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Executive summary 
Several Substances of Very High Concern (SVHC) are listed in Annex 14 of the UK 
Registration, Evaluation, Authorisation and restriction of CHemicals (UK REACH) 
regulation based on their endocrine disruption (ED) potential in aquatic wildlife. Their 
continuing use is subject to authorisation. Authorisation can be granted in two ways: either 
where “adequate control” has been demonstrated (i.e. exposure concentrations are below 
an acceptable threshold), or due to socioeconomic need. To date, authorisations for 
environmental endocrine disrupting chemicals (EDCs) have only been sought on 
socioeconomic grounds. No guidance is available to support applicants who might want to 
make “adequate control” arguments. Furthermore, decision makers have asked the 
regulator to provide an opinion on potential risks for applications made under the 
socioeconomic route. 

A SETAC Pellston Workshop® on Ecotoxicological Hazard and Risk Assessment 
Approaches for Endocrine-Active Substances held in 2016 concluded that a predicted no 
effect concentration (PNEC) can be derived for EDCs provided that “sufficient” data are 
available (Matthiessen et al., 2017). This implies that a risk assessment can be performed 
in principle.  

This report explores how PNECs for environmental EDCs might be derived using the type 
of ecotoxicity data that are available to identify them as SVHCs in the first place. It reviews 
three data-rich EDCs to establish what PNECs might be considered sufficiently protective 
of ED effects in the aquatic environment: the pharmaceutical ethinyloestradiol (EE2), and 
the Annex 14 listed substances nonylphenol (NP) and octylphenol (OP). Ecotoxicity 
datasets were compiled using reliable studies at Levels 4 and 5 of the Organisation for 
Economic Co-operation and Development’s (OECD) conceptual framework (CF) for EDCs. 
The suitability of each dataset was compared to the SETAC Pellston Workshop® criteria 
and mechanistic results were reviewed to provide supporting context.  

The initial review suggested that suitable PNECs could be derived by applying 
assessment factors (AFs) to the lowest no-observed effect concentrations (NOECs) from 
relevant ecotoxicity studies. The size of the AF reflects the amount of uncertainty in the 
dataset, as indicated by its level within the OECD CF. To test the concept, the initial 
findings from the three case studies were applied to eight further EDCs (industrial 
chemicals and pesticides) that have smaller datasets. A comparison was also made with 
PNECs derived following standard approaches for chemicals with non-specific 
mechanisms of action (MoA), together with an additional default AF of 5 to account for ED 
effects. The ED data considered for these test cases came from screening studies such as 
the fish short term reproduction assay (FSTRA), the more sophisticated fish sexual 
development test (FSDT), and the highest tier fish lifecycle toxicity test (FLCTT). These 
included mechanistic data, so it was possible to consider whether the derived PNECs 
offered a degree of protection against biological changes that may not in themselves be 
considered adverse but are a signal of endocrine system perturbation.  
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The report shows that it is possible to derive threshold-based values for an EDC based on 
NOECs from an OECD CF Level 4 or 5 test for oestrogen, androgen, and steroidogenesis 
(EAS) modalities. A Level 5 test assesses the whole lifecycle (providing greater coverage 
compared to a Level 4 test), includes relevant mechanistic data and is generally the most 
sensitive study. Therefore, a higher AF for Level 4 studies reflects the uncertainty that 
arises from testing only part of the lifecycle. Whilst a Level 3 FSTRA and a Level 4 FELS 
test are not usually acceptable for the identification of an EDC as a SVHC, an AF of 1 000 
and 100, respectively, appears to be appropriate for the derivation of an indicative PNEC 
covering potential ED impacts for risk assessment purposes. The general approach is 
summarised below. 

Recommended assessment factors for data from different levels of the OECD CF 

Available data AF 
Lowest NOEC/EC10a from a Level 3 FSTRA study 1 000 
One NOEC/EC10 from a Level 4 FELS test or an FSDT   100 
One NOEC/EC10 from a Level 5 FLCTT covering the sensitive window 
for sexual differentiation and reproduction 

10 

Note: A small additional AF might also be considered if the PNEC is not protective of 
mechanistic effects, etc. 
a 10% Effect Concentration 
 

The approach is an improvement compared with the application of an additional default AF 
to account for the ED properties, because the AF reflects the fish toxicity data available to 
provide a more relevant threshold value.  

Some uncertainties remain for multigenerational effects on fish species with alternative 
reproductive strategies (e.g. live bearers), species that are long lived or marine, and for 
amphibians. Whilst it is assumed that these species are adequately protected based on 
the proposed AFs, further evidence from such species would be helpful to provide 
reassurance on this point. Insufficient data were available for thyroid-related effects, which 
would need to be considered in future. 

This report could provide the basis for guidance to applicants for authorisation and allow 
the regulator to judge when the aquatic toxicity database is sufficient for PNEC derivation 
in other circumstances (such as restriction and evaluation decisions).  
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1. Introduction 

1.1 Endocrine disruption and chemical regulation 
Hormones are signalling molecules produced by glands in multicellular organisms that 
regulate many essential biological processes (collectively known as the “endocrine 
system”). Examples include the sex hormones oestradiol and testosterone and the growth 
regulating hormone thyroxine. Endocrine-disrupting chemicals (EDCs) mimic, block or 
interfere with the production, metabolism or action of hormones. They can therefore alter 
the normal functioning of the endocrine systems of biota, leading to a range of adverse 
effects, for example on behaviour, growth and/or reproductive fitness (Gore et al., 2014). 
Concern about their impact has been growing since the 1970s, when researchers first 
began to notice changes in the reproductive health of several wildlife groups (Jun et al., 
1972; Schug et al., 2016; Sifakis et al., 2017; Godfray et al., 2019). Classic examples in a 
UK context are the widespread feminisation of male fish in rivers caused by oestrogenic 
substances and reductions in reproductive output and survival of marine mollusc species 
associated with tributyl tin exposure (WHO/IPCS, 2002; EA, 2002; 2004; Godfray et al., 
2019). 

Endocrine disruption is not a toxicological endpoint in itself, but rather a mode of action 
that may lead to adverse effects. The World Health Organisation’s (WHO) EDC definition 
(WHO/IPCS, 2002) is: 

• An endocrine disruptor is an exogenous substance or mixture that alters function(s) of 
the endocrine system and consequently causes adverse health effects in an intact 
organism, or its progeny, or (sub) populations; and 

• A potential endocrine disruptor is an exogenous substance or mixture that possesses 
properties that might be expected to lead to endocrine disruption in an intact organism, 
or its progeny, or (sub) populations. 

Various international bodies have identified EDCs from a range of chemical groups. For 
example, polybrominated diphenyl ethers, phthalate esters, 4-alkylphenols, bisphenols, 
polychlorinated biphenyls and dioxins (Diamanti-Kandarakis et al., 2009). Naturally 
occurring substances may also be endocrine active – for example, plant isoflavones can 
have hormone-like activity in mammals and have been used in human food supplements 
for this purpose (NIEHS, 2024). Many pharmaceuticals are also designed to interact with 
the endocrine system, the most obvious example being the contraceptive pill. 

The WHO definition has been adapted for regulatory purposes, most recently as part of 
legislation for classification, labelling and packaging (CLP) of substances and mixtures in 
the EU (EC, 2023), which states that a substance shall be identified as having endocrine 
disrupting properties for the environment if it meets the following criteria: 

1. It causes an adverse effect in an intact organism or its offspring or future 
generations relevant at the population level; 
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2. It has endocrine activity; and 

3. There is a biologically plausible link between the endocrine activity and the 
adverse effects. 

A Weight-of-Evidence (WoE) assessment is usually used to demonstrate the biologically 
plausible link. This hazard classification category is under discussion at the United Nations 
and has not yet been adopted within Great Britain. 

There are no formal information requirements for ED properties under UK REACH, but 
they can be considered by regulators under Substance Evaluation with reference to OECD 
Guidance Document (GD) 150 (OECD, 2018). This provides a Conceptual Framework 
(CF) to assess different types of information. Levels 1 and 2 concern non-test and in vitro 
data, Level 3 concerns mechanistic information from in vivo studies, and Level 4 and 5 
concern more complex in vivo studies which include apical endpoints to allow adversity to 
be assessed. 

In general, GD 150 focuses on the following endocrine modalities: 

• oestrogen mediated (E) 
• androgen mediated (A) 
• thyroid hormone mediated (T) 
• steroidogenesis interference (S) 

An EDC may be identified as a Substance of Very High Concern (SVHC) under Article 57f 
of the Registration, Evaluation, restriction and Authorisation of CHemicals (REACH) 
Regulations. This is triggered by the regulator, who must provide an argument that the 
chemical poses an “equivalent level of concern” to substances that meet the criteria listed 
in Article 57a-e of the legislation. For environmental EDCs, this usually relies on in vivo 
tests performed using fish when investigating oestrogen, androgen and steroidogenic 
(EAS) modalities. Amphibian testing is currently used to identify thyroid disrupting 
chemicals in the environment, although methods that include thyroid relevant 
measurements as part of fish studies are under development. 

1.2 Authorisation of environmental EDCs 
SVHC identification triggers various obligations for suppliers of the EDC and the SVHC 
may also be added to Annex 14 of REACH (the “authorisation list”). Authorisation obliges 
companies that wish to carry on using an SVHC beyond a specified date to submit a 
package of information to justify why they should be allowed to do so. 

Article 60 of REACH states that authorisation of an SVHC can be granted in two ways: 
either demonstration that exposure concentrations are below an acceptable threshold 
(“adequate control”) or due to socioeconomic need. The European Union (EU) is 
ambiguous about which route is appropriate for chemicals with an ED MoA. Applicants are 
advised to assume there is no safe level of exposure unless they can justify otherwise, but 
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there is no guidance about how this justification can be made (EC, 2016). To date, 
authorisations under both EU and UK REACH for ED SVHCs have only been granted on 
socioeconomic grounds.  

The purpose of this report is therefore to explore whether and how a case could be 
made to use the adequate control route for SVHCs that are environmental EDCs. 
This will also be relevant to other REACH activities such as restriction and Substance 
Evaluation.  

1.3 Report outline 
Data for three relatively data-rich substances with a common oestrogenic ED MoA were 
compiled for an initial assessment: 

• 4-Nonylphenol (NP, also known as para-NP) and 4-tert-octylphenol (OP) are two 
well-studied industrial substances with ER agonist activity. They were selected for  
this project because they are transformation products of derivatives called 
alkylphenol ethoxylates, which are subject to authorisation under REACH.  

• 17α-Ethinyloestradiol (EE2) is a synthetic hormone used in various medical 
treatments due to its potent ER agonist activity. It therefore provides a benchmark 
for assessing the properties of other ER agonists. 

Following data compilation, the quality of the datasets was assessed against the Society 
of Environmental Toxicology and Chemistry (SETAC) Pellston Workshop® criteria 
(Matthiessen et al., 2017). Next, there was an exploration of how acceptable threshold 
levels might be derived for these substances following standard approaches for chemicals 
with non-specific MoAs to derive Predicted No Effect Concentrations (PNECs), but using 
existing data relevant for the detection of endocrine effects. Finally, based on the 
conclusions for NP, OP and EE2 it was considered how the approach might be used for 
EDCs with more limited datasets. 

Section 14 of this report outlines the methodology and approaches taken for deriving the 
PNECs, and for assessing what a “sufficient dataset” means for an EDC. Sections 24, 41 
and 56 detail the derivation of proposed PNECs for NP, OP and EE2, respectively. Section 
77 discusses these PNECs and Section 82 considers the derivation of PNECs for 
substances with ED concerns but limited datasets, by considering the eight additional 
chemicals as examples. Section 104 discusses what a sufficient dataset is for the 
purposes of risk assessment of EDCs, while Section 117 provides conclusions and 
recommendations. 

Note:  

1. Applicants for authorisation are only required to address impacts arising from 
the emission of the substance listed on Annex 14. Consideration of potential 
mixture effects is not legally required, so is not discussed in this report (see EA, 
2022; RSC, 2025 for a wider discussion of this issue).  
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2. This report is about the control of substances that have already been identified 
as environmental EDCs; it does not discuss the way they are identified, or 
associated test strategies. 
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2. Methodology 

2.1 Data collation for NP, OP and EE2  

2.1.1 Literature collation methodology 

Existing regulatory assessments or reviews were used as the starting point for data 
collection for NP, OP and EE2. As the purpose of the existing data summaries differed 
between the substances (i.e. regulatory PNEC derivation for NP versus an SVHC 
assessment for OP) there were differences in the criteria for acceptability of the data cited 
in the different reports. For example, studies without supporting analytical verification were 
not considered acceptable for use in deriving a regulatory PNEC for NP (ECHA, 2014a). 
New literature searches, detailed below, were performed to provide contemporary data 
published since the regulatory assessments were completed. It was assumed that earlier 
published literature would have been adequately captured by the respective regulatory 
assessments.  

2.1.1.1 Existing regulatory assessments for NP and OP 
 
The following sources were used to initially identify effects data for NP and OP:  

• REACH restriction dossier for nonylphenol ethoxylates (NPEO) in textiles and the 
accompanying ECHA opinion (ECHA, 2014a; b); 

• SVHC dossiers for NP and OP (ECHA, 2011; ECHA, 2012a, b; ECHA, 2013a); 
• Environment Agency risk evaluation report for OP (EA, 2005);  
• REACH Substance Evaluation conclusion for nonylphenol, branched, ethoxylated 

(ECHA, 2018), which includes relevant data for NP;  
• Relevant Robust Study Summaries published in the ECHA dissemination portal for 

the registrations of NP and OP; and 
• Additional studies cited in the octylphenol ethoxylate (OPEO) REACH registration 

Chemical Safety Report (data provided by the EA). 

2.1.1.2 Literature searches for NP and OP 

Literature searches were conducted to identify any new data for NP published between 
1st January 2014 and 31st August 2022 and data for OP published between 1st January 
2012 and 31st August 2022. The start dates were prior to the publication of the most recent 
regulatory assessments, to provide some overlap between the literature searches 
conducted for the previous assessments (although the search methodologies for those 
assessments were not available so could not be checked for consistency). Searches of 
published scientific literature were conducted on 31st August 2022 using bibliographic 
databases PubMed (United States National Library of Medicine) and Web of Science 
(Clarivate Analytics). The following search strings were used: 

https://echa.europa.eu/information-on-chemicals/registered-substances
https://pubmed.ncbi.nlm.nih.gov/
https://clarivate.com/webofsciencegroup/solutions/web-of-science/
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Nonylphenol: (“Nonylphenol” OR “Nonyl phenol” OR “2,6-Dimethyl-4-heptylphenol”) AND 
(development OR reproduction OR growth OR chronic OR subchronic OR NOEC OR 
algae OR fish OR amphibia* OR daphnia OR invertebrate OR crustacea* OR vitellogen* 
OR imposex OR intersex OR metamorphosis OR ovotest* OR testis-ova OR gonado-
somatic) 

Octylphenol: (“Octylphenol” OR “Octyl phenol”) AND (development OR reproduction OR 
growth OR chronic OR subchronic OR NOEC OR algae OR fish OR amphibia* OR 
daphnia OR invertebrate OR crustacea* OR vitellogen* OR imposex OR intersex OR 
metamorphosis OR ovotest* OR testis-ova OR gonado-somatic) 

Note: NOEC = no observed effect concentration 

The searches retrieved 1 021 unique results for NP and 413 unique results for OP. Titles 
and abstracts were screened for aquatic ecotoxicological studies with information on ED or 
adverse effects on apical endpoints following the relevance and reliability assessment 
approaches detailed in Section 15. Full papers were obtained if information in the title and 
abstract were insufficient to determine the relevance or reliability. 

2.1.1.3 Existing data for EE2 

The following sources were used to identify data for potential use in deriving a PNEC for 
EE2:  

• Matthiessen et al. (2017): Case Study Summary for EE2 prepared for discussion at 
a SETAC Pellston Workshop®; 

• European Commission report on the evaluation of 12 substances in the context of 
the ED Priority List of Actions (EC, 2002); 

• German Environment Agency Department of Pharmaceuticals Environmental Quality 
Standard (EQS) report for EE2 (JRC, 2022); and 

• Literature search conducted and provided by the Environment Agency covering the 
period 2016 – 3 June 2021 (this was conducted using the search terms specified in 
the supplementary information of Matthiessen et al. (2017), using Scopus). 

2.1.2 Data collection and assessment 

2.1.2.1 Relevance assessment 

The relevance criteria applied to data for consideration in the PNEC derivation were based 
on those used in the REACH restriction dossier for NPEO in textiles (and accompanying 
ECHA opinion) (ECHA, 2014a) as follows: 

1. Guidance for standard OECD ecotoxicology tests were used to assess the 
suitability of the study. Such studies would usually test at least three concentrations 
with spacing factors between test concentrations of at least 3.2. Non-standard tests 
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were also included where population-relevant endpoints (survival, growth, 
development and/or reproduction), were included. 
 

2. Since PNECs for an EDC should be based on chronic rather than acute endpoints, 
only data from long-term studies were used, typically at Levels 4 and 5 of the 
OECD CF for EDCs (OECD, 2018) (Appendix 151). Suitable studies for deriving a 
long-term PNEC are also listed in the EC Technical Guidance for deriving 
Environmental Quality Standards (EC, 2018).  
 
It should be noted that:  

o OECD CF Level 3 studies for EAS activity are generally short-term adult 
exposures intended to provide mechanistic information. They are not 
sufficiently sensitive for use in PNEC derivation, so are used as supporting 
information only, unless otherwise justified (i.e. testing of more than three 
concentrations). 

o Fish growth studies (e.g. based on the fish juvenile growth test, OECD Test 
Guideline (TG) 215 (OECD, 2000)) are not included in the OECD CF 
because they are not expected to be sensitive for endocrine active 
substances as they do not cover sensitive life stages or include reproductive 
endpoints. These studies have therefore not been used for the PNEC 
derivation. 

o The Fish Early Life Stage (FELS) test (OECD TG 210 (OECD, 2013)) and 
Fish Sexual Development Test (FSDT, OECD TG 234, OECD, 2011) are 
both Level 4 studies and therefore considered suitable for PNEC derivation. 
There is, however, expected to be a difference in sensitivity between these 
studies (especially for detecting effects of endocrine active substances) 
because the FSDT has a longer species-specific test duration (e.g. for 
Zebrafish Danio rerio, 60 days post hatch in the FSDT compared with 
30 days post hatch in the FELS test), higher replication (e.g. 120 fish per 
treatment in the FSDT compared with 80 in the FELS test) and incorporates 
EAS-mediated endpoints such as sex ratio. The duration of a FELS test with 
the Rainbow Trout (Oncorhynchus mykiss) is 60 days post hatch, which is 
an equivalent duration to the FSDT conducted with the smaller fish species. 
Both studies have been included in the present assessment, but study 
design has been considered as part of the data sufficiency assessment. 

 
3. Exposure should be via water as this is most relevant for the pelagic compartment. 

 
4. Results from studies based on nominal concentrations have been used as 

supporting information only. 
 

