5.1 (± 1.36) neonates for the control versus 4.6 (± 2.39) neonates for the lowest concentration. The difference in means of 0.5 neonates is clearly well within the variation between replicates for both control and the lowest concentration and therefore cannot be considered to be substance-related. Indeed, this is the case at all exposure concentrations, with a mean difference of only 1.1 neonates between concentrations of 5 and 5000 µg L-1 (SD = ± 2.39 in both cases), and the indication of a dose-response therefore appears coincidental, especially when compared with the other study endpoints. Finally, it should clear that the numbers of neonates in the first brood (after only 8-10 days of a 21-day study) is not an endpoint relevant to populations of D. magna when the apparent extremely slight effect is compensated for over the full 21-days of a study (during which parental daphnids would be expected to produce 4-5 broods). No apparent dose-response is evident in the mean total number of neonates produced by each individual daphnid[footnoteRef:1].  [1:  We suspect that the columns titled ‘Total egg production number per individual (n)’ and ‘Total number of broods per individual (n)’ have been inadvertently switched in the final manuscript, since it is highly unlikely that D. magna would produce 20+ broods in a 21-day study. ] 

Therefore, the estimated 10% effect level of 18 µg L-1 for 21-day reproduction in D. magna from Liu et al. (2017) is considered unreliable, and as no 10% effect value can be estimated from the other (population-relevant) endpoints, this study has been excluded from our assessment.

Table - Reliable and relevant chronic ecotoxicity dataset for diclofenac
	Taxonomic Group
	Organism
	Endpoint
	Duration
	Reported NOEC/ EC10 (µg/L)
	Estimated 10% effect level* (µg/L)
	Reference

	Algae
	Desmodesmus subspicatus
	Population growth
	3 days
	52600
	52600
	Meden-Kunkel and Maletzki 2010

	Algae
	Desmodesmus subspicatus
	Population growth
	3 days
	15540
	15540
	Weissmannova et al. 2018

	Algae
	Dunaliella tertiolecta
	Population growth
	4 days
	<25000
	25000
	DeLorenzo and Fleming 2008

	Aquatic plant
	Lemna minor
	Growth
	10 days
	10
	1.7
	Kummerova et al. 2016

	Aquatic plant
	Lemna minor
	Growth
	7 days
	6280**
	3140
	Markovic et al. 2021

	Aquatic plant
	Azolla filiculoides
	Growth
	10 days
	10000
	24000
	Vannini et al. 2018

	Rotifer
	Plationus patulus
	Population growth
	25 days
	6250
	1400
	Sarma et al. 2014

	Rotifer
	Lecane papuana
	Hatching
	5 days
	590
	590
	Tovar-Agullar 2019

	Crustacean
	Moina macrocopa
	Population growth
	10 days
	12500
	788
	Sarma et al. 2014

	Crustacean
	Moina macrocopa
	Reproduction
	7 days
	16750
	19122
	Lee et al. 2011

	Crustacean
	Daphnia magna
	Reproduction
	21 days
	120
	120
	Du et al. 2016

	Crustacean
	Daphnia magna
	Reproduction
	21 days
	1900
	1900
	Triebskorn et al. 2017

	Crustacean
	Daphnia magna
	Reproduction
	21 days
	8300
	2408
	Lee et al. 2011

	Crustacean
	Daphnia magna
	Reproduction
	21 days
	>72000
	72000
	de Oliveira et al. 2016

	Crustacean
	Ceriodaphnia silvestrii
	Reproduction
	8 days
	>2000
	1000
	de Oliveira et al. 2018

	Crustacean
	Gammarus fossarum
	Reproduction
	35 days
	790
	790
	Triebskorn et al. 2017

	Crustacean
	Palaemon longirostris
	Development
	25-47 days
	>750
	40
	Gonzalez-Ortegon et al. 2015

	Gastropod Mollusc
	Lymnaea stagnalis
	Reproduction
	28 days
	>1540
	1540
	Scymaris 2020a

	Bivalve Mollusc
	Mytilus edulis trossulus
	Byssus strength
	21 days
	100
	3.2
	Ericson et al. 2010

	Echinoderm
	Paracentrotus lividus
	Larval length
	2 days
	5
	5.2
	Ribeiro et al. 2015

	Echinoderm
	Paracentrotus lividus
	Fertilisation and Embryo Development
	4 days (adult),
4 hours (fertilisation) 
48 hours (embryo development)
	>1840
	None
	Scymaris 2020b

	Fish
	Oryzias latipes
	Reproduction
	14 days
	25
	25
	Yokota et al. 2016

	Fish
	Oryzias latipes
	Reproduction
	14 days
	7.1
	7.8
	Yokota et al. 2017

	Fish
	Oryzias latipes
	Jaw malformation
	90 days
	7.3
	12.6
	Yokota et al. 2018

	Fish
	Oryzias latipes
	2nd generation hatching
	3 months
	1000
	7100
	Lee et al. 2011

	Fish
	Salmo trutta
	Mortality
	127 days
	10
	3.5
	Schwarz et al. 2017

	Fish
	Gasterosteus aculeatus
	Jaw malformation
	21-28 days
	4.6
	7.2
	Naslund et al. 2017

	Fish
	Oncorhynchus mykiss
	Hatching, larval development, mortality, growth
	60 days
	>1084
	None
	Memmert et al. 2013

	Fish
	Oncorhynchus mykiss
	Eye malformation
	28 days
	5
	5
	Birzle 2015

	Fish
	Danio rerio
	Growth
	30 days
	11.1
	8.6
	Memmert et al. 2013

	Fish
	Danio rerio
	Growth
	28 days
	5000
	5000
	Praskova et al. 2014

	Fish
	Danio rerio
	Hatching
	80 hours
	1250
	1250
	Ribeiro et al. 2015

	Fish
	Cyprinus carpio
	Larval mortality
	30 days
	1000
	674
	Stepanova et al. 2013


* The European Commission assessed the reported NOEC/EC10 values for each study. Where a NOEC/EC10 was not reported, an estimate was made of an approximate 10% effect level. This was also undertaken where a NOEC was reported, but this did not represent a 10% effect level. 
** Reported EC20 value.
Values in bold applied in SSD in Figures 1 and 2 in main manuscript.
Values in italics applied in SSD in Figure 3 in main manuscript.