5. The study should derive a bounded NOEC (i.e. not “less than” or “greater than” 
values). If a NOEC cannot be derived and the lowest observed effect concentration 
(LOEC) represents between a 10% and 20% effect compared with the control, then 
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a NOEC calculated from the LOEC/2 can be used (ECHA, 2008). If a NOEC cannot 
be defined, and no EC10 (test concentration for a 10% effect) was reported, the 
study is considered not relevant for PNEC derivation purposes. 
 

6. Algae and plants were excluded as they do not possess functional oestrogen or 
androgen hormones. 
 

7. SVHCs identified on the basis of environmental ED concerns usually rely on 
evidence of endocrine-mediated toxicity in aquatic vertebrates, as they are sensitive 
to EAS modalities. Nevertheless, invertebrate data were initially included to 
maximise the NP and OP datasets even though they are not expected to have 
functional steroid receptors relevant for the oestrogenic MoA (Crane et al., 2022). 
Invertebrates have, however, shown relatively high sensitivity following chronic 
exposure to alkylphenols (e.g. EA, 2005; ECHA, 2014a). Furthermore, the inclusion 
of invertebrates increases the number of species for a probabilistic PNEC, arguably 
increasing its statistical robustness (Posthuma et al., 2019). Invertebrates were not 
included in the EE2 assessment because a large amount of fish data is available.  

Studies may also include endpoints which provide mechanistic information about an 
endocrine MoA, such as effects on secondary sex characteristics (SSC), gonad 
histopathology, gonadosomatic index (GSI) and vitellogenin (VTG) measurements. These 
provide evidence for biological changes at the level of the individual, which are expected 
to occur at lower test concentrations compared with population-level outcomes. They were 
therefore used as supporting contextual information. For further information on AOPs and 
MoAs see Appendix K. 

2.1.2.2 Data collation 

All relevant data were collated in a spreadsheet detailing the following: 

• Substance tested 
• Species tested and taxonomic group 
• Media of relevance (freshwater or marine) 
• Test guideline used (where applicable) 
• Study type and OECD CF level 
• Test endpoint and whether it was population-relevant 
• Value of the NOEC or EC10 
• Reliability of the study (i.e. Klimisch score, Klimisch et al., 1997) 
• A study ID number with associated study reference 
• The source of the study (i.e. from a previous regulatory assessment or new 

literature search). 

Effects in the relevant studies were also summarised in tabular format. These tables 
include population-relevant and mechanistic endpoints. 
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2.1.2.3 Data reliability assessment 

The assessment of reliability for all studies was similar to that used in ECHA (2014a) with 
standardised test designs being used as a reference for test methodology. Non-standard 
tests were included assuming that test organisms were maintained under acceptable 
conditions, the methods and results were adequately reported, and there was supporting 
analytical verification of test concentrations.  

The reliability of new studies identified in the scientific literature for this report were 
assessed using the Criteria for Reporting and Evaluating ecotoxicity Data (CRED) method 
developed by Moermond et al. (2016). CRED provides a framework for assessing 
reliability of a study which is aligned with the Klimisch scoring system (Klimisch et al., 
1997). Only studies assessed as reliable (R1) or reliable with restrictions (R2) were used 
for PNEC derivation. CRED uses “C1” etc, but for consistency in this report, “R1” etc is 
used to cover both CRED and Klimisch scoring. 

The reliability of data included in existing regulatory reports was assessed as follows: 

• The data used for PNEC derivation for NP in the REACH restriction dossier (ECHA, 
2014a) and for OP by the Environment Agency (EA, 2005) were used without re-
evaluation for reliability. Klimisch scores were used as reported. 

• The ECHA (2011) SVHC support document evaluating the endocrine properties of 
OP included some studies that were potentially suitable for PNEC derivation. The 
reliability of studies reported in ECHA (2011) but not included in EA (2005) were 
therefore assessed for reliability as part of the current assessment.   

• The data used for the PNEC derivation for EE2 primarily came from the studies 
considered in Matthiessen et al. (2017) and assessments published by the 
European Commission (EC, 2002) and Joint Research Centre (JRC, 2022). A 
re-evaluation of their reliability was undertaken to ensure consistency. This is 
because the approach adopted for this assessment deviated from Matthiessen et al. 
(2017) and JRC (2022), in which the LOEC/2 was used for some studies where the 
LOEC was > 20% of the NOEC.  

Some studies cited in the existing reviews were taken from secondary sources. For 
example, these included proprietary studies cited from early regulatory assessments or the 
International Uniform ChemicaL Information Database (IUCLID), which are no longer 
accessible. However, results from studies which were generated for regulatory purposes, 
and which have been assessed as reliable in a previous regulatory assessment (for 
example an ECHA SVHC Support Document), were included in this assessment to 
maximise the dataset. 
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2.2 PNEC derivation 

2.2.1 PNEC derivation methodology 

Both deterministic and probabilistic approaches were taken for PNEC derivation for NP, 
OP and EE2 following the appropriate technical guidance (ECHA, 2008; EC, 2018).  

The standard deterministic approach extrapolates the lowest population-relevant endpoint 
obtained in (eco)toxicity tests (such as the concentration that does not cause any 
statistically significant effects on survival, growth, development and reproduction 
compared to a control group) using an Assessment Factor (AF) to yield a PNEC. The AF is 
a way of taking account uncertainties related to: 

• intra- and inter-laboratory variation of toxicity data;  
• intra- and inter-species variations (biological variance);  
• short-term to long-term toxicity extrapolation;  
• laboratory data to field impact extrapolation.  

For freshwaters, the default AF can be 1 000, 100, 50 or 10, depending on the amount of 
(eco)toxicity test data available (the highest value being used when there are only acute 
(short-term) toxicity data, and the lowest value when there are chronic (long-term) toxicity 
data for fish, invertebrates and algae/aquatic plants). It is assumed for regulatory purposes 
that chemical concentrations below the PNEC will not lead to significant harm to wildlife 
populations. This is a well-established approach for assessments under REACH and 
preceding legislation. 

Probabilistic PNEC derivation uses the same long-term (eco)toxicity data but applies 
statistical modelling to derive a concentration – called the HC5 – that is assumed to be 
protective of 95% of all species in the relevant environment (e.g. freshwater). An AF is 
applied to the HC5 to derive the PNEC; the AF reflects the higher level of certainty in the 
dataset, so is typically lower than those used for deterministic PNEC derivation.  

At least 10 (preferably 15) reliable and relevant NOEC / EC10 values from different species 
covering at least eight representative taxonomic groups are generally required. However, 
since the PNECs considered in this report focus specifically on the results from ED 
relevant studies at Level 4 and 5 of the OECD CF with invertebrates and vertebrates 
(OECD, 2018), such an extensive taxonomic coverage is unlikely to be met in most cases 
for EDCs. Therefore, for this project, a Species Sensitivity Distribution (SSD) was 
generated based on all the available reliable and relevant data (i.e. from studies from 
Level 4 or 5 of the CF) with no regard for these taxonomic coverage criteria.  

SSDs were initially generated using the ETX version 2.3 computer program for calculating 
the HC5 (log-normal model) (Van Vlaardingen et al., 2004). However, recent developments 
in SSD modelling suggests that alternative or consensus (average) models may provide a 
better fit and more reliable estimate of the HC5 especially for small datasets (Fox et al., 
2021). The HC5 values were therefore derived using alternative and averaged models in 
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ssdtools version 1.0.2 (Thorley and Schwarz, 2018) in a web-based app (Dalgarno, 2018). 
The minimum dataset for these models is six species. The most appropriate models for 
inclusion in the assessment were chosen based on goodness-of-fit parameters, using the 
Anderson-Darling statistic and Akaike’s Information Criterion corrected for sample size 
(AICc), as well as visual inspection of the data. The AICc method is recommended for 
assessing goodness-of-fit by ssdtools (the lowest value indicating the best fit) based on 
Burnham and Anderson (2002). The Anderson-Darling statistic (the highest value 
indicating the best fit) is recommended for the same purpose in the EQS technical 
guidance (EC, 2018). 

The results for all median HC5 models (and the average model) were reported for the 
models with a good fit along with lower and upper confidence intervals. The appropriate 
value for use in PNEC derivation is discussed for each substance.  

2.2.2 SETAC Pellston Workshop® criteria  

The datasets for PNEC derivation were evaluated against the SETAC Pellston Workshop® 
criteria for EDCs (Matthiessen et al., 2017) for the purposes of data gap analysis. The 
SETAC criteria are outlined below: 

• Have the most appropriate taxa been tested (with relevant endpoints)? 
• Have sensitive life stages, or the entire life cycle, been tested (again with relevant 

endpoints)? 
• Have delayed and multigenerational (i.e. latent) effects been considered? 
• Do Non-Monotonic Dose Relationships (NMDRs) or other unusual temporal 

patterns of toxicity affect the ability to predict reliable no-adverse-effect levels 
(NOAELs, the equivalent term to NOECs in mammalian toxicity studies)? 

• Does a threshold for adverse endocrine-mediated effects exist? 

Standard default AFs were initially applied to the datasets for NP, OP and EE2 but the AFs 
were evaluated and amended based on the data quality, the assessment against the 
criteria outlined above and whether the resulting PNEC was protective for a NOEC based 
on mechanistic effects, as discussed in Sections 24, 41 and 56. 

2.3 Substances with smaller datasets 

2.3.1 Selection criteria 

To test the initial proposals for deriving PNECs for EDCs based on evidence for NP, OP 
and EE2, further substances with an EAS MoA were selected to evaluate the applicability 
of AFs in cases where there were fewer data. The selection criteria were substances with: 

1. a well-documented and understood endocrine mechanism, and  
2. clear environmental effect data at concentrations below the limit of solubility, and 

which are not excessively impacted by systemic toxicity. 
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Three ER agonist substances were chosen along with five substances with different types 
of endocrine activity, but still predominantly involving EAS pathways. These are listed in 
Table 1. Data extracted from existing compilations for each substance were used at face 
value; it was beyond the scope of this project to perform an in-depth assessment of data 
reliability for them.  

Table 1 Initial list of substances used for assessing the sufficiency of an ED dataset 

Substance CAS number Endocrine 
mechanism 

Data sources 

3-Benzylidene 
camphor (3-BC) 

15087-24-8 ER agonist ECHA, 2016 

Methyl paraben 99-76-3 ER agonist IUCLID, 2022b 

Propyl paraben 94-13-3 ER agonist IUCLID, 2021b 

Fenbuconazole 114369-43-6 Thyroid activity, AR 
antagonist and 
steroidogenesis 

EFSA, 2010a; IUCLID, 
2021c 

Cyproconazole 94361-06-5, 
94361-07-6, 
113096-99-4 

Steroidogenesis EFSA, 2010b; 
INERIS, 2011 

Propiconazole 60207-90-1 AR antagonist EFSA, 2017; 
Matthiessen et al., 
2017; JRC, 2020 

Prochloraz 67747-09-5 Aromatase inhibitor OECD, 2006; EFSA, 
2011; JRC, 2020 

Vinclozolin 50471-44-8 AR antagonist Matthiessen et al., 
2017 and various 
scientific publications 

Three substances initially selected as validation substances did not meet the criteria as 
follows: 

• Bis(2-ethylhexyl) phthalate (DEHP), CAS no. 117-81-7: DEHP has been identified as 
an SVHC under REACH based on its ED properties, acting mainly as an ER agonist 
(ECHA, 2014c). Ecotoxicity testing is difficult because it has a high adsorption potential 
to surfaces and organic matter (the n-octanol/water partition coefficient (log KOW) is 7.5) 
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and low water solubility (3 µg/L at 20°C) (ECHA, 2014c). The SVHC dossier discusses 
difficulties in interpreting the available ecotoxicology dataset for DEHP, because studies 
were either conducted at test concentrations above the water solubility limit or do not 
have supporting analytical chemistry. Since it is beyond the scope of this project to 
review the individual studies for DEHP, and because it is difficult to determine an exact 
NOEC / EC10 value for the ED effects for PNEC derivation due to the limitations of the 
available studies, it is not considered a suitable validation substance. 

• Tributyl tin (TBT) compounds, CAS no. 688-73-3 / 36643-28-4: This is a class of 
organotin compounds which contain a (C4H9)3Sn group. They are well established as 
having an EAS mode of action, but the endocrine mechanism for invertebrates appears 
to be via retinoid X receptor (RXR) and peroxisome proliferator-activated receptor 
(PPAR) pathways (Matthiessen et al., 2017 – see supplemental data S4). These 
endocrine mechanisms are not well understood compared with the EAS pathways 
which are covered by OECD GD 150 and European guidance on how to identify an 
EDC (EFSA/ECHA, 2018). It was therefore decided to remove this substance from 
scope. 

• Etridiazole, CAS no. 2593-15-9: The main ED concerns for this substance are for 
effects via the thyroid, mainly based on mammalian toxicity data (ECHA, 2013b; EA, 
2023). It was therefore considered not to be a relevant for an approach focused on EAS 
modalities because amphibian data are considered necessary for evaluating the 
hazards of thyroid active substances. 

2.3.2 Endocrine activity of the selected substances using ToxCast 

To assess whether the potency based on endocrine activity could be used as supporting 
information when deriving a PNEC, data on the EAS activity of all the substances was 
derived from the United States Environmental Protection Agency’s (US EPA) CompTox 
Dashboard. The dashboard was checked on 24 January 2023. The CompTox Dashboard 
includes ToxCast data from the US EPA Endocrine Disruptor Screening Programme. 
These are in vitro assays based on mammalian test systems. The following information on 
relevant for EAS modalities was extracted: 

• Bioactivity model scores. The bioactivity models use the results from multiple receptor-
mediated in vitro assays (based on mammalian cell lines) to make an overall prediction 
for ER (Browne et al., 2015) or AR (Kleinstreuer et al., 2017) agonist or antagonist 
activity. The models generate area under the curve (AUC) scores typically between 0 
and 1.0. Area under the curve scores below 0.001 indicate a substance to be inactive, 
AUC scores above 0.1 indicate activity. Scores between these values are inconclusive.  

• Steroidogenesis based on the result (AC50) for aromatase inhibition 
(TOX21_Aromatase_Inhibition) as well as cell viability 
(TOX21_Aromatase_Inhibition_viability) in the associated assay. 

https://comptox.epa.gov/dashboard/
https://comptox.epa.gov/dashboard/
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• Steroidogenesis effects based on the result for hormone responses in H295R cell line 
(up or down). The hormones typically measured are cortisol, 11-deoxycortisol, 
deoxycorticosterone, corticosterone, androstenedione, 17α-hydroxypregnenolone, 
progesterone, 17α-hydroxyprogesterone, oestradiol, oestrone, and testosterone. 

Where an AC50 for cytotoxicity was less than or within 10 µM of the result from the 
endocrine specific assay, the endocrine assay was considered to have been affected by 
cytotoxicity and therefore was assessed as not valid. The data are provided in Appendix 
218. Section 79 discusses the ToxCast data for NP, OP and EE2, while Section 82 
discusses the data for the individual validation substances. 

2.3.3 Other evidence of in vitro endocrine activity 

Increasing evidence that the endocrine system including androgen and oestrogen 
receptors are conserved between mammalian and fish species (Brown et al., 2023; Panter 
et al., 2023). Therefore in vitro mechanistic data can provide useful screening level 
information for endocrine activity in fish. For some substances in vitro data based on 
effects in fish specific receptors (including medaka ERα) have been generated as part of 
the Ministry of Environment of Japan’s program on endocrine disrupting effects of 
chemical substances. Data for in vitro medaka ERα activity of validation substances 
reported in Onishi et al., (2021) and Kawashima et al., (2021) were extracted as further 
evidence for endocrine activity. 
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3. PNEC derivation: Nonylphenol 

3.1 Long-term aquatic toxicity data 
A previous regulatory assessment for NP (ECHA, 2014a) was used as the basis for this 
assessment. This has been updated with new data which were published in the scientific 
literature since the 2014 assessment. Detailed information on the substance identity and 
physicochemical properties of NP is given in Appendix 146. 

3.1.1 Fish 

OECD CF Level 3 fish and amphibian studies (used as supporting information) are 
summarised in Table 43, and Level 4 and 5 studies are summarised in Table 44 and Table 
45, respectively in Appendix 155. Only studies falling under Levels 4 or 5 were considered 
suitable for derivation of the PNEC. 

Rice fish / Adrianichthyidae (Oryzias latipes) 

One of the most sensitive species to NP is the Japanese medaka (Oryzias latipes). There 
are three FSTRA studies all with similar results (NOECs based on fertility or fecundity of 
16.5 µg/L (Ishibashi et al., 2006), 18.8 µg/L (Kawashima et al., 2021), and 50.9 µg/L (Kang 
et al., 2003). From these studies VTG in male fish was the most sensitive biomarker 
endpoint, being significantly induced compared with the control at 5.4 – 50.9 µg/L 
(Ishibashi et al., 2006, Kawashima et al., 2021, Kang et al., 2003). There were also three 
Level 4 studies based on an FSDT. In one of these studies, growth was the most sensitive 
population-relevant endpoint with a NOEC of 11.6 µg/L based on reduced body weight 
(Seki et al., 2003), in the second sex reversal was affected at 31 µg/L (Horie et al., 2021), 
and in the third there were no effects on population-relevant endpoints at the highest 
tested concentration of 29 µg/L (Balch and Metcalfe, 2006). In all three FSDT studies 
testis-ova were observed at concentrations between 11.6 and 31 µg/L, SSC were affected 
between 3.0 and 44.7 µg/L and in one study (Seki et al., 2003) there was induction of VTG 
at 11.6 µg/L. The most sensitive FSDT study with O. latipes and nonylphenol was Seki et 
al., (2003). This was a non-standard test because the exposure from fertilised eggs until 
60 days post hatch was then followed by a 30 day depuration phase. Since this depuration 
phase did not appear to affect the sensitivity of the study it is included for consideration for 
PNEC derivation (it was also assessed as reliable according to ECHA, 2014). As there 
were more sensitive Level 5 studies with O. latipes this study does not affect the derivation 
of the final PNEC. 

There are also two Level 5 studies with O. latipes. The first is a life cycle test which 
exposed embryos until adult and then followed F1 fish until sexual differentiation (Yokota 
et al., 2001). This study was included in the ECHA (2014a) restriction dossier and 
assessed as reliable with restriction (R2). The NOEC from the study was 8.2 µg/L based 
on reduced survival post the swim-up phase in the F0 generation at 17.7 µg/L (Yokota et 
al., 2001). At 17.7 µg/L the sex ratio was female biased (9 males:19 females compared 

http://en.wikipedia.org/wiki/Ricefish
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with 28:31 in the control and 26:28 in the solvent control), with only three reproductive 
pairs, whose fertility was reduced to 76% of that in the controls (although the effect on 
fertility was not statistically significant due to the small sample size). Mean fertility was 
> 90% in the controls and at test concentrations < 17.7 µg/L. There were significant effects 
on testis-ova, and SSC at 17.7 µg/L.  

The experimental design of this study differs from the Medaka Extended One Generation 
Test (MEOGRT) which is initiated using mating pairs. Also, the reproductive phase in this 
study was based on six mating pairs in the control and in each treatment, whereas the 
MEOGRT uses twelve mating pairs in the control to increase the statistical robustness of 
the test. This lower resolution may explain the difference in sensitivity in this study 
compared with a subsequently conducted MEOGRT.  

The second study is a MEOGRT which is the recommended Level 5 CF fish test according 
to the OECD. The study (Watanabe et al., 2017) is an early study relative to the 
publication of the OECD TG 240 (2015) and was considered to be reliable with restriction 
(R2). The study is also considered to be reliable in the ECHA registration dossier. There 
were however significant effects on growth and reproduction at the lowest test 
concentration of 1.27 µg/L, which means that the study is unbounded and difficult to 
interpret for use in PNEC derivation. A full summary and interpretation of the study is given 
in Appendix 179. The NOEC for reproduction is < 1.27 µg/L based on a concentration-
dependent reduction in the number of eggs per female per day and the number of fertile 
eggs per female per day. Reduced growth at the lowest concentration of 1.27 µg/L was not 
considered to be biologically relevant.  

No clear NOEC is derived for fertility and fecundity (unbounded study), however, 
according to ECHA (2008) if the LOEC is > 10 and < 20% effect, the NOEC can be 
calculated as LOEC/2. Since the effects on egg production are 12% reduction (based on 
eggs per female per day) and there is a 13% reduction (based on fertilised eggs per 
female per day) an estimated NOEC of 0.64 µg/L can be derived for this study. The lack of 
a clear NOEC for NP is a potential issue because of the ED MoA. However, given the lack 
of effects on reproductive endpoints at 8.2 µg/L in a second life cycle study with the same 
species (Yokota et al., 2001) and that in the MEOGRT key biomarkers for oestrogenic 
activity such as effects on male VTG induction in F0 and male SSC in F1 sub adults all 
followed a concentration response with clear NOEC values ≥ 2.95 µg/L the approach can 
be justified.  

Carps and minnows / Cyprinidae (Pimephales promelas) 

Several studies are available for the Fathead Minnow (Pimephales promelas). In a fish 
growth study, there was significantly reduced growth and survival of P. promelas with a 
NOEC of 38 µg/L and 77.5 µg/L, respectively (Brooke, 1993b). There were also three 
Level 3 reproduction studies with effects on biomarker endpoints for induction of plasma 
VTG at 71 µg/L (Harries et al., 2000) and testis histopathology at 1.6 µg/L (Miles-
Richardson et al., 1999).  
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There was one valid Level 4 study with P. promelas which was a FELS test with a NOEC 
of 7.4 µg/L based on survival (Ward and Boeri, 1991a). This effect was assessed as 
suitable for use in PNEC derivation according to ECHA (2014a). It is noted that the study 
did not include mechanistic endpoints. 

Danio rerio 

There was one Level 4 study with Zebrafish considered in ECHA (2014), which was of 
similar design to an FSDT (60 days) (Lin and Janz, 2006) but the study included no 
analytical verification and therefore is used as supporting information only. There were 
effects on sex ratio at the lowest (nominal) test concentration of 10 µg/L, and therefore no 
NOEC was derived for the study. VTG induction and gonad histology were also affected at 
10 µg/L (nominal). Two Level 5 multigeneration studies (up to four generations) with D. 
rerio were also not considered reliable and relevant for PNEC derivation due to the wide 
spacing of test concentrations, limited analytical verification and lack of transparency of 
reporting (so that validity criteria could be checked) (Sun et al., 2017; 2021). The results 
from these studies are generally supportive of data for other fish species with effects on 
hatching, growth, sex ratio and gonads at 20.3 µg/L (albeit not following a concentration 
response for sex ratio). There was limited evidence that the effects of NP were worsening 
in subsequent generations. The effect on sex ratio was observed in the F1 generation but 
not the F2 generation (Sun et al., 2017). Effects on hatching and fertility ratio were 
observed at similar test concentrations across multiple generations (Sun et al., 2021). 
There was a reduction in male body length at a lower test concentration in the F2 
(20.3 µg/L) compared with F1 generation (182.6 µg/L) in one of the studies (Sun et al., 
2021), but this was not observed in the other study (Sun et al., 2017).   

Salmonids / Salmonidae (Oncorhynchus mykiss)  

There were two Level 3 reproduction screening assays with Rainbow Trout 
(Oncorhynchus mykiss) with effects on mechanistic endpoints only. In one study, VTG was 
significantly induced at 20.3 µg/L, and GSI was affected at 54.3 µg/L (Jobling et al., 1996), 
while in the second study VTG was induced at 8.3 µg/L, and there were effects on GSI and 

increased plasma oestradiol at 85.6 µg/L (Harris et al., 2001). 

There are also two Level 4 studies with On. mykiss, a FELS test (Spehar et al., 2010) and 
two studies similar to an FSDT (Ashfield et al., 1998; Ackermann et al., 2002). A NOEC of 
6 µg/L was reported in the FELS study based on reduced body weight (- 29%) and length 
(- 14%) after 91 days’ exposure. This result was the lowest NOEC used in the ECHA 
(2014) restriction dossier. There were no biomarker endpoints included in the study. There 
was also an effect on growth at 10 µg/L in one of the FSDT-style studies, but the study 
does not meet the relevance criteria for PNEC derivation in the present assessment 
because of the lack of supporting chemical analysis (Ashfield et al., 1998). The third FSDT 
style study tested up to a maximum concentration of 10.17 µg/L without adverse effects on 
population-relevant endpoints (Ackermann et al., 2002). For biomarker endpoints 
Ackermann et al. (2002) determined effects on hepatic VTG at 1.05 µg/L and on zona 
radiata protein at 10.17 µg/L, while in the Ashfield et al. (1998) study there were effects on 
the ova-somatic index at 30 µg/L (nominal).  
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There is also a Level 5 study with On. mykiss (Schwaiger et al., 2002) which is used as 
supporting information only in the ECHA (2014a) restriction dossier (intermittent dosing on 
10 days each month for four months, only two wide spaced test concentrations of 1 and 
10 µg/L, limited replication, F1 generation were not exposed to NP) and also in the present 
assessment. However, the study indicates effects on hatching at 1 µg/L and confirms 
effects on biomarker endpoints for induction of male VTG (at both 1 and 10 µg/L) in the F0 
generation. There were also some effects on biomarkers in the F1 generation (despite no 
direct exposure to NP). These were increased VTG in females, increased testosterone in 
females and increased oestradiol in males (all at 10 µg/L). 

Other fish studies 

The available dataset includes fish growth studies with three species. In a study with the 
Bluegill (Lepomis macrochirus) the NOEC was 59.5 µg/L based on mortality (Brooke et al., 
1993b). In a study with Brown Trout Salmo trutta the NOEC was > 100 µg/L based on 
growth (Shirdel et al. 2016) and with the Copper Redhorse (Moxostoma hubbsi) the NOEC 
was > 50 µg/L based on adult mortality (IUCLID, 2014). There is also a Level 3 FSTRA-
style study with the cyprinid Chinese Rare Minnow (Gobiocypris rarus) but without adverse 
population level effects at the highest test concentration of 20 µg/L (Zha et al., 2008). 
There were however testis-ova at 18.53 µg/L and induction of male plasma VTG at 
4.52 µg/L, which is similar to the results observed with other fish species. These are not 
OECD CF Level 4 or 5 studies. The high NOEC values (> 50 µg/L for population-relevant 
endpoints) confirms that they have low sensitivity compared with Level 4 and 5 fish 
studies, where the NOECs range from 0.64 – 31 µg/L. 

It is worth noting that there is a reliable 96 hour LC50 (exposure concentration lethal to half 
of the test animals) of 17 µg/L for 2 day old larvae of Winter Flounder (Pleuronectes 
americanus) (Lussier et al., 2000). This suggests very high sensitivity for a marine fish 
species. An estimate of long-term toxicity could be explored using an acute-to-chronic ratio 
approach using data for other species. However, a NOEC derived this way would not be 
positively associated with ED effects. It would add to the conservatism of the assessment, 
but there would be significant uncertainty about its relevance for this project. It has 
therefore not been considered further.  

3.1.2 Amphibians 

An Amphibian Metamorphosis Assay (AMA) with Xenopus laevis is available (Kamel et al., 
2022). This is a Level 3 study, most typically used for identifying endocrine activity via the 
thyroid, however it is the only amphibian study available for NP. There were no effects on 
thyroid mediated endpoints including thyroid histopathology. There was an increase in 
bodyweight at the highest test concentration of 48.2 µg/L at day 7 but as there was no 
effect at day 21, this is not considered population-relevant. At day 21 snout-vent length 
(SVL) was significantly increased by 11, 21, 23 and 21 % at 1.82, 5.17, 12.5 and 48.2 
µg/L. Increased SVL could be indicative of general toxicity and related to delayed 
development, however there was no corresponding effect on body weight or on 
development stage. An effect on SVL alone is not considered thyroid-mediated and the 
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population relevance of the effect is unclear. The relevant NOEC from this study is 
therefore either 0.91 µg/L (LOEC/2) or 48.2 µg/L. As this is a Level 3 study it was not used 
for PNEC derivation. 

3.1.3 Invertebrates 

The long-term studies on invertebrates exposed to NP are given in Table 46 of Appendix 
155. These are studies whose design would be expected to fall under Levels 4 or 5 of the 
OECD CF.  

There was one study with the nematode Caenorhabditis elegans (Höss et al., 2002) which 
was considered reliable and relevant according to ECHA (2014a). The endpoints from this 
study were increased growth at 65.6 µg/L and increased reproduction at 40.2 µg/L (the 
lowest concentration tested). ECHA (2014a) chose to use a NOEC of 40.2 µg/L, without 
explaining why this was acceptable, given that increased reproduction was observed at 
the lowest test concentration, and because the increase in reproduction/growth in this 
study does not appear to be adverse. A clear concentration response relationship is 
observed with increased reproduction and associated growth up to a plateau of about 
200 µg/L (i.e. the larger worms are showing enhanced reproduction). In ECHA (2014a) it is 
stated that the reason for the stimulating effects is not known. Recent attempts to 
standardise the C. elegans assay have found that the live food source (bacteria 
Escherichia coli at 109 cells/mL in the NP study) may affect the study result either through 
metabolism of the test substance or indirectly if the substance has antibiotic activity 
(Beydoun et al., 2021; van der Voet et al., 2021). NP concentrations were not maintained 
within ± 20% in the Höss et al. (2002) study (mean measured concentrations being 
65.6 - 80% of nominal over the 72 hour exposure period) and therefore it is plausible that 
the NP concentrations were reduced in the study due to bacteria utilising NP as a food 
source. Since it is not clear whether the observed effects on C. elegans are an adverse 
effect of the test item or are an artifact of the test design, the study is not considered 
suitable for PNEC derivation. 

There is one valid study with an insect reported in the ECHA (2014a) restriction dossier. 
The result was from a 56 day water exposure study with the midge (Chironomous tentans) 
with a NOEC of 42 µg/L based on mortality of the larvae (Kahl et al., 1997). No other 
studies with insects were identified. 

There were several studies with the water flea, Daphnia magna, which are summarised in 
the ECHA (2014) restriction dossier. These were Scholz et al. (1992), Brooke (1993a), 
Comber et al. (1993), Fliedner (1993), Baldwin et al. (1997), Kopf (1997), Sun and Gu 
(2005) and Brennan et al. (2006). Of these studies three results were considered valid and 
these generated NOECs of 3.45 µg/L (Fliedner, 1993), 24 µg/L (Comber et al., 1993) and 
116 µg/L (Brooke, 1993a), all based on reproduction. A fourth study was considered 
reliable but there was no effect on reproduction at the highest test concentration of 
100 µg/L (Scholz et al., 1992). The value used for the ECHA (2014a) SSD was a 
geometric mean of 59.5 µg/L using the results from Comber et al. (1993) and Brooke 
(1993a). Fliedner (1993) is not used for deriving a PNEC in the ECHA (2014a) restriction 
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dossier, presumably because they could not access the source data. However, according 
to ECHA (2012) this is a GLP study assessed as reliable without restriction (R1). Including 
this result in the present assessment means a geometric mean of 21.3 µg/L can be 
derived based on reduced reproduction from three D. magna reproduction studies 
(Fliedner (1993), Comber et al. (1993), Brooke (1993a)). 

Furthermore, a new multigeneration study with D. magna was identified as part of the 
updated literature search (Campos et al., 2016). This study covers four generations, the 
parental generation (F0) and three subsequent generations (F1, F2 and F3). The 
experimental design for each generation is based on OECD TG 211. There are some 
concerns regarding the reporting of this study with no information on the actual 
physicochemical parameters or measured test concentrations (reported as being within 
10% nominal), and no data are presented for reproductive endpoints (which were not 
affected by exposure). It was therefore not possible to confirm whether test validity criteria 
were met, except for survival which was 100% in the controls in each generation. The 
main affected endpoint was survival, which was reduced at 20 and 40 µg/L in the F0 and 
F3 generations, at 20 µg/L in the F2 generation (but not 40 µg/L) and at 40 µg/L only in the 
F1 generation. The NOEC based on survival was therefore 10 µg/L. There was a reduction 
(- 5.7%) in initial body length at 10 µg/L in the F3 generation only but as this effect was not 
evident in the final body length measurement it was not considered a population-relevant 
effect. The overall NOEC from this study was therefore 10 µg/L based on juvenile survival.  

The ECHA (2014a) restriction dossier considered that a NOEC of 88.7 µg/L based on 
effects on reproduction of Ceriodaphnia dubia in a study by England (1995) was reliable 
for PNEC derivation. A new study with Ceriodaphnia silvestrii was also identified in the 
published literature (Spadoto et al., 2018). This was an 8 day reproduction study according 
to the Brazilian National Standard (NBR 13373), with the test being repeated three times 
to obtain the result. The LOEC was 19 µg/L and NOEC was 15 µg/L based on number of 
offspring per female. 

There is a valid GLP study reported in the EU REACH registration dossier with the 
freshwater mollusc (Potamopyrgus antipodarum), conducted according to OECD TG 242, 
using semi-static exposure to 4-NP (IUCLID 2020). There was a significant concentration 
dependent decrease in reproduction (mean number of embryos per female) at 14.7, 24.7 
and 66.7 µg/L compared with the control after 28 days’ exposure. The NOEC from this 
study was 6.01 µg/L.  

A study investigating the effects of 4-NP on the growth of two freshwater bivalves (rainbow 
mussel, Villosa iris and fatmucket, Lampsilis siliquoidea) using a flow-through test is also 
available (Ivey et al., 2018). Growth (dry weight and biomass) was reduced at the highest 
test concentration for both species (nominal 200 µg/L). However, the measured test 
concentration at this level was 30 µg/L, and this discrepancy could not be explained.  

Three marine invertebrate studies were considered valid for use in an SSD according to 
ECHA (2014a). This included two studies with the mysid Americamysis bahia, one with a 
NOEC of 3.9 µg/L (based on growth) (Ward and Boeri, 1991b) and the second with a 
NOEC of 9.5 µg/L based on survival and reproduction (Kuhn et al., 2001). The value of 
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3.9 µg/L was used for the SSD by ECHA (2014a). There is also a valid NOEC of 20 µg/L 
from a reproduction study with the marine copepod Tisbe battagliai (Bechmann et al., 
1999).  

A study with another marine copepod (Tigriopus japonicas) reported a NOEC of 0.01 µg/L 
(nominal) based on nauplii development in the F1 generation (Marcial et al., 2003); 
however, there is wide spacing of the test concentrations, and no supporting chemical 
analysis. It has therefore not been considered further. 

3.2 PNEC derivation with consideration of ED 
endpoints 
In this section aquatic PNECs for NP have been derived using only data generated in 
OECD CF Level 4 and 5 studies with invertebrates and vertebrates.  

There were reliable and relevant data for 10 species, seven invertebrates (including two 
marine crustaceans) and three fish. Most of the results were from studies from Level 4 of 
the CF. These included FELS tests with two of the fish species. There were three results 
from Level 5 studies, only one of which was for fish – a MEOGRT with O. latipes 
(Watanabe et al., 2017). The other two were for invertebrates: a multigeneration test with 
D. magna (Campos et al., 2016), and a life cycle test with C. tentans (Kahl et al., 1997). 

3.2.1  Suitability of the dataset for derivation of a PNEC for an EDC and 
data gap analysis 

This section assesses the reliable and relevant dataset collated in the preceding sections 
against the SETAC Pellston Workshop® criteria for deriving a PNEC with an EDC 
(Matthiessen et al., 2017). 

1. Have the most appropriate taxa been tested (with relevant endpoints)? 

Based on the MoA as an ER agonist, vertebrates would be expected to be the most 
sensitive taxonomic group. There are reliable NOECs for three standard OECD test 
species of fish (O. latipes, On. mykiss and P. promelas), representing three different 
families. A fish (O. latipes) was the most sensitive species tested, based on the result from 
a MEOGRT that included multiple endocrine-relevant measurements (Watanabe et al., 
2017). However, the NOECs for the other two species (On. mykiss and P. promelas) were 
both from FELS tests which did not include relevant endocrine mediated endpoints. There 
are no marine fish species in the dataset, nor any species with alternative reproductive 
strategies (e.g. live bearers). 

Invertebrates were also sensitive to NP with reliable NOEC values between 3.9 and 
88.7 µg/L for seven species (Table 2). The NOEC of 3.9 µg/L for reproduction of A. bahia 
was the second most sensitive in the dataset. However, the apparent sensitivity may be 
because there are more invertebrates than fish in the dataset, and the available fish 
studies may not have measured the most sensitive endpoints. This is partly because 
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studies with other fish species did not meet the relevance criteria for inclusion in the 
assessment. 

2. Have sensitive life stages, or the entire life cycle, been tested (with relevant 
endpoints)? 

For fish there was one relevant and reliable NOEC from a Level 5 multigeneration study 
for use in PNEC derivation. A NOEC of 0.64 µg/L was derived from the MEOGRT with O. 
latipes and was the most sensitive result in the dataset. Effects were seen at the lowest 
concentration tested so the NOEC is an extrapolation, which introduces some uncertainty. 
Nevertheless, confidence that this result is protective for this species is high because 
results from four other Level 4 or 5 studies with the same species all had much higher 
NOECs (8.2 to 31 µg/L) (Yokota et al., 2001; Seki et al., 2003; Balch and Metcalfe, 2006; 
Horie et al., 2021). Experimental design may explain the difference between the sensitivity 
of O. latipes in the two Level 5 studies, because the MEOGRT has been optimised for 
increased control replication to increase the statistical power of the test for detecting 
changes. 

Where there are Level 5 studies of lower reliability, these can be used as supporting 
information for considering differing species sensitivities. A Level 5 study with On. mykiss 
using intermittent dosing indicates a LOEC of 1 µg/L based on mortality before the eyed 
egg stage in the F1 generation (10.1% at 1 µg/L compared with 1.7% in the control) 
(Schwaiger et al., 2002). The NOEC from a Level 4 FSDT-type study was ≥ 10.17 µg/L 
(Ackermann et al., 2002), whereas the NOEC from a Level 4 FELS study for this species 
was 6 µg/L (Spehar et al., 2010). It is therefore possible that a reliable Level 5 study may 
give a more sensitive result than the NOEC selected for this analysis. Similarly, 
multigeneration studies with a cyprinid species (D. rerio) suggest a NOEC in the region of 
2 µg/L (Sun et al., 2017; 2021), which is lower than the NOEC of 7.4 µg/L for another 
cyprinid species (P. promelas) from a Level 4 FELS study (Ward and Boeri, 1991a). 

The NOECs from three FSDT with O. latipes range from 11.6 to 31 µg/L, which are all 
higher than the NOECs from FELS tests with P. promelas and On. mykiss (of around 6 to 
7 µg/L). This is assumed to be a species difference since the FSDT study design would 
usually be expected to be more sensitive compared with the FELS test, due to the 
relatively (on a species basis) longer test duration and inclusion of additional endpoints, 
although the test duration of the On. mykiss FELS test and the O. latipes FSDT are 
similar. Nevertheless, each NOEC is explicitly linked to the test design and dose spacing 
used in individual experiments, which complicates comparisons.  

Taken together, the available data for fish imply that O. latipes might not be the most 
sensitive species if comparable Level 5 data were available for other commonly tested 
species. 

The dataset also includes multigeneration studies with invertebrates including D. magna 
(Campos et al., 2016), and a life cycle test with C. tentans (Kahl et al., 1997). It is rare to 
find substances which have multigeneration studies with both invertebrates and fish. 
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3. Have delayed and multigenerational (i.e. latent) effects been considered? 

Multigeneration tests such as the MEOGRT (Watanabe et al., 2017) should be sufficient to 
address any concern for delayed or latent effects of NP. There is minimal evidence for 
toxicity of NP increasing over multiple generations. In Watanabe et al. (2017) the F2 
hatching was less sensitive compared with the F1 fertility endpoint, and in the 
multigeneration test with Zebrafish, effects were similar across three generations (Sun et 
al., 2017; 2021). In the Daphnia multigeneration study the F0 generation was the most 
sensitive (Campos et al., 2016).   

4. Do NMDRs or other unusual temporal patterns of toxicity affect the ability to predict 
reliable no-adverse-effect levels? 

There was no convincing evidence for NMDRs in studies with NP based on either 
population-relevant or mechanistic endpoints. In the MEOGRT study there is some 
evidence for increased body weight of F1 adult male and female fish at higher test 
concentrations, but it is unclear if this is a chemical effect or a feature of the test design 
where a cohort of fish are selected for breeding (Watanabe et al., 2017, discussed in 
Appendix 179). The biomarkers for ER agonist activity (VTG, SSC, gonad phenotype and 
presence of testis-ova) all followed a clear concentration response pattern in this study. 

An inverted concentration response based on increased growth and reproduction was 
reported for the nematode C. elegans (Höss et al., 2002). Based on the discussion in 
Section 45, it is inferred that this effect could potentially be a consequence of feeding live 
bacteria which can utilise NP as a food source. For this reason, it is not considered to be 
either endocrine related or an adverse effect and therefore does not constitute an NMDR 
of concern. 

5. Does a threshold for adverse endocrine-mediated effects exist? 

Figure 1 shows the range of NOEC values for endocrine population-relevant (reproduction 
and sex ratio) and “biomarker” endpoints (VTG induction, gonad histopathology, SSC, 
steroid hormone levels and presence of testis-ova) from 27 reliable OECD CF Level 3, 4 
or 5 fish studies (note that most of these studies were not used for PNEC derivation, either 
because they did not meet relevance criteria, i.e. Level 3 studies were excluded, or 
because there was a more sensitive result with the same species). Most NOEC values fall 
between 1 and 100 µg/L regardless of study type. The lowest “biomarker” NOEC was 
0.4 µg/L based on testis histology in an extended FSTRA style study with P. promelas 
(Miles-Richardson et al., 1999). These data would appear to demonstrate a threshold level 
for endocrine effects in fish with NOECs being above 0.1 µg/L. 

For population-relevant endpoints the most sensitive effects (at approximately 1 µg/L) 
were from Level 5 fish tests (Schwaiger et al., 2002 (supporting information only), 
Watanabe et al., 2017). This supports the assumption that multigeneration studies are 
necessary to fully define an Environmental Threshold of No Concern (ETNC) for an 
oestrogenic substance. It should also be noted that true NOECs could not be obtained for 
either of these tests.  
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Figure 1 Range of NOEC values from all reliable OECD CF Level 3, 4 and 5 fish 
studies with NP. The blue line indicates the lowest population level NOEC of 0.64 
µg/L from a MEOGRT (Watanabe et al., 2017). 

Overall, the number of relevant and reliable studies with fish (representing the group of 
organisms which would be expected to have greatest sensitivity based on the ER MoA) for 
use in PNEC derivation is low, comprising NOECs from only three species. Only one of 
these studies included EAS-mediated endpoints (the Level 5 multigeneration study) with 
the others being from Level 4 FELS tests. For an ED-specific PNEC, based on concern for 
ER agonist activity, uncertainty could be reduced if data were available for more fish 
species, preferably from Level 5 multigeneration studies or a Level 4 test incorporating an 
endocrine mediated endpoint such as sex ratio (e.g. the FSDT) and for marine species 
and/or species with alternative reproduction strategies. Nevertheless, there are studies 
with endocrine biomarker endpoints as summarised in Table 2 which can be used as 
supporting information, including a Level 5 test with On. mykiss (Schwaiger et al., 2002). 
Furthermore, multigeneration studies with D. rerio (not used for PNEC derivation due to 
lack of supporting analytical data or reporting of validity criteria) do not report NOEC 
values < 1 µg/L (Sun et al., 2017; 2021). It is therefore considered that there are sufficient 
data for NP to satisfy the SETAC Pellston Workshop® criteria for vertebrates. 

3.2.2  Deterministic PNEC assessment for NP 

The reliable dataset for fish includes only one multigeneration fish study incorporating 
endocrine mediated endpoints covering the ER agonist MoA. This is also the most 
sensitive result in the reliable dataset by almost an order of magnitude. It is therefore 
recommended that a deterministic approach is used for deriving a PNEC for nonylphenol.  
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Using standard approaches the PNEC for NP is derived deterministically by applying an 
AF of 10 to the NOEC of 0.64 µg/L from a MEOGRT (Watanabe et al., 2017), as follows: 

NP deterministic PNEC = 0.64 /10 = 0.064 µg/L 

A case could be made for the application of additional AF based on the substance having 
a confirmed endocrine MoA. However, the endocrine mechanism is already accounted for 
because a multigeneration fish study is included in the dataset. The PNEC is also 
considered protective as it is below the lowest “biomarker” NOEC of 0.4 µg/L based on 
testis histology in an extended FSTRA style study with P. promelas (Miles-Richardson et 
al., 1999). 

Further discussion of the AFs is given in Section 78. 

3.2.3  Probabilistic assessment for NP 

As there are only three reliable NOECs for vertebrates it is not possible to conduct a 
probabilistic assessment with vertebrate data only. There is, however, enough data for a 
probabilistic assessment if the reliable and relevant OECD CF Level 4 and 5 invertebrate 
data are included. Whilst the effects are not necessarily associated with an ED MoA, 
invertebrates are relatively sensitive to NP (the NOEC of 3.9 µg/L for effects on growth of 
A. bahia being the second most sensitive result in the dataset). Their inclusion may 
therefore provide an additional layer of precaution. The total dataset of reliable values is 
comprised of 10 species (seven invertebrates and three fish) and summarised in Table 2. 

Table 2 Values selected for constructing an SSD for NP for this report  

Taxon Species Endpoint 
(NOEC) 

Value 
(µg/L) 

Value 
selected 
for SSD 

Reference 

Insects Chironomus 
tentans 

Larval mortality  42 42 Kahl et al., 
2002 

Gastropod 
molluscs 

Potamopyrgus 
antipodarum 

Reproduction 6.01 6.01 IUCLID, 
2020 

Crustaceans Ceriodaphnia 
dubia  

Reproduction  88.7  88.7 England, 
(1995) 

Ceriodaphnia 
silvestrii 

Reproduction 15 15 Spadoto et 
al., 2018 

Daphnia 
magna 

Survival 10 10 Campos et 
al., 2016 
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Taxon Species Endpoint 
(NOEC) 

Value 
(µg/L) 

Value 
selected 
for SSD 

Reference 

Reproduction1 24 Comber et 
al., 1993 

Reproduction1 3.45 Fliedner, 
1993 

Reproduction1 116 Brooke, 
1993a 

Americamysis 
bahia 

Growth 3.9 3.9 Ward and 
Boeri, 
1991b 

Reproduction 9.1 Kuhn et 
al., 2001 

Tisbe battagliai Mortality 20 20 Bechmann 
et al., 1999 

Fish Oryzias latipes F0 post swim up 
mortality (sex ratio 
and fertility) 

8.2 0.64 Yokota et 
al., 2001 

Sex reversal 31 Horie et 
al., 2021 

Growth 11.6 Seki et al., 
2003 

Fertility 0.64 Watanabe 
et al., 2017 

Pimephales 
promelas  

Survival 7.4 7.4 Ward and 
Boeri, 
1991a 

Oncorhynchus 
mykiss  

Growth 6 6 Spehar et 
al., 2010 



36 of 257 

1 Geometric mean of three Daphnia reproduction studies is 21.3 µg/L 

SSDs for NP were generated using the log normal method based on ETX version 2.3 or 
the weighted average method using ssdtools.  

The SSDs for the reliable and relevant NP dataset derived using ssdtools are shown in 
Figure 2. The following models showed the best fits to the data: the gamma distribution, 
the log logistic distribution (llogis), the lgumbel model, the log normal model (lnorm) and 
the Weibull model.   

 

 

Figure 2 SSDs models from ssdtools for deriving an aquatic HC5 for NP 

The HC5 values derived using the different distributions and using the ETX software are 
given in Table 3.  
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Table 3 HC5 values derived using the different distribution models 

Distribution HC5 
(µg/L) 

Confidence 
Intervals 
(µg/L) 

Anderson-
Darling 
statistic 

AICc1 Weight Software 

Log normal 
0.97 

0.19 – 2.45 Accepted - - ETX v. 
2.3 

Average 0.953 0.245 – 4.61 - - - ssdtools 
v. 1.0.2 

Gamma 0.591 0.0417 – 5.33 0.365 -4.39 0.181 

Lgumbel 0.82 0.521-3.5 0.494 -2.68 0.077 

Llogis 1.23 0.322 – 4.61 0.198 -5.24 0.277 

lnorm2 1.17 0.376 – 4.82 0.242 -5.13 0.262 

Weibull 0.552 0.0875 – 4.64 0.309 -4.63 0.204 
1 Akaike’s Information Criterion corrected for sample size (AICc) 
2 Note that a small differences in model results (less than a factor of 2) for different 
estimation packages is expected due to different estimation strategies (Fox et al., 2021)  

Using ssdtools it is possible to demonstrate how the different distributions, all of which 
have an acceptable fit to the dataset, lead to HC5 values between 0.552 and 1.23 µg/L. 
Using the model average estimate recommended by Fox et al. (2021) the HC5 is 
0.953 µg/L.  

For NP, this HC5 value would not appear to be protective for effects in fish since it has an 
oestrogenic MoA and available data from fish multigeneration tests suggest adverse 
effects can occur below 1 µg/L. The available dataset is based on studies with 
invertebrates which are potentially less sensitive to NP, or from fish studies which do not 
include sufficient endocrine sensitive endpoints. Multigeneration fish studies are not well 
represented. The probabilistic approach is therefore not appropriate for NP, and potentially 
for many other endocrine active substances, since it is not practical or ethically justified to 
conduct multiple multigeneration fish studies for a single substance risk assessment. 

3.2.4  Comparisons with other NP PNECs 

PNECs for NP derived in other assessments are given in Table 4 and compared with the 
deterministic PNEC of 0.064 µg/L derived in Section 33 of the present report. The PNEC 
of 0.42 µg/L from ECHA (2014a) is based on a probabilistic HC5 of 2.12 µg/L with an AF of 
5 applied. The standard approach outlined in ECHA (2008) was used to derive the SSD 
which includes both algae and invertebrates and also pre-dates the MEOGRT study 
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(Watanabe et al., 2017). The ECHA (2014a) assessment therefore does not account for 
the endocrine MoA of NP and would not necessarily be protective for fish. An additional 
AF of 5 was applied to the initial PNEC of 0.42 µg/L to account for this uncertainty. 

Table 4 Comparison of PNECs derived for NP 

Type of PNEC PNEC (µg/L) AF Reference 

Deterministic1  0.064 10 This report 

SSD (non-fish) 0.42 5 ECHA, 2014 

SSD (fish)2 0.08 5 ECHA, 2014 

SSD 0.0365 5 EC, 2022 
1 Dataset includes a multigeneration study with fish incorporating endocrine relevant 
endpoints 
2 ECHA proposed an additional AF of 5 to be applied to the initially derived probabilistic 
PNEC of 0.42 µg/L to be protective of fish however they did not provide an opinion on 
whether the PNEC would be protective for the ED properties. 

More recently, the EU derived a probabilistic PNEC of 0.037 µg/L for NP for use as an 
EQS (EC, 2022), generally following the relevant technical guidance (EC, 2018). The EQS 
has been approved by the EC Scientific Committee on Health and Environmental Risks 
(SCHEER, 2022). The EQS is lower than the PNEC derived in the present assessment 
following a deterministic approach. For EQS derivation a probabilistic approach was used, 
including only data for invertebrates and vertebrates (similar to the approach described in 
Section 34). However, the dataset was more extensive compared with the present 
assessment, with NOEC values being used from studies without supporting analytical 
verification (see Table 5). Use of the NOECs of ≤ 1 µg/L (nominal) from the studies with 
Gambusia holbrooki (Drèze et al., 2000) and C. dubia (Isidori et al., 2006) serve to lower 
the EU EQS, compared to the PNEC derived in the present assessment. These studies 
both have significant methodological issues (aside from lack of supporting analytical 
verification) that preclude their use in probabilistic risk assessment. The study with G. 
holbrooki did not show a clear concentration response including for endocrine endpoints 
for sex ratio and gonad histopathology where data from the mid-nominal test concentration 
(5 µg/L) was pooled with data from the control to assess effects at the other test 
concentrations (0.5 and 50 µg/L nominal). There are reliable data for C. dubia reproduction 
based on a regulatory style study used in the present assessment (England, 1995), rather 
than the Isidori et al. (2006) study which used cladocerans obtained from MicroBioTests™ 
rather than continuous laboratory culture. In addition, the inclusion of a low sensitivity 
NOEC for Mytilus edulis based on a 72-hour exposure duration (Gramno et al., 1989) may 
have impacted the slope of the SSD curve leading to a lower HC5 value. 
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Table 5 Data included for the NP EQS assessment (EC, 2022) but not ECHA (2014)  

Species NOEC (µg/L) Analytical 
verification 

Reference 

Gambusia holbrooki 0.5 N Drèze et al., 2000 

Gobiocypris rarus 10 N Zha et al., 2007 

Rana nigromaculata 20 N Yang et al., 2005 

Mytilus edulis 200 N Gramno et al., 1989 

Ceriodaphnia dubia 1 N Isidori et al., 2006 

The dataset used for EU EQS derivation does not include any data post-2015. This means 
that it does not include the multigeneration study with D. magna (Campos et al., 2016), the 
mollusc reproduction study with P. antipodarum (IUCLID, 2020) or more notably the FSDT 
(Horie et al., 2021) and MEOGRT (Watanabe et al., 2017) with O. latipes. Therefore, while 
the deterministic PNEC of 0.064 µg/L from the present assessment is in the same order of 
magnitude as the EU EQS value of 0.037 µg/L, the dataset on which it is based contains 
higher quality and more relevant data. 

The HC5 outcomes from SSDs depend both on the fitted distribution and the data chosen 
for inclusion in the SSD. These discrepancies were the topic of a European Centre for 
Ecotoxicology and Toxicology of Chemicals (ECETOC) workshop (ECETOC, 2014). 
Recent developments suggest the emergence of two alternative approaches to deriving 
probabilistic SSDs which are discussed in Fox et al. (2021). The first broadly follows the 
approach taken for NP in the present assessment focusing on the use of relevant (e.g. 
sensitive species and endpoints) and reliable data. A problem with this approach is that 
the dataset is often limited, and the SSD is therefore based on a small dataset. This has 
led to a focus on the how to best use mathematical models for SSD curve fitting and for 
deriving reliable HC5 values, for example by using the weighted average approach (Fox et 
al., 2021).  

Posthuma et al. (2019), however, argue that the application of strict data criteria excludes 
NOEC values leading to SSDs which are less statistically robust due to small datasets. 
They suggest an approach which includes all available data in the SSD with specific 
investigation only where data points appear to be implausible. A quality score is applied to 
the SSD considering the following aspects: derivation of the SSD slope, taxa 
representation, data origin and whether data bridging was used to derive the SSD. Even 
using this approach, which does not discount use of quantitative structure-activity 
relationship (QSAR) or read across data, priority is given to NOEC values based on 
measured concentrations of the test substance. The lack of data quality checks has 
allowed SSDs to be derived for thousands of chemicals (Posthuma et al., 2019). 
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Nevertheless, these SSDs have not been rigorously assessed for plausibility and therefore 
are only suitable as a screening level assessment. There is already recognition that these 
SSDs can be refined, for example by focusing on sensitive taxonomic groups (Oginah et 
al., 2023).  

3.3 Summary and conclusion 
The dataset of relevant and reliable OECD CF Level 4 and 5 studies for use in deriving an 
aquatic PNEC for NP has been updated. The most sensitive result in the updated dataset 
is the NOEC (derived from the LOEC/2) of 0.64 µg/L based on reduced fecundity and 
fertility in a MEOGRT study (Watanabe et al., 2017).  

The appropriateness of this dataset to derive a threshold level for an EDC has been 
evaluated against the SETAC Pellston Workshop® criteria. While the dataset contains 
multigeneration studies with both fish and invertebrates covering sensitive life stages, 
there was only a single reliable NOEC from a Level 5 fish study for NP. The other two 
NOECs for fish were from Level 4 FELS studies, and these species might be expected to 
be more sensitive to NP in longer studies which include endpoints for either reproduction 
and or sex ratio. Nevertheless, the available data (including supporting multigeneration 
fish studies) do not flag significant concern for NMDR, or delayed effects, and so there is 
no specific reason why an ETNC cannot be derived for NP. The key biomarkers for ER 
agonist activity (VTG induction, SSC, gonad histopathology) typically followed a 
concentration response with the lowest NOEC for these endpoints being 0.4 µg/L.  

A probabilistic approach to deriving a PNEC for NP was considered inappropriate because 
the HC5 value of 0.953 µg/L, which included NOECs from three species of fish and seven 
invertebrate species, was not protective for effects in the MEOGRT. It is therefore 
assumed that an SSD relevant for the ED properties would need to include more (or 
exclusively) data from multigeneration fish studies. This is not practically or ethically 
justified and therefore a deterministic PNEC of 0.064 µg/L was derived by applying a 
default AF of 10 to the lowest NOEC value of 0.64 µg/L, following standard risk 
assessment approaches. An AF of 10 is justified because the dataset includes 
multigeneration fish studies and because the result would also be protective for 
“biomarker” responses which are usually expected to occur at test concentrations lower 
than population-relevant effects. 

As this project is concerned with defining sufficient datasets for PNECs for EDCs, the 
suitability of the AF of 10 is reconsidered based on the available datasets for other EDCs 
in Section 77, after an evaluation of the datasets for OP and EE2.  
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4 PNEC derivation: Octylphenol 

4.1 Long-term aquatic toxicity data 
A regulatory assessment undertaken by ECHA (2011), conducted to assess whether OP 
should be identified as a Substance of Very High Concern (SVHC), was used as the basis 
for this assessment. Studies considered valid as part of ECHA (2011) were generally 
accepted as appropriate for PNEC derivation. However, since the purpose of the ECHA 
(2011) assessment was not to derive a PNEC, there has been a re-evaluation of the 
reliability of some of the studies where they may impact the outcome of the present 
assessment (i.e. those which might result in the lowest NOEC for a particular species). 
Some of the relevant studies are also discussed in EA (2005). Studies published in the 
scientific literature since the previous assessment have also been included. Detailed 
information on the substance identity and physicochemical properties of OP is given in 
Appendix 149. 

4.1.1 Fish 

The OECD CF Level 4 and 5 fish studies which include endpoints suitable for PNEC 
derivation are summarised in Table 49 and Table 50 of Appendix E, respectively. Level 3 
fish and amphibian studies are summarised in Table 48 of Appendix E. There are 
reproduction screening assays with nine different fish species, typically with VTG as the 
main endpoint. The LOECs for VTG effects occur in the range 10 to 269 µg/L. Effects on 
other endpoints, including reproduction and gonad histopathology, occur within the same 
range. Mechanistic endpoints are only used as supporting information.  

Adrianichthyidae (Oryzias latipes) 

There are six FSDTs with O. latipes, including three conducted as part of the ring test 
validation work for OECD TG 234 (Seki et al., 2003; Gray et al., 1999a; Gray et al., 1999b; 
OECD, 2012). Sex ratio was affected at 12.1 to > 50 µg/L, VTG at 11.4 to 104.7 µg/L and 
testis ova induction at 23.7 to > 100 µg/L. Sex ratio (increased number of females) was the 
most sensitive population-relevant endpoint. The lowest valid NOECs for sex ratio are 
23.5 µg/L (OECD, 2012; Lab 9) and 23.7 µg/L (Seki et al., 2003), The geometric mean 
value for sex ratio from these two studies is 23.6 µg/L. However, there is also a LOEC of 
12.1 µg/L (unbounded result) from a reliable study (OECD, 2012; Lab 5). 

There are four OECD CF Level 5 fish tests with OP. Two of these studies are from fish life 
cycle toxicity tests (FLCTT) (which exposed fish from embryos and these are summarised 
in ECHA (2011). One of these studies (Ministry of the Environment of Japan, 2002) 
reporting a NOEC of 30.4 µg/L, based on reduced fertility and fecundity, is from a 
secondary source and therefore limited details are available. The second study, which was 
considered reliable according to ECHA (2011), reported significant effects on offspring 
mortality, and altered sex ratio at the lowest test concentration of 2 µg/L (unbounded 
result) although these effects did not follow a clear concentration response (Knörr and 

http://en.wikipedia.org/wiki/Ricefish
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Braunbeck, 2002). A re-assessment of the reliability of this study indicates that it is not 
suitable for PNEC derivation due to the low-test replication and other uncertainties in the 
test design and statistical analysis. The experimental design of these two studies differs 
from the MEOGRT which is initiated with mating pairs of fish and includes more control 
replicates to improve the statistical robustness. 

OP was one of the test substances included in the validation of the OECD 240 test 
guideline for the MEOGRT. Two MEOGRT studies were conducted, one by the United 
States Environmental Protection Agency (US EPA) and one by Japan’s National Institute 
for Environmental Studies (NIES), and both are summarised by Flynn et al. (2017). The 
study conducted at the US EPA is considered reliable with restriction (R2), although it 
would not meet the control performance criteria for the published OECD 240 test guideline 
for fecundity in the F1 and F2 generations (17.4 and 19.5 eggs/pair/day respectively 
compared with recommended ≥ 20 eggs/pair/day) and fertility (78%, which is less than the 
required 80%) in the F2 generation. Overall reproduction rates (i.e. combined mean 
fecundity and percent fertility for the F0, F1 and F2 generations would meet MEOGRT test 
guideline requirements). 

The study conducted at NIES did not have analytical verification and therefore has been 
used in the present assessment as supporting information only. In addition, the LOEC 
values reported in a summary table in the paper were difficult to cross check with the more 
detailed summary of data included as supplementary information, because statistically 
significant differences between the control and treatments were not reported in the 
supplementary information data summary. This study would have met the test validity 
criteria for fecundity and fertility in both the F1 and F2 generations (F0 data not 
considered).  

The most sensitive endpoint in the US EPA study according to the summary table in Flynn 
et al. (2017) is a LOEC of 12.5 µg/L based on a 10% increase in length. Fertility was also 
significantly reduced at 51.1 µg/L in the F2 generation, while hatching success was 
significantly reduced at 102 µg/L. Since increased body size could be related to the ER 
agonist MoA the population-relevant NOEC from the US EPA study was therefore 6.2 µg/L 
based on increased body length.  

There was an effect on hatching at nominal 25 µg/L in the NIES study, although this did 
not follow a clear concentration response, and a significant increase in body weight was 
observed at 25 µg/L (NOEC = nominal 12.5 µg/L). The LOEC for SSC (number of anal fin 
papillae) and VTG induction (based on both studies) was 6.25 µg/L in the NIES study. The 
lowest NOEC from the NIES MEOGRT was 12.5 µg/L (nominal), from the US EPA 
MEOGRT was 6.2 µg/L (Flynn et al., 2017), whereas the NOEC from the Ministry of the 
Environment of Japan (2002) FLCTT was 30.4 µg/L. The most sensitive (and 
precautionary) population-relevant endpoint from a reliable Level 5 study with OP and O. 
latipes was the NOEC of 6.2 µg/L based increased body length in the US EPA study 
(Flynn et al., 2017). 
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Cyprinidae (Danio rerio) 

There are results for D. rerio from three FSDT (OECD, 2012) and one FLCTT (Wenzel et 
al., 2001). The three FSDT were conducted as part of the OECD validation of the test 
method (OECD, 2012). All three studies showed a consistent effect with VTG being 
induced in the range 26 – 42.5 µg/L and a sex ratio shift to females at 13.8 - 26 µg/L. The 
NOECs for sex ratio from these three studies were 5.7, 9.5 and < 13.8 µg/L. Using a 
geometric mean value (excluding the unbounded result) gives a NOEC of 7.4 µg/L. The 
FLCTT (Wenzel et al., 2001) is a reliable test according to ECHA (2011). There were 
effects on growth and reproduction (eggs per female, time to first spawn and percent 
fertilisation capacity) of the F0 fish exposed from embryos at 35 µg/L, although there were 
no effects on sex ratio of the F0 fish, or on survival, hatching or growth of F1 embryos. The 
NOEC from this study was 12 µg/L.  

Stickleback / Gasterosteidae (Gasterostreus aculeatus) 

Two FSDT studies with the stickleback, Gasterostreus aculeatus were conducted as part 
of the OECD TG validation (OECD, 2012). The test outcomes were based on mean 
measured concentrations because test solutions were not maintained within ± 20% 
nominal. Neither study met the current guideline criteria for hatching success of ≥ 80%. 
The most sensitive endpoint from these two studies was reduced hatching success at 
66.9 µg/L from the test conducted by laboratory 6. Since hatching in both the control and 
solvent control in this study was close to the guideline criterion (77%) and post hatch 
survival was good (90 and 91%, respectively) the NOEC of 22.2 µg/L from this study is 
considered reliable for use in PNEC derivation. 

Salmonids / Salmonidae (Oncorhynchus mykiss) 

There were two studies with On. mykiss. A FELS test indicated a LOEC of 11 µg/L based 
on larval growth. This was a GLP study according to standardised guidelines that had 
previously been cited on IUCLID (EA, 2005; ECHA, 2011). However, this is from a 
secondary source, and it is not possible to check the details (i.e. it is not summarised on 
the ECHA portal, checked on the 20/12/2022). The NOEC from this study is 6.1 µg/L. In a 
second study, without supporting chemistry, an effect on growth at the lowest test 
concentration of nominal 1 µg/L did not follow a concentration response (Ashfield et al., 
1998). Following the relevance criteria in Section 15 this result is not considered suitable 
for PNEC derivation. 

Other fish species 

A reliability assessment undertaken as part of the current project for a study initiated with 
pregnant female eelpout, Zoarces viviparus (Rasmussen et al., 2002), concluded that it 
was not reliable for use in PNEC derivation, because the fish were wild caught with 
minimal acclimation (seven days) and were not fed during the 35 day exposure. There was 
a reduction in embryo growth at the lowest test concentration of 14 µg/L. Two studies with 
the guppy, Poecilia reticulata, (Kinnberg et al., 2003; Toft and Baatrup, 2003) are only 
relevant as supporting information due to issues with the test design: in the Kinnberg et al. 
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(2003) study there was only a single test concentration, while the study by Toft and 
Baatrup (2003) reported results based on two separate experiments combined for analysis 
without reporting the effects from each individual study. Gonad histopathology was 
affected in the guppy at 26 µg/L in Kinnberg et al. (2003), whereas reduced body 
colouration was observed at 200 µg/L in Toft and Baatrup (2003). 

4.1.2 Amphibians 

For amphibians the available OP dataset comprises Level 3 screening studies with five 
species (Table 38). These are mainly development studies which are usually used to 
investigate mechanistic effects via the thyroid. There is one short term reproduction study 
with the Chinese brown frog, Rana chensinensis (Li et al. 2021). These studies were 
assessed for relevance of an alternative MoA via the thyroid but are not relevant for PNEC 
derivation because they are Level 3 mechanistic studies. 

There is some limited evidence for effects via the thyroid in studies with Xenopus laevis. In 
a valid AMA, Kamel et al. (2022) reported accelerated development at 39.8 µg/L and 
significantly increased hind limb length (HLL) and normalised HLL at all test 
concentrations (≥ 5.43 µg/L), but with no effect on thyroid histopathology. The HLL effects 
did not follow a clear concentration response. In addition, for normalised HLL all 
developmental stages were grouped, rather than separating Nieuwkoop and Faber (NF) 
stage < 60 and NF stage > 60, which could have impacted the result. There was no effect 
on thyroid histopathology. 

In a similar study with the streamside salamander (Ambystoma barbouri) (Rohr et al., 
2003) an effect on SVL and hatching was only observed at the highest test concentration 
of 500 µg/L which also caused systemic toxicity in the form of reduced survival. Two 
studies investigating tadpole development of the Northern leopard frog (Rana pipiens) or 
the wood frog (Rana sylvatica) over 10 days or two weeks found no decrease in body 
weight at nominal concentrations > 200 µg/L (Crump et al., 2002, Hogan et al. 2006). In 
one exposure with R. pipiens, growth stimulation was observed at the lowest test 
concentration of 50 µg/L, when exposed from Gosner stage 36 but not Gosner stage 26 
(Hogan et al., 2006). The biological and population relevance of the increased growth is 
unclear.  

There is an OECD CF Level 3 short term reproduction style study with the Chinese brown 
frog (Rana chensinensis) with male only exposure (Li et al., 2021). There was reduced 
spawning and hatching at the highest test concentration of 206 µg/L (nominal).  

The possible thyroid activity observed in the AMA study (Kamel et al., 2022) are not 
repeated in valid Level 4 larval amphibian growth and development assay (LAGDA) with 
X. laevis conducted as part of US EPA test guideline validation (Haselman et al., 2015; 
ABC labs, 2012; US EPA, 2013). These studies are summarised in Table 49. There were 
no effects of OP on apical endpoints for growth, development, or sex reversal at the 
highest test concentrations of 54.2 µg/L (Haselman et al., 2015) or 38 µg/L (ABC Labs, 
2012). In the study by Haselman et al. (2015), there was reduced serum thyroxine and 
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minor histopathological alterations of the thyroid in the form of increased incidence and 
severity of thyroid follicular cell hypertrophy at 25 and 54.2 µg/L, and increased incidence 
of moderate thyroid follicular cell hyperplasia at 54.2 µg/L. However, effects on gonad 
histopathology were much more sensitive (NOEC < 6.3 µg/L) suggesting that ER agonist 
activity is the more relevant endocrine effect. However, histopathological endpoints are 
generally unsuitable for use in PNEC derivation because the changes are difficult to 
qualify in terms of severity and direct link to a population-relevant outcome. In the second 
LAGDA, there were no effects on plasma VTG or thyroxine at 38 µg/L. The study report 
did not include effects on organ histopathology (ABC labs, 2012). The LAGDA validation 
(US EPA, 2013) included a third study with OP but there is insufficient reporting of data to 
assess the quality of the study, however the results from all three tests are similar with no 
adverse effects on growth or development.  

There is also a result for OP in a 151 day LAGDA style study with X. tropicalis (Porter et 
al., 2011). In this study there were also no effects on growth, development, or the 
phenotypic sex ratio up to the highest test concentration of 36 µg/L. Sex ratio based on 
gross examination of the gonad tissue indicated significantly more females at 11 µg/L 

compared with the control, however the biological relevance of this observation is unclear 
because it did not follow a concentration response (no effect at 36 µg/L). Mechanistic 
endpoints for ER agonist activity (VTG induction and for oviduct development in males) 
were affected at 36 µg/L. 

There is evidence for ER agonist activity with induction of VTG observed in the three 
LAGDA studies from 6.3 – 54.2 µg/L, and effects on the gonads and oviducts within the 
same range (OECD, 2013). Evidence for thyroid activity in amphibians is weak; reduced 
serum thyroxine and minor histopathological alterations of the thyroid at ≥ 25 µg/L in one 
of three LAGDA (Haselman et al., 2015) and accelerated development in an AMA at 
39.8 µg/L but without histological correlate (Kamel et al., 2022).  

It is difficult to determine the valid NOEC values for amphibians, due to the lack of 
population-relevant effects on growth and reproduction at the highest test concentrations 
in the relevant OECD CF Level 4 studies, which were a NOEC > 38 µg/L for X. laevis or > 
36 µg/L for X. tropicalis. These studies did not, however include a reproductive phase 
which may have resulted in an effect at a lower test concentration based on the 
mechanistic evidence for ER agonist activity. Usually, the result from a Level 3 study 
would not be used for PNEC derivation but the result from the AMA is considered valid for 
use because there were four test concentrations, acceptable spacing between the test 
concentrations, and the test concentration range was higher than in the LAGDA style 
studies (up to measured 103 µg/L). Significantly increased development rate at 39.8 and 
103 µg/L was concentration dependent and considered to be population-relevant. The 
NOEC from this study was 13.5 µg/L. 

4.1.3 Invertebrates 

The available data for invertebrates are given in Table 51. There were two reproduction 
studies with Daphnia magna with supporting analytical chemistry and following a test 
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design similar to OECD TG 211 (IUCLID, 2000; Hüls, 1992). The studies are both from 
secondary sources: The IUCLID (2000) study is cited as reliable in EA (2005), while the 
Hüls (1992) study is considered reliable according to the ECHA registration dossier. The 
studies both report inhibition of reproduction, with LOECs of 120 µg/L (IUCLID, 2000), and 
100 µg/L (Hüls, 1992), and NOECs of 62 and 30 µg/L, respectively.  

There were also reliable studies with the mollusc Potampyrgus antipodarum. Six studies 
were conducted to assess the potential for OP to be used as a validation substance for 
stimulation of reproduction (UBA, 2017). The measured concentrations were similar 
between studies and therefore the arithmetic mean of the six studies is used for reporting 
of the data. Stimulation in reproduction was observed in three of six studies with a LOEC 
of 1.7 µg/L and a NOEC of 0.5 µg/L. Stimulation of reproduction was not generally 
observed at the higher test concentrations of 21 and 72 µg/L (in one of the six studies 
only). Inhibition of reproduction was observed in two of six studies at the highest test 
concentration of 72 µg/L with a NOEC of 21 µg/L. In studies where reproduction was 
higher (typically during summer months) it was not possible to detect stimulation in 
reproduction. It is not possible to attribute a stimulation in reproduction to an endocrine 
MoA (see Crane et al., 2022) or even a toxicological mechanism (stimulation in 
reproduction may be a secondary effect due to the test item causing microbial growth and 
increasing food availability). The effect however has been reported in other studies with 
OP (Jobling et al., 2003) although this study was assessed as not reliable according to 
ECHA (2011). The overall conclusion in the UBA report was that OP was not suitable for 
use as a validation substance for stimulation of reproduction, and the OECD 
Potamopyrgus antipodarum Reproduction Test was not validated for effects via stimulation 
of reproduction (OECD, 2016). Stimulation of reproduction is not considered a population-
relevant endpoint in the absence of other information to indicate adversity (e.g. smaller 
offspring, or reduced survival of parents or offspring). A NOEC of 21 µg/L based on 
inhibition of reproduction is proposed for use in the present assessment. This is 
considered worst case as the effect was only observed in two of the six studies. 

The only other long-term study with invertebrates which was considered reliable according 
to ECHA (2011) is a reproduction study with the marine copepod Tigriopus japonicas 
(Marcial et al., 2003), however this study did not include analytical verification of the test 
solutions and therefore is not considered relevant for use in the present assessment.  

4.2 PNEC derivation with consideration of ED 
endpoints 
In this section aquatic PNECs for OP have been derived using reliable and relevant data in 
OECD CF Level 4 and 5 studies undertaken with invertebrates and fish, and a Level 3 
study with an amphibian. The result from a Level 3 amphibian metamorphosis assay 
(AMA) was included because the test design includes sensitive juvenile life stages. 

The dataset for OP covers eight species (two invertebrates, four fish and two amphibians) 
with more reliable data for vertebrate species compared with NP.   
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4.2.1  Suitability of the dataset for derivation of a PNEC for an EDC and 
data gap analysis 

The reliable and relevant dataset has been assessed against the SETAC Pellston 
Workshop® criteria for deriving a PNEC with an EDC (Matthiessen et al., 2017). 

1. Have the most appropriate taxa been tested (with relevant endpoints)? 

Based on the MoA as an ER agonist, vertebrates would be expected to be the most 
sensitive species to OP. There are six vertebrate species included in the dataset, four fish 
and two amphibians. The fish are all standard OECD test guideline species but represent 
different families. There are no marine species or species with alternative reproductive 
strategies (e.g. live bearers). Two of the vertebrate species are amphibians which were 
both less sensitive compared with fish (although all vertebrate NOECs were within a factor 
of 6). This is probably because the amphibian tests focus on developmental effects via the 
thyroid rather than reproductive endpoints which are more relevant for effects via EAS 
modalities. The LAGDA studies do however cover development and sex ratio and 
therefore could be considered equivalent to the FSDT. There are no validated studies 
covering reproductive or multigeneration effects in amphibians. 

Nevertheless, the availability of reliable and relevant data from six valid OECD CF Level 4 
or 5 vertebrate studies is considered to be a relatively robust dataset for PNEC derivation 
given the focus on long-term vertebrate testing. 

2. Have sensitive life stages, or the entire life cycle, been tested (with relevant 
endpoints)? 

There are relevant and reliable Level 4 FSDTs with three fish species (OECD, 2012). The 
FSDT has an endpoint for effects on sex ratio, with an increase in the number of females 
being diagnostic for ER agonist activity. A shift in sex ratio towards females was observed 
for D. rerio, O. latipes and G. aculeatus. There were also reliable and relevant Level 5 
studies with two fish species (D. rerio, and O. latipes), studies which include endpoints for 
development and reproduction (Wenzel et al., 2001; Ministry of the Environment of Japan, 
2002; Flynn et al., 2017). 

The most sensitive result in the dataset was a NOEC of 6.1 µg/L from a Level 4 FELS test 
with On. mykiss. There is therefore a possible concern that the result from a Level 5 test 
with this species may result in a lower NOEC. 

In addition, there are two Level 4 LAGDA style studies with two amphibian species (Porter 
et al., 2011; US EPA, 2013) which also cover relevant developmental endpoints. 

3. Have delayed and multigenerational (i.e. latent) effects been considered? 

For OP, the results from FSDT studies with D. rerio were more sensitive for identifying 
adverse effects (increase in females), compared to a life cycle test which measured effects 
in an F1 generation. Equally the LOEC for sex ratio for O. latipes in an FSDT was more 
sensitive than the effects reported in a MEOGRT or FLCTT with this species, although the 
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statistical power in the MEOGRT test design to detect small changes in sex ratio may be 
lower (OECD, 2015). Nevertheless, there is no suggestion that toxicity to OP increases over 
multiple generations. 

4. Do NMDRs or other unusual temporal patterns of toxicity affect the ability to predict 
reliable no-adverse-effect levels? 

For OP there is no convincing evidence for an NMDR relationship for the key indicators for 
endocrine activity (e.g. VTG induction, presence or testis-ova, SSC or gonad 
histopathology) or effects on EAS mediated endpoints (sex ratio).  

An increase in body length was observed in a reliable MEOGRT (US EPA) with OP with a 
NOEC of 6.2 µg/L (Flynn et al., 2017), and an increase in body weight in the second 
MEOGRT (NIES) based on a nominal NOEC of 12.5 µg/L. It cannot be ruled out that these 
effects may be related to the endocrine mechanism (e.g. related to feminisation) and 
therefore they were considered relevant. However, these effects were accounted for 
alongside more traditional endpoints for adversity (i.e. reduced growth) and were generally 
not the most sensitive endpoint. 

NMDR have also been observed in some studies with molluscs, most notably with P. 
antipodarum (Jobling et al., 2003; UBA, 2017). The mechanistic basis for this effect is 
unknown as there is a lack of functional role for steroid hormones in invertebrates (Crane et 
al., 2022). It is also not known whether the effect is adverse or potentially a secondary 
response to stimulation of microbial growth and an increase in food availability. 
Nevertheless, a NOEC of 0.5 µg/L for a stimulation in reproduction in molluscs (UBA, 2017) 
is lower compared with oestrogenic effects in fish and therefore is considered as supporting 
information. 

5. Does a threshold for adverse endocrine-mediated effects exist? 

Figure 3 shows the range of NOEC values for endocrine population-relevant (reproduction, 
hatching and sex ratio) and “biomarker” endpoints (VTG induction, gonad histopathology, 
SSC, and presence of testis-ova) from 25 reliable OECD CF Level 3, 4 or 5 fish studies 
(note that most of these studies were not used for PNEC derivation, either because they did 
not meet relevance criteria, i.e. Level 3 fish studies were excluded, or because there were 
multiple studies with the same species). All NOEC values fall between 1 and 100 µg/L 
regardless of study type. The lowest “biomarker” NOEC was 1 µg/L based on male VTG 
induction in a FSTRA style study with On. mykiss (Routledge et al., 1998). These data would 
appear to demonstrate a threshold level for endocrine effects in fish (as the most sensitive 
taxonomic group) with NOECs being above 1 µg/L. 
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Figure 3 Range of NOEC values from all reliable OECD CF Level 3, 4 and 5 fish 
studies with OP. The blue line indicates the lowest population level NOEC of 6.1 
µg/L from a FELS study for On. mykiss (ABC labs, 1984, cited in EA, 2005 and 
ECHA, 2011). 

The most sensitive population-relevant NOEC for OP is 6.1 µg/L for growth of On. mykiss 
(ABC labs, 1984, cited in EA, 2005; ECHA, 2011)). The repeatability of the response of fish 
to OP has been demonstrated in validation studies for the FSTRA (US EPA, 2007), FSDT 
(OECD, 2012), LAGDA (US EPA, 2013), and MEOGRT (Flynn et al., 2017).  

Overall, the dataset for OP is considered to satisfy the SETAC Pellston Workshop® criteria 
for vertebrates. 

4.2.2  Deterministic PNEC assessment for OP 

The reliable dataset for fish and amphibians includes multiple studies designed to 
investigate the oestrogenic MoA. Nevertheless, the most sensitive result is a NOEC of 
6.1 µg/L from a FELS study with On. mykiss (ABC labs, 1984, cited in EA, 2005; ECHA, 
2011). An AF of 10 has been applied to this NOEC to derive a deterministic PNEC 
following standard approaches as follows: 

OP deterministic PNEC = 6.1/10 = 0.61 µg/L 

A case could be made for the application of additional AF based on the substance having 
a confirmed endocrine MoA. However, the endocrine mechanism is potentially already 
accounted because the dataset includes multigeneration fish studies (although the lowest 
NOEC is from a Level 4 FELS test). The PNEC of 0.61 µg/L is also protective of the lowest 
“biomarker” NOEC of 1 µg/L for male VTG induction in On. mykiss (Routledge et al., 
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1998). In addition, it would be protective of the LOEC of 1.7 µg/L for stimulation of 
reproduction in P. antipodarum (UBA, 2017) that has been omitted as a key study due to 
the uncertainties described above. 

4.2.3 Probabilistic assessment for OP 

A probabilistic assessment has been conducted using the reliable and relevant Level 4 
and 5 CF data for OP, comprising eight species (two invertebrate, four fish and two 
amphibian). In addition, the probabilistic assessment was conducted with or without the 
invertebrate data. 

Table 6 summarises the reliable and relevant NOECs for use in constructing an SSD for 
OP. The NOEC values range from 6.1 µg/L for On. mykiss in a FELS test, up to 36 µg/L 
for X. tropicalis in a LAGDA.  

Table 6 Values for selected for deriving an HC5 for OP 

Taxon Species Endpoint 
(NOEC) 

Value 
(µg/L) 

Value 
selected 
for SSD 

References 

Crustaceans Daphnia magna Reproduction 30 30 Hüls, 1992 

Mollusc Potampyrgus 
antipodarum 

Reproduction 21 21 UBA, 2017 

Amphibians Xenopus laevis Accelerated 
development 

13.5 13.5 Kamel et 
al., 2022 

Growth and 
development 

38 ABC, Labs, 
2012 

Xenopus 
tropicalis 

Growth and 
development 

36 36 Porter et al., 
2011 

Chordata Oryzias latipes Sex ratio 23.6 6.2  OECD, 
2012, Lab 9 
/ Seki et al., 
2003 

Increased 
growth 

6.2 Flynn et al., 
(2017) 
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Taxon Species Endpoint 
(NOEC) 

Value 
(µg/L) 

Value 
selected 
for SSD 

References 

Danio rerio Reproduction 12 7.4 Wenzel et 
al., 2001 

Sex ratio 7.4 OECD, 
2012 

Gasterostreus 
aculeatus  

Hatching rate 22.2 22.2 OECD, 
2012 

Oncorhynchus 
mykiss  

Growth 6.1 6.1 ABC labs, 
1984, cited 
in EA, 2005 
and ECHA 
2011 

The SSD for the reliable and relevant OP dataset is shown in Figure 4. 

HC5 values were derived using ETX version 2.3 or the weighted average method using 
ssdtools with and without invertebrate data. In both cases the HC5 without invertebrates 
was more sensitive and therefore used for the analysis (Table 7). 

The SSDs for the reliable and relevant OP dataset derived using ssdtools are shown in 
Figure 4. The following models showed the best fits to the data: gamma, llogis, lgumbel, 
lnorm and Weibull.  
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Figure 4 SSDs models from ssdtools for deriving an aquatic HC5 for OP 
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Table 7 HC5 values derived using the different distribution models 

Distribution Inverts  HC5 
(µg/L) 

Confidence 
Intervals (µg/L) 

AICc1 Weight Software 

Log normal Y 4.21 1.47 – 7.27 - - ETX v. 2.3 

N 3.30 0.78 – 6.3 - - 

Average Y 4.42 2.10 – 10.6 - - ssdtools v. 
1.0.2 

N 3.87 2.04 – 6.56 - - 

gamma N 3.14 0.817 – 10.4 7.83 0.155 

lgumbel N 4.96 3.48 – 9.41 6.3 0.334 

llogis N 3.38 1.24 – 8.65 7.74 0.163 

lnorm2 N 3.97 2.14 – 9.67 7.13 0.22 

weibull N 2.39 0.614 – 0.614 8.22 0.128 

Value highlighted in bold used for PNEC derivation 
Andersen Darling statistic was not calculated in ssdtools due to the small dataset. It was 
accepted for the ETX calculations. 
1 Akaike’s Information Criterion corrected for sample size (AICc) 
2 Note that a small differences in model results (less than a factor of 2) for different 
estimation packages is expected due to different estimation strategies (Fox et al., 2021)  

All the HC5 values for OP were relatively similar due to the relatively small range of NOEC 
values for OP (Table 7). Due to the small sample size not all the goodness-of-fit statistics, 
including the Andersen Darling statistic, could be applied to the models. The weighted 
average HC5 from ssdtools was used for the SSD. Unlike the probabilistic HC5 value for 
NP, the probabilistic HC5 for OP would be protective based on the NOECs in the OP 
dataset and therefore the approach appears to be acceptable. A default AF of 5 was 
applied to the data based on the dataset generally meeting the SETAC Pellston 
Workshop® criteria.  

Probabilistic OP PNEC = 3.87/5 = 0.77 µg/L 

The probabilistic PNEC is less conservative compared with the deterministic PNEC of 
0.61 µg/L but would still be protective of biomarker effects and stimulation of reproduction 
in molluscs. There are still, however, the following concerns: 

• The SSD dataset is small, with only four fish species; and 
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• The lowest NOEC was not from a multigeneration study and therefore the ‘actual’ 
NOEC for On. mykiss may be less than 6.1 µg/L. 

The deterministic PNEC of 0.61 µg/L is similar to a PNEC of 0.63 µg/L used in the EU 
REACH registration dossier for OP (ECHA, 2023). Further discussion of the suitability of 
using SSDs for EDCs and the application of an additional AF is discussed in Section 77. 

4.2.4 Combining the OP and NP datasets 

Due to the limited species coverage, it may be illustrative to consider combining 
information from both NP and OP into a single data set. Even though their potencies differ 
slightly, they have a similar MoA as ER agonists and are structural analogues. The main 
difference between the OP dataset and the combined dataset is the inclusion of a NOEC 
of 7.4 µg/L for P. promelas (Ward and Boeri, 1991a) and for O. latipes the use of the 
NOEC of 0.64 µg/L from the MEOGRT with NP (Watanabe et al., 2017) rather than at 
NOEC of 6.2 µg/L from an MEOGRT with OP (Flynn et al., 2017).  

The HC5 from the combined dataset is 1.05 µg/L using the weighted average method from 
ssdtools. This HC5 value is not suitable for use for deriving a PNEC for NP as it is not 
protective of the effects of NP in the MEOGRT. It is also not justified for use for OP as the 
HC5 value for the combined dataset is influenced by the result for NP with O. latipes in a 
MEOGRT when the OP dataset already includes OP-specific NOECs for O. latipes from 
both FSDT and MEOGRTs which are more relevant. The combined dataset is therefore 
not considered further in the present assessment. 

4.3 Summary and conclusion 
A dataset of relevant and reliable studies suitable for use in deriving a PNEC for OP has 
been compiled. There were valid OECD CF Level 4 and 5 NOECs available for eight 
species (two invertebrate, two amphibians, and four fish). The most sensitive NOEC in the 
dataset was reduced growth of On. mykiss at 6.1 µg/L (ABC labs, 1984, cited in EA, 2005; 
ECHA, 2011).  

Although there are a relatively small number of species, the dataset met the SETAC 
Pellston Workshop® criteria.  

• Fish were the most sensitive taxa based on data from a range of test methods 
(FSDT, FLCTT, and MEOGRT) designed to cover sensitive life stages and 
endpoints known to be affected by the ER agonist MoA (sex ratio and 
reproduction). There were also LAGDA studies with amphibians which cover 
developmental endpoints.  

• A MEOGRT study is available to cover multigeneration effects. 
• The main evidence for NMDR was for an increase in growth in fish. This effect in 

fish is probably due to the endocrine mechanism and is accounted for as an 
adverse population level effect in the assessment. Increased reproduction in 
molluscs is not considered relevant for the ER agonist MoA because based on 

https://echa.europa.eu/registration-dossier/-/registered-dossier/15074/6/1
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present biological knowledge there is no known functional role for the ER in 
invertebrates. The endpoint for increased reproduction in molluscs is therefore used 
as supporting information only. Key indicators for endocrine activity (e.g. VTG 
induction, presence or testis-ova, SSC or gonad histopathology) or effects on EAS 
mediated endpoints (sex ratio) were typically concentration related. 

• There appears to be an ETNC for OP with effects on fish (mechanistic or 
population-relevant) typically observed above 5 µg/L. The lowest NOEC for a 
biomarker endpoint was 1 µg/L based on male VTG induction in On. mykiss 
(Routledge et al., 1998).  

The most sensitive NOEC for OP was 6.1 µg/L from an OECD CF Level 4 study (e.g. 
reduced growth in a FELS test with On. mykiss) rather than a Level 5 test incorporating a 
second generation, although the MEOGRT showed similar sensitivity to the FELS result 
(NOEC of 6.2 µg/L based on increase in body length). OP has been used in validation 
studies of OECD fish and amphibian tests and therefore the repeatability of the results has 
been demonstrated, improving confidence that an ETNC can be determined. There are no 
validated studies with amphibians that cover reproduction endpoints or multigeneration 
effects, but the available data based on effects on sex ratio in the LAGDA do not suggest 
that amphibians would be more sensitive to fish to OP. 

Most of the fish data was for ‘standard’ small test species, which are rapid breeders kept in 
warm water. The exception was the lowest NOEC in the dataset which was for On. mykiss 
based on a FELS test. Therefore, there is a data gap for EAS mediated effects in longer-
lived cold-water species. Other data gaps are for effects on marine species and for fish 
with alternative reproductive strategies (e.g. live bearers). There were only two 
invertebrate species in the reliable and relevant OP dataset, but invertebrates were less 
sensitive to OP compared with fish, as expected based on the oestrogenic MoA, and were 
therefore not used for the probabilistic risk assessment. 

The deterministic PNEC for OP was 0.61 µg/L derived by applying an AF of 10 to the 
lowest population-relevant NOEC of 6.1 µg/L. The probabilistic PNEC was 0.77 µg/L, 
derived by applying an AF of 5 to a weighted average HC5 of 3.83 µg/L using the dataset 
for vertebrates only. 

Consideration was given to combining the NP and OP datasets to provide a PNEC based 
on a larger amount of data. This was ruled out because although the main benefit was to 
increase the dataset for NP, fish are more sensitive to NP compared with OP meaning the 
result was not sufficiently precautionary.  
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5 PNEC derivation: EE2 

5.1 Long-term aquatic toxicity data 
As part of the SETAC Pellston Workshop® on “Ecotoxicological Hazard and Risk 
Assessment Approaches for Endocrine-Active Substances” Matthiessen et al. (2017) 
derived an HC5 of 0.047 ng/L for EE2, using only relevant data for fish. The authors 
concluded that there were no data gaps for EE2 because of the extensive dataset on 
effects in fish, and its well-established MoA. To ensure that no other potentially relevant 
studies (not considered by Matthiessen et al., 2017) were available for the current 
assessment, additional EE2 assessments published by the European Commission (EC, 
2002) and the JRC (as part of EQS derivation) (JRC, 2022) were also reviewed. In JRC 
(2022), an SSD was generated using aquatic taxa expected to be most sensitive to EE2, 
namely fish and amphibians.  

In some cases, a re-evaluation of the reliability of studies used in Matthiessen et al. (2017) 
was undertaken where the result was considered to potentially impact the outcome of the 
assessment (i.e. those which might result in a change in the lowest NOEC for a particular 
species), in addition to the reliability assessments carried out for published data not included 
in Matthiessen et al. (2017). This ensured consistency with the approach taken for NP and 
OP. For studies where a clear NOEC was not derived (i.e. unbounded, with effects reported 
at the lowest exposure concentration), and which therefore did not meet the relevance 
criteria as defined in Section 15 of the current assessment, a LOEC/2 approach was applied 
if the effect was between 10 and 20% of the control, in accordance with guidance given in 
ECHA (2008). However, in Matthiessen et al. (2017) and in JRC (2022) this approach 
(LOEC/2) was also used for some studies where the LOEC was > 20% of the control result.  

Detailed information on the substance identity and physicochemical properties of EE2 is 
given in Appendix 150. 

5.1.1 Updates to the dataset 

The fish and amphibian data used to construct an SSD in JRC (2022) and Matthiessen et 
al. (2017), and the further data identified in the present assessment, are described in the 
sections below. Data from invertebrates are not included in this assessment for EE2 given 
the amount of data for, and its known high potency in, aquatic vertebrates.  

A literature search was conducted by the EA covering the period from 2016 to 3 June 
2021 to identify new published data for EE2. Twenty-three papers containing potentially 
relevant data were identified. Four papers were not considered further, as two involved 
exposures to bivalves and two were acute exposures. Two were review papers (Bosker et 
al., 2017; Rutherford et al., 2020) which were used to cross check that no potentially 
relevant studies had been overlooked. The remaining 17 papers were assessed for 
reliability and relevance, according to the criteria and approaches detailed in Section 15. 
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Only one new study using the Ten-spotted Livebearer Cnesterodon decemmaculatus 
(Young et al., 2020) was considered relevant and reliable for PNEC derivation. 

5.1.2 Amphibians  

JRC (2022) included NOECs from amphibian studies with Xenopus tropicalis and Rana 
temporaria (Pettersson and Berg, 2007). Amphibian data were not considered by 
Matthiessen et al. (2017). The Pettersson and Berg (2007) study was reviewed in the 
present assessment and the X. tropicalis data considered to be reliable and relevant for 
inclusion in the assessment. X. tropicalis tadpoles were exposed for approximately 32 
days (from Nieuwkoop and Faber stage 47 to completion of metamorphosis). Endpoints 
included survival, sex ratio and time to metamorphosis. The most sensitive endpoint was 
sex ratio and time to metamorphosis with a bounded NOEC of 1.77 ng/L. The R. 
temporaria dataset was not considered relevant or reliable, as egg masses were collected 
from the wild and may have been previously exposed to the test substance (or affected by 
viruses or parasites, etc.), and only two concentrations were tested.  

5.1.3 Fish  

Cyprinidae (Danio rerio) 

A modified OECD CF Level 4 study (FSDT) with the zebrafish, D. rerio (Maack and 
Segner, 2004), is available. Female bias in the sex ratio was determined to be the most 
sensitive endpoint with a statistically significant change reported at the lowest exposure 
concentration of 1.67 ng/L (NOEC < 1.67 ng/L). Five life cycle studies were also available 
(Wenzel et al., 2001; Nash et al., 2004; Schäfers et al., 2007; Soares et al., 2009; Larsen 
et al., 2008). A sixth life cycle study by Segner et al. (2003) was deemed to be the same 
data as that reported in Wenzel et al. (2001) and these studies have been considered 
together in Table 54 (referred to as Wenzel et al. (2001) for the remainder of this report). 
In three of the life cycle studies, bounded NOECs could be derived; Larsen et al. (2008) 
based on sex ratio (0.05 ng/L); Wenzel et al. (2001) based on F1 growth (0.1 ng/L); and 
Schäfers et al. (2007) based on F0 growth/reproduction/fertilisation success (0.31 ng/L). In 
two of the life cycle studies, which were both considered reliable, the NOEC was 
unbounded (Nash et al., 2004; Soares et al., 2009), as effects on F1 fertility and F1 
growth/mortality occurred at the lowest exposure concentrations of 0.5 and 0.19 ng/L, 
respectively. It was not possible to apply the LOEC/2 approach to estimate the NOEC as 
the data did not meet the relevant ECHA (2008) criteria for such an estimation. The lowest 
bounded NOEC for D. rerio is 0.05 ng/L, based on sex ratio (Larsen et al., 2008). In this 
study there were 69% males and 31% females in the control, with a significant reduction to 
59% male at 0.5 ng/L and only 5% male at 5 ng/L.   

Matthiessen et al. (2017) used a geometric mean of 0.21 ng/L from the NOECs for fertility 
in Wenzel et al. (2001), Schäfers et al. (2007) and Larsen et al. (2008). JRC (2022) used 
the NOEC of 0.3 ng/L from Wenzel et al. (2001), based on reproduction (the Larsen et al., 
2008 study is not mentioned in JRC, 2022). The key biomarkers for oestrogenic activity in 
these studies all followed a concentration response with effects on male and female VTG 
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induction in F0 adults with LOECs of 0.5 and 4.5 ng/L, respectively (Nash et al., 2004) and 
a decrease in male SSC with a LOEC of 0.05 ng/L (Larsen et al., 2008). There was no 
threshold value for effects on this biomarker, with effects generally reported at the lowest 
exposure concentrations. 

Cyprinidae (Pimephales promelas) 

Two reliable Level 5 multigenerational studies with the fathead minnow P. promelas are 
available (Parrott and Blunt, 2005; Länge et al., 2001). They are of similar study design, 
with the lowest (bounded) NOEC from Länge et al. (2001) of 0.76 ng/L based on F0 
growth. In Parrott and Blunt (2005) a clear NOEC could not be determined, as a significant 
decrease in fertilisation success and an increase in female bias in the sex ratio was 
reported at the lowest nominal concentration of 0.32 ng/L. In Matthiessen et al. (2017) a 
geomean value of 0.86 ng/L was used in their SSD, based on the overall NOEC of 
0.76 ng/L (Länge et al., 2001) and a value of 0.96 ng/L from Parrott and Blunt, 2005 
(although this was not the lowest NOEC from the study). Since the NOECs represented 
different endpoints it was not considered viable to use a geometric mean in the present 
assessment. It should also be noted that in Parrott and Blunt (2005) the key biomarker for 
oestrogenic activity, male SSC (LOEC 0.96 ng/L) and female ovipositor index (LOEC 
3.54 ng/L) demonstrated a concentration response with a decrease and increase 
observed, respectively. These LOEC values are greater than the NOEC of 0.76 ng/L used 
in our assessment. In Länge et al. (2001) there was a concentration response increase in 
the presence of testis-ova (LOEC 2.8 ng/L), except at the highest concentration where 
none were found, however at this concentration almost all the fish (96%) were female.  

Cyprinidae (Gobiocypris rarus) 

One Level 5 study was available with the Chinese Rare Minnow, G. rarus (Zha et al., 
2008). This multigenerational study was initiated with embryos and exposure was over two 
generations. Exposure of a third generation was planned but this was not undertaken due 
to complete spawning failure in the F2 generation at all EE2 exposure concentrations. A 
clear NOEC could not be determined in this study as effects were reported at the lowest 
exposure concentration of 0.18 ng/L (i.e. decrease in F0 and F1 reproduction, fertility and 
an increase in female bias in the sex ratio). Although the percentage changes were > 20% 
(i.e. 42% and 35% for F0 reproduction and fertilisation rates, respectively), the LOEC/2 
approach was used in Matthiessen et al. (2017) and JRC (2022) to estimate a NOEC of 
0.09 ng/L for this study. Biomarkers for oestrogenic activity all followed a concentration 
response with effects on male and female VTG induction in F0 and F1 adults observed at 
exposure concentrations of ≥ 0.18 ng/L in males and ≥ 0.961 ng/L in females and a LOEC 
for induction of testis-ova at 0.18 ng/L. 

Cyprinidae (Rutilus rutilus) 

The one Level 4 study available with the Roach, R. rutilus (Lange et al., 2008) included in 
the JRC (2022) assessment was considered unreliable for the present assessment. The 
results were based on only two test concentrations, so it was not possible to establish a 
concentration response. Measured concentrations were only 30 and 40% of nominal. This 
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study was not considered in Matthiessen et al. (2017). It should also be noted that for one 
of the key biomarkers for oestrogenic activity, VTG, an increase was only reported at the 
highest concentration (LOEC = 4 ng/L). 

Salmonidae (Oncorhynchus mykiss) 

Three Level 4 studies were available for rainbow trout, On. mykiss (Schultz et al., 2003; 
Brown et al., 2007; Depiereux et al., 2014). The study by Brown et al. (2007) was the most 
sensitive and was initiated with adult males exposed for 56 days before semen was 
collected and used to fertilise unexposed eggs. Survival in the resulting F1 embryos was 
determined at 19 days post fertilisation. A clear NOEC could not be determined in this 
study as a significant decrease in F1 survival was reported at the lowest exposure 
concentration of 0.8 ng/L. However, the percentage change was approximately 20%, so 
the data met the ECHA (2008) requirements for use of the LOEC/2 approach to estimate a 
NOEC of 0.4 ng/L. This approach to derive a NOEC was also undertaken in the 
Matthiessen et al. (2017) assessment. JRC (2022) used a higher NOEC of 8 ng/L, 
calculated from the LOEC/2 (15.6 ng/L) based on reproduction (Schultz et al., 2003), 
however these data did not meet the ECHA (2008) requirements for this approach. A 
higher (unbounded) NOEC of 10 ng/L was reported by Depiereux et al. (2014) based on 
sex ratio (sex reversal). In Brown et al. (2007) plasma VTG concentrations, a key 
biomarker for oestrogenic activity, in male fish followed a concentration response with an 
increase observed at all measured concentrations (LOEC = 0.8 ng/L). In Depiereux et al. 
(2014) there was a concentration response for the feminisation of the gonads (i.e. 
presence of intersex gonads and an oviduct-like structure) with a LOEC of ≥ 10 ng/L and 
at the highest two exposure concentrations (1 620 and 9 880 ng/L) all fish were identified 
as female.   

Cyprinodontidae (Cyprinodon variegatus) 

One Level 5 study was available with the sheepshead minnow, C. variegatus, (Zillioux et 
al., 2001). This partial multigenerational study was initiated with sub-adults and exposure 
was continued over the early life-stages (approximately seven days) of the F1 generation. 
The NOEC from this study was 18.1 ng/L based on a decrease in reproduction and 
hatching success. The NOEC of 18.1 ng/L was also the NOEC that was used in JRC 
(2022), but this study was not considered in Matthiessen et al. (2017). The key biomarker 
for oestrogenic activity, induction of testis-ova, was reported in males at all exposure 
concentrations, LOEC ≥ 18.1 ng/L. 

Poeciliidae (Poecilia reticulata) 

One Level 5 study was available with the guppy, P. reticulata, with different endpoints 
reported in separate papers (Nielsen and Baartrup, 2006; Kristensen et al., 2005, 
respectively). Both describe a study initiated with newborn fish, with exposure continued 
until adulthood. The NOEC is the same from both studies, 44 ng/L, based on an increase 
in female bias in the sex ratio, an increase in growth (male body weight) and biomarker 
endpoints of decreasing body colouration intensity and alteration in sperm quality. The 
NOEC of 44 ng/L was used by both Matthiessen et al. (2017) and JRC (2022). There was 
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also a concentration response regarding colouration (male SSC), a biomarker for 
oestrogenic activity, with a LOEC of 112 ng/L (Nielsen and Baartrup, 2006; Kristensen et 
al., 2005). 

Poeciliidae (Cnesterodon decemmaculatus) 

A Level 4 modified FSDT study with the Ten-spotted Livebearer, C. decemmaculatus was 
identified in the EA literature search (Young et al., 2020). Newborn C. decemmaculatus, 
were exposed for 90 days to three measured concentrations of EE2 (32.3, 99.1 and 
296.2 ng/L). Endpoints included growth, survival, sex ratio and SSC (gonopodium 
development). A clear NOEC (bounded) could not be determined in this study as an 
increase in female bias in the sex ratio was reported at the lowest exposure concentration 
of 32.3 ng/L. The percentage change (42.9%) for sex ratio, compared to the control, did 
not meet the ECHA (2008) guidance criteria for estimating the NOEC from the LOEC/2. 
Sex ratio changes at the two higher concentrations were considered to have been 
impacted by systemic toxicity. The mechanistic endpoint for SSC (delay in gonopodium 
development) for oestrogenic activity followed a concentration response and was 
observed at all concentrations tested, LOEC ≥ 32.3 ng/L. 

Adrianichthyidae (Oryzias latipes) 

One Level 5 study with the Japanese medaka, O. latipes (Balch et al., 2004), included in 
the Matthiessen et al. (2017), assessment was considered unreliable for PNEC derivation 
following an evaluation undertaken for the present assessment, since the results were 
based on nominal concentrations with the exposure media only being renewed on three 
days each week. Matthiessen et al. (2017) also considered this study to be borderline 
reliable (Klimisch 2 or 3). This study was listed in the JRC (2022) but was not included in 
their SSD, and a NOEC from a Level 4 study (Scholz and Gutzeit, 2000) was included 
instead. Unfortunately, the Scholz and Gutzeit (2000) study did not have supporting 
analytical verification and therefore is not included in the present assessment. A key 
biomarker for oestrogenic activity, induction of testis-ova in males followed a concentration 
response with a LOEC of 2.0 ng/L (Balch et al., 2004). In Scholz and Gutzeit (2000), 
female GSI followed a concentration response decrease (LOEC 10 ng/L) and at 100 ng/L 
all XY-males developed into females. 

Gobiidae (Pomatoschistus minutus) 

The one Level 5 study available with the Sand Goby P. minutus (Robinson et al., 2003), 
was considered by Matthiessen et al. (2017) and the present assessment to be unreliable 
as results were based on a single test concentration, which was applied as a positive 
control in the testing of other substances. However, Matthiessen et al. (2017) included this 
value in their SSD, with the caveat that this study was considered unreliable (Klimisch 3). 
This study is also listed in JRC (2022) but not included in their SSD. Regarding the 
biomarkers for oestrogenic activity, a reduction in GSI and change in SSC were also 
reported at the single concentration tested (LOEC 6 ng/L). 
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Fundulidae (Fundulus heteroclitus) 

The one Level 4 study available with the Mummichog F. heteroclitus (Peters et al., 2010) 
was also considered unreliable in the current assessment. It was, however, considered 
reliable by Matthiessen et al. (2017) and included in their SSD. Exposure concentrations 
were not measured in the tanks during the exposure as insufficient water volumes were 
collected but were measured in tanks used in a subsequent exposure (control and 
100 ng/L). At 100 ng/L a loss of 88% was recorded over 12 hours, indicating that the 
dosing system was unable to maintain stable exposure conditions at the highest exposure 
concentration. As the exposure concentrations at the lower concentrations were not 
measured, it remains unknown if the technical issues affecting the highest concentration 
extended to the lower doses. Regarding the biomarkers for oestrogenic activity there was 
a significant increase in liver VTG in females, in female SSC for juveniles and in male and 
female gonad histopathology at 100 ng/L (LOECs = 100 ng/L (nominal)). However, these 
findings are equivocal since they are only based on only two to four fish per sex, per 
concentration.   

5.2 PNEC derivation  

5.2.1 Dataset evaluation  

Applying the relevance criteria given in Section 15, the results from studies at OECD CF 
Level 3 were not considered further for PNEC derivation, because they are designed as 
screening assays for mechanistic effects and typically have wide spacing of test 
concentrations and relatively short test durations.  

While over 50 Level 4 and 5 fish studies (covering a range of species) and one amphibian 
study are available for EE2, most comprised only one or two exposure concentrations 
without analytical verification, and so failed to comply with the relevancy criteria applied in 
the current assessment (defined in Section 15). In addition, many studies displayed 
significant effects at the lowest exposure concentration (unbounded NOEC) and did not 
meet the ECHA (2008) criteria for estimating a NOEC from the LOEC, and as such also 
failed to meet the relevancy criteria applied here. Finally, for some studies only an abstract 
was available which was not considered to contain sufficient detail to determine the 
reliability and relevance of a study (Reliability of 4 – not assignable).  

While the unreliable and not relevant studies were excluded from the present PNEC 
assessment, some have nevertheless been discussed, because they were included by 
JRC (2022) or Matthiessen et al. (2017) to determine their HC5 values.  

Following assessment of reliability and relevance, only nine EE2 studies were considered 
reliable and relevant for PNEC derivation; eight fish studies and one amphibian study 
(studies in black in Table 8). Of the fish studies, three were Level 4 studies and five were 
Level 5 studies. These studies, and those evaluated by Matthiessen et al. (2017) and JRC 
(2022) and used in their HC5 determinations, are detailed in Appendix 203, Table 52, 
Table 53 and Table 54.    



 

 

Table 8 Reliable and relevant chronic vertebrate data for EE2 

Species 
(taxonomic group) 

Endpoint (test design) NOEC (ng/L) LOEC 
(ng/L) 

Reference 

Xenopus tropicalis Sex ratio (exposure from NF stages 47 – 66) 1.77  17.7 Pettersson et al., 2007 

Danio rerio F1 fertility (multigeneration initiated with spawning 
fish exposed for 40 days, F1 exposure until 210 dpf 
and F2 until 100 hpf) 

< 0.5  0.5 Nash et al., 2004 

F1 growth, mortality (FLCTT initiated with embryos 
exposed for 8 months and F1 until 80 hpf)  

< 0.19 0.19 Soares et al., 2009 

Sex ratio (partial FLCTT initiated with fry exposed 
from 43-71 dph, then held in clean water until 190 dpf) 

< 1.67 1.67 Maack and Segner, 2004 

Sex ratio (FLCTT initiated with embryos exposed for 
4 months and F1 for 7 days) 

0.05 0.5 Larsen et al., 2008 

F1 growth (Multigeneration initiated with embryos 
exposed for 155 days and F1 until 36 dph) 

0.1 0.3 Wenzel et al., 2001 

F0 growth/reproduction/fertility (FLCTT initiated with 
embryos exposed for 177 days) 

0.31 1.1 Schäfers et al., 2007 



63 of 257 

Species 
(taxonomic group) 

Endpoint (test design) NOEC (ng/L) LOEC 
(ng/L) 

Reference 

Pimephales 
promelas 

Sex ratio/fertility (FLCTT initiated with embryos 
exposed to 150 dph) 

< 0.32 0.32 Parrott and Blunt, 2005 

F1 growth (multigeneration initiated with embryos 
exposed to 301 dph and F1 until 28 dph) 

0.76 2.8 Länge et al., 2001 

Gobiocypris rarus Reproduction/fertilisation success (multigeneration 
study initiated with embryos. Complete exposure of 
F0 and F1 generations. F2 not initiated as complete 
spawning failure in F1 generation) 

< 0.18 0.18 Zha et al., 2008 

Rutilus rutilus Sex ratio (partial FLCTT initiated with embryos 
exposed until 112 dph) 

< 0.3 0.3 Lange et al., 2008 

Oncorhynchus 
mykiss 

F1 survival (587 dpf male fish exposed for 56 days, 
semen collected to fertilise unexposed eggs, F1 
exposed until 19 dpf) 

< 0.8 or 0.4 
(LOEC/2 est.) 

0.8 Brown et al., 2007 

Sex ratio (60 dpf male fish exposed for 76 days) 10 80 Depiereux et al., 2014 

Reproduction (adult male fish exposed for 62 days, 
semen collected to fertilise unexposed eggs, F1 were 
held in clean water until 28 dpf) 

< 15.6 15.6 Schultz et al., 2003 
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Species 
(taxonomic group) 

Endpoint (test design) NOEC (ng/L) LOEC 
(ng/L) 

Reference 

Cyprinodon 
variegatus 

Reproduction/hatching success (partial FLCTT 
initiated with 6 week old fry exposed for 59 days and 
F1 exposed until 7 dph) 

18.1  117 Zillioux et al., 2001 

Poecilia reticulata Sex ratio/male growth (newborns exposed 108 days; 
exposed and unexposed males mated with 
unexposed females and F1 exposed 72 d) 

44  112 Nielsen and Baartrup, 2006; 
Kristensen et al., 2005  

Cnesterodon 
decemmaculatus 

Sex ratio (newborns exposed for 90 days, after 
completion of sexual maturity) 

< 32.2 32.2 Young et al., 2020 

Oryzias latipes Reproduction (hatched fry exposed for 60 days) 1.0 10  Scholz and Gutzeit, 2000 

Pomatoschistus 
minutus 

Reproduction/fertility (initiated with immature fish 
exposed for 7 months to assess reproduction)  

< 6.0 6.0 Robinson et al., 2003 

Fundulus 
heteroclitus 

Reproduction/hatching success (spawning fish 
exposed for 28 days and F1 exposed for 61 weeks) 

10 100 Peters et al., 2010 

LOEC/2 est: estimated from LOEC/2 as data meet ECHA (2008) guidance 
dph: Days Post Hatch 
dpf: Days Post Fertilisation 
hpf: Hours Post Fertilisation 
NOEC values in bold are the lowest bounded NOEC for that species from studies considered reliable and relevant in the current report. 
Studies highlighted in red are for supporting use only, as no NOEC could be derived or studies were not considered reliable and relevant 
in this report.



 

 

From the amphibian study (Pettersson and Berg, 2007) it was possible to derive bounded 
NOEC and LOEC values. It was only possible to derive a bounded NOEC from studies 
with four fish species (D. rerio, P. promelas, C. variegatus and P. reticulata; data 
highlighted in bold in the third column of Table 8). NOEC values ranged from 0.05 to 
44 ng/L. In the majority of cases where effects were reported at the lowest exposure 
concentration, these effects were > 20% of the NOEC (control), and therefore it was not 
possible to use the LOEC/2 approach to estimate the NOEC. This approach was only 
possible, for a fifth fish species with On. mykiss (Brown et al., 2007).  

5.2.2 Suitability of the EE2 dataset for derivation of a PNEC and data gap 
analysis 

Despite a large number of available chronic aquatic vertebrate studies on EE2, reliable 
and relevant data are only available for six species. This much reduced EE2 dataset has 
been assessed against the SETAC Pellston Workshop® criteria for deriving a PNEC for an 
EDC (Matthiessen et al., 2017). 

1. Have the most appropriate taxa been tested (with relevant endpoints)? 

The ED MoA of EE2 is an ER agonist and the dataset is based on the most sensitive 
species (fish and amphibians) known to possess ERs with changes in population-relevant 
endpoints (i.e. development and reproduction endpoints and sex ratio). The available fish 
dataset comprises five species within four families (Cyprinidae, Cyprinodonitadae, 
Poeciliidae and Salmonidae), including standard OECD test species, freshwater and an 
estuarine species, and both egg and livebearers. In addition, one amphibian study is 
included. There are no marine species. The most sensitive endpoints were derived from 
standard regulatory test species (i.e. D. rerio and P. promelas).  

2. Have sensitive life stages, or the entire life cycle, been tested (with relevant 
endpoints)? 

There are reliable and relevant OECD CF Level 4 and 5 tests available, including those 
similar in study design to a modified LAGDA, FLCTT and multigenerational tests. These 
tests cover the entire-life cycle and sensitive life stages (embryos and juveniles). These 
studies also include relevant endpoints sensitive to ER agonist activity, including fecundity 
and fertilisation success and a female bias in the sex ratio. The majority of the dataset is 
derived from life cycle studies (Level 5) which included sensitive endpoints such as sex 
ratio and reproduction. Due to the lack of reliable Level 4 fish studies, it is not possible to 
determine, based on the available data, if these studies would have been as sensitive as 
the Level 5 studies. However, the following Level 4/5 studies with P. reticulata (Nielsen 
and Baartrup, 2006; Kristensen et al., 2005), C. variegatus (Zillioux et al., 2001) and On. 
mykiss (Depiereux et al., 2014) were initiated with newborns, fry, or sub-adult fish, 
respectively rather than with embryos. Furthermore, only the study with C. variegatus 
included a second generation and then the second-generation fry were terminated at 
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7 days old. These fish studies are much less sensitive (NOECs from 10 – 44 ng/L) 
compared with the studies incorporating an exposure from embryos to sexual 
differentiation (NOECs 0.05 - 0.76 ng/L).  

3. Have delayed and multigenerational (i.e. latent) effects been considered? 

The majority of the dataset comprises life cycle studies, three life cycles with the D. rerio, 
one with P. promelas and one with both C. variegatus and P. reticulata. Of these, those 
with D. rerio (Wenzel et al., 2001) and P. promelas (Länge et al., 2001) were exposed over 
two generations. These multigenerational tests should be sufficient to address any 
concerns for delayed or latent effects of EE2.  

4. Do Non-Monotonic Dose Relationships (NMDRs) or other unusual temporal 
patterns of toxicity affect the ability to predict reliable no-adverse-effect levels? 

There was no evidence for an NMDR relationship for the key indicators for endocrine 
activity (i.e. VTG induction, induction of testis-ova, SSC, or gonad histopathology) or 
effects on EAS mediated endpoints (i.e. sex ratio). 

There was limited evidence for NMDRs in some of the multigenerational studies based on 
either population-relevant or mechanistic endpoints. These included an increase in male 
GSI at the lowest exposure concentration (Kristensen et al., 2005) and in Larsen et al. 
(2008) there was a significant decrease in male weight at 0.05 ng/L (lowest exposure 
concentration) and an increase at 5.58 ng/L (highest exposure concentration). Although 
there was a significant increase in GSI at the lowest measured concentration there was a 
clear non-significant tendency toward a decrease in GSI at the other two measured 
concentrations. No explanation was provided by the authors for the increase (Kristensen 
et al., 2005). No explanation was provided by the authors for the changes in male weight 
at the lowest exposure concentration; however, the increase at 5.58 ng/L could be 
associated with feminisation (Larsen et al., 2008).  

5. Does a threshold for adverse endocrine-mediated effects exist? 

Figure 5 shows the range of NOEC values for endocrine population-relevant (reproduction 
and sex ratio) and “biomarker” endpoints (VTG induction, gonad histopathology, SSC, 
steroid hormone levels and presence of testis-ova) from sixteen reliable OECD CF Level 4 
or 5 fish studies (note that most of these studies were not used for PNEC derivation, either 
because they did not meet relevance criteria or because there was a more sensitive result 
with the same species). NOEC values generally cover the range 0.01 - 100 ng/L) 
excluding some insensitive results for gonad histopathology and steroid hormone 
measurements. The lowest “biomarker” NOEC (LOEC/2) was 0.025 ng/L based on SSC in 
the same D. rerio life cycle study as the lowest population level NOEC of 0.05 ng/L 
(Larsen et al., 2008). These data would appear to demonstrate a threshold level for 
endocrine effects in fish with NOECs all being above 0.01 ng/L. 
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Figure 5 Range of NOEC values from all reliable OECD CF Level 4 and 5 fish studies 
with EE2. The blue line indicates the lowest population level NOEC of 0.05 ng/L 
based on sex ratio in a D. rerio life cycle study (Larsen et al., 2008).   

Some caution should be applied since several studies were unbounded (including for 
biomarker endpoints), although this is partly explained by the lack of standardised test 
guideline studies. Many of the studies included only three test concentrations and wide 
spacing of test concentrations (e.g. a factor of 10 in the D. rerio life cycle study on which 
the driving NOEC for the assessment is based (Larsen et al., 2008)).   

Overall, the reliable and relevant dataset for EE2 generally meets the SETAC Pellston 
Workshop® criteria for deriving a PNEC for an EDC.  

5.2.3 Deterministic PNEC assessment for EE2 

Only vertebrates were included in the assessment based on the known ER agonist MoA 
(this approach is also supported by the NP and OP analysis). The reliable dataset for fish 
includes OECD CF Level 4 and 5 studies with 5 fish and 1 amphibian incorporating 
relevant endocrine mediated endpoints. The most sensitive NOEC is 0.05 ng/L based on a 
shift in sex ratio in a D. rerio life cycle study (Larsen et al., 2008).  

Using standard approaches the PNEC for EE2 is derived deterministically by applying an 
AF of 10 to the NOEC of 0.05 ng/L as follows: 

EE2 deterministic PNEC = 0.05/10 = 0.005 ng/L 

A case could be made for the application of additional AF based on the substance having 
a confirmed endocrine MoA. However, the endocrine mechanism is already accounted 
because several multigeneration fish studies are included in the dataset. Despite the 
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unbounded NOEC values, it would also be protective of the lowest “biomarker” NOEC (or 
LOEC/2) of 0.025 ng/L for effects on SSC in the same study (Larsen et al., 2008). 

Further discussion of AF is given in Section 78. 

5.2.4 Probabilistic assessment for EE2 

Table 9 summarises the six NOEC values that have been applied in deriving an HC5 value 
for EE2. The dataset includes relevant and reliable Level 4 or Level 5 CF fish and 
amphibian studies. The fish taxa include both estuarine and freshwater species.  

Table 9 Values for selected for deriving a HC5 for EE2 

Species Endpoint 
(NOEC) 

Value selected for 
HC5 (ng/L) 

Reference 

Xenopus tropicalis Sex ratio 1.77 Pettersson and Berg, 
2007 

Danio rerio Sex ratio 0.05 Larsen et al., 2008 

Pimephales 
promelas 

Reproduction 0.76 Länge et al., 2001 

Oncorhynchus 
mykiss 

Juvenile mortality 0.4 (est.) Brown et al., 2007 

Cyprinodon 
variegatus  

Reproduction 18.1 Zilliouz et al., 2001 

Poecilia reticulata Reproduction/sex 
ratio 

44 Nielsen & Baartrup, 
2006; Kristensen et 
al., 2005 

est.: estimated from LOEC/2 

SSDs for EE2 were generated using the log normal method based on ETX version 2.3 or 
the weighted average method using ssdtools.  

The SSDs for the reliable and relevant EE2 dataset derived using ssdtools are shown in 
Figure 6. 
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Figure 6 SSDs models from ssdtools for deriving an aquatic HC5 for EE2 

The HC5 values derived using the different distributions and using the ETX software are 
given in Table 10.  
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Table 10 HC5 values derived using the different distribution models 

Distribution HC5 
(ng/L) 

Confidence Intervals 
(ng/L) 

AICc1 Weight Software 

Log normal 0.021 0.000155 - 0.186  - - ETX v. 2.3 

Average 0.0288 0.00372 – 0.974 - - ssdtools 
v. 1.0.2 

Gamma 0.00506 0.00000380 – 1.73 - 3.59 0.168 

Lgumbel 0.055 0.0152 – 0.813 - 3.96 0.202 

Llogis 0.0276 0.00126 – 0.608 - 3.83 0.189 

Lnorm2 0.0388 0.00349 – 1.05 - 4.33 0.243 

Weibull 0.0111 0.0000657 – 0.969 - 3.92 0.198 

Andersen Darling statistic was not calculated in ssdtools due to small dataset 
1 Akaike’s Information Criterion corrected for sample size (AICc) 
2 Note that a small differences in model results (less than a factor of 2) for different 
estimation packages is expected due to different estimation strategies (Fox et al., 2021)  

The model average HC5 for EE2 is 0.0288 ng/L, with confidence limits of 0.00372 – 
0.974 ng/L. Using ssdtools it is possible to demonstrate how the different distributions, all 
of which have an acceptable fit to the dataset, lead to HC5 values which vary by an order 
of magnitude (between 0.055 and 0.005 ng/L). The challenge in fitting a curve to the data 
adds to the uncertainty. It is however worth noting that the initial log normal HC5 derived 
using ETX v. 2.3 of 0.021 ng/L is similar to the model average HC5 value. 

The wide confidence limits around the HC5 values reflect the small dataset and the spread 
of the values used to generate the SSD and indicates that the estimate is uncertain. 
Nevertheless, a PNEC has been derived by applying the default AF of 5 to the model 
average HC5 value as follows: 

Probabilistic EE2 PNEC = 0.0288/5 = 0.00576 ng/L 

The outcome is similar to the deterministic PNEC of 0.005 ng/L. 

The reasons for the lack of resolution regarding effects on EE2 at low concentrations may 
reflect that most of the studies were conducted for research rather than regulatory 
purposes, where the primary aim was not necessarily to ensure a ‘no-effect’ concentration 
was produced. This includes studies with wide test concentration ranges (e.g. the driving 
NOEC for the assessment is from a study (Larsen et al., 2008) with a factor of 10 spacing 
between the treatments). There have also been improvements in analytical detection 
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techniques over time, so it would now be possible to analytically measure the lower 
exposure concentrations used in some of the studies excluded for this reason.  

Another factor is related to experimental design. The studies with C. variegatus and P. 
reticulata (which both show much lower sensitivity to EE2 compared with the other 
species) do not include exposure of early embryo stages (exposures initiated with 6-week-
old fry or newborns, respectively). This represents a limitation of the SSD approach for 
EE2, where the small dataset is potentially biased by the inclusion of NOEC values from 
studies which do not follow an experimental design which is sensitive to the ER agonist 
MoA. Excluding the insensitive studies would lead to a dataset based on four species 
which is insufficient for an SSD. 

Although not a standard approach, for comparative purposes the HC5 for EE2 has been 
derived using all nine reliable NOEC values (including those with the same species) to 
determine if this improves confidence in the HC5 (see Appendix 215). The alternative 
model average HC5 was very similar (0.029 ng/L), with confidence limits of 0.00698 ng/L to 
0.375 ng/L. The model average HC5 was then calculated removing the two insensitive 
studies of lower relevance to give a value of 0.032 ng/L (0.00861-0.253 ng/L), further 
improving confidence in the HC5. However, this result is based on just four species and 
removes the live bearer and estuarine species from the dataset. 

Nevertheless, it provides some confidence that the model average HC5 would be 
acceptable for use for PNEC purposes. However, given the similarities between the 
deterministic and probabilistic PNECs the use of the deterministic PNEC is potentially 
more justifiable.  

For context, the PNEC derived in the present assessment is about two orders of 
magnitude lower than the concentration (5 to 6 ng/L) which led to the collapse of P. 
promelas populations in a Canadian Lake exposed over three years during the summer 
months (Kidd et al., 2014).  

5.2.5  Comparisons with other EE2 PNECs 

The HC5 of 0.0228 ng/L derived in the present assessment is lower compared with HC5 
values of 0.047 ng/L (Matthiessen et al., 2017) or 0.0869 ng/L (JRC, 2022) (Table 11). 
While some variation could be due to potential differences in the statistical approaches 
used to derive the HC5s, the main differences appear to be: 

• The more stringent data inclusion criteria applied to the present dataset, and 
• Use of the NOEC of 0.05 ng/L from the Larsen et al. (2008) study.  
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Table 11 Comparison of HC5/PNEC values for EE2  

Dataset Lowest 
NOEC 
or HC5 
(ng/L) 

HC5 
confidence 
limits (ng/L) 

AF1 PNEC Model used 

Deterministic 0.05 - 10 0.005 NA 

Present dataset 
(five fish and one 
amphibian 
species) 

0.0288 0.000155 – 
0.186 

5 0.00576 Model average, 
ssdtools v. 
1.0.2 

Matthiessen et al. 
2017 (eight fish 
species) 

0.047 Not reported 5 0.0094 Not reported 

JRC 2022 (eight 
fish and two 
amphibian 
species) 

0.0869 0.0191 – 
0.5491 

5 0.017 Log-normal. 
Bootstrap 
methods. R 
version: 3.2.3.; 
fitdistrplus 
Package 
version 1.0.14 

1 Default AF applied 

The studies that were considered reliable and relevant in the present assessment, and 
those considered reliable by JRC (2022) and Matthiessen et al. (2017) for use in an SSD, 
are compared in the Table 12. The differences between the NOECs chosen for inclusion in 
the SSD for each assessment are discussed in Section 56. 
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Table 12 Comparison of NOEC values (ng/L) selected for inclusion in an SSD for 
EE2 

Species NOEC values selected for SSD (Endpoint) (Reference) 

This report JRC, 2022 Matthiessen et al., 2017 

X. tropicalis 1.77 (sex ratio) (Pettersson and Berg, 
2007) 

No studies included 

Danio rerio 0.05 (sex ratio) 
(Larsen et al., 
2008) 

0.3 (reproduction) 
(Wenzel et al., 
2001) 

0.21*(fertility) (Signer et al., 
2003; Schäfers et al., 
2007; Larsen et al., 2008)  

Pimephales 
promelas 

0.76 (reproduction) (Länge et al., 2001) 0.86* (reproduction) 
(Länge et al., 2001; Parrott 
and Blunt, 2005) 

Gobiocypris 
rarus 

No studies 
included 

0.09 est (fertility/sex ratio) (Zha et al., 2008) 

Rutilus rutilus No studies 
included 

0.3 (sex reversal) 
(Lange et al., 2008) 

No studies included 

Oncorhynchus 
mykiss 

0.4 estimated 
(juvenile mortality) 
(Brown et al., 
2007)  

8 (juvenile 
mortality) (Schultz 
et al., 2003) 

0.4 estimated (juvenile 
mortality) (Brown et al., 
2007) 

Cyprinodon 
variegatus 

18.1 (reproduction) (Zillioux et al., 
2001) 

No studies included 

Poecilia 
reticulata 

44 (reproduction/sex ratio) (Kristensen et al., 2005; Nielsen and 
Baartrup, 2006) 

Oryzias latipes No studies 
included 

1.0 (reproduction) 
(Schultz & Gutzeit, 
2000) 

2.0 (reproduction) (Balch et 
al., 2004) 

Pomatoschistus 
minutus 

No studies 
included 

No studies included 3.0 est 
(reproduction/fertility) 
(Robinson et al., 2003) 
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Species NOEC values selected for SSD (Endpoint) (Reference) 

This report JRC, 2022 Matthiessen et al., 2017 

Fundulus 
heteroclitus 

No studies 
included 

No studies included 10 (fertility/hatch/sex ratio) 
(Peters et al., 2010) 

est: estimated from LOEC/2 
* geometric mean value 

Overall, despite the relatively large vertebrate dataset for EE2, the NOECs from only six 
species were considered suitable for use in generating an SSD for the present 
assessment. Other assessors (Matthiessen et al., 2017; JRC, 2022) have attempted to 
maximise the dataset by being less strict with the data assessment (e.g. inclusion of LOEC 
values and results from studies based on nominal, or fewer than three test 
concentrations). While this larger dataset generates more statistically robust outcomes 
from the probabilistic assessment (e.g. narrower confidence limits around the HC5), the 
equivocal reliability and relevance of the data used in the assessment (particularly studies 
with significant effects at the lowest test concentration) could be argued to undermine the 
outcomes to an equal extent. It is also unclear why the Larsen et al. (2008) NOEC of 
0.05 ng/L based on both fertility and sex ratio was not a driving value in either of the 
previous assessments. However, arguably this NOEC is precautionary since there is a 
factor of 10 between the treatments in this study. The lowest NOECs for both population-
relevant and biomarker endpoints were from this study (See Figure 6). 

The main concerns for the probabilistic assessment are: 

• the lack of robust data designed for regulatory purposes leading to studies with 
unbounded NOECs, lack of analytical verification, and wide spacing of concentration 
ranges,  

• the small dataset, and 
• the inclusion of data from potentially insensitive studies. 

While the conduct of a new multigeneration regulatory standard fish study with EE2 with a 
different species (e.g. a MEOGRT) could potentially reduce the uncertainties in a 
probabilistic risk assessment, especially at the low end of the SSD, the overall benefit may 
be limited because the dataset would still be small, and the other NOEC values would still 
have the same data quality issues. 

It is therefore recommended that for EE2 a deterministic approach is followed. The 
existing dataset can then be used in a more qualified manner to refine the applied AF. 
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5.3 Summary and conclusion 
The synthetic steroid hormone EE2 is known to be a highly potent ER agonist. Based on 
its MoA, fish and amphibians were considered to be the most sensitive taxa, because they 
have functioning ERs and changes in relevant endpoints confirm this endocrine activity 
(i.e. VTG induction in male fish, female bias in sex ratio). The aim of this element of the 
assessment was to evaluate the potential for updating a probabilistic HC5 value for EE2 
derived for fish in Matthiessen et al. (2017). The reliability in this dataset was re-evaluated 
to be consistent with the approach taken in the present assessment for NP and OP. Data 
from a recent literature search, chronic fish and amphibian studies reported in JRC (2022) 
and EC (2002) were also considered in the present assessment.  

Despite a relatively extensive chronic EE2 dataset for fish and amphibians, only nine 
OECD CF Level 4 or 5 studies were considered reliable and relevant for PNEC derivation. 
Several studies were considered not relevant for PNEC derivation because a clear 
(bounded) NOEC could not be established, with effects reported at the lowest exposure 
concentration, and for which a NOEC could not be reliably estimated from the LOEC. The 
lowest reliable and relevant NOEC for EE2 was 0.05 ng/L based on sex ratio in a life cycle 
study with D. rerio (Larsen et al., 2008).  

The appropriateness of this dataset for deriving a PNEC suitable for deriving threshold 
values for an EDC was evaluated against the SETAC Pellston Workshop® criteria. 
Although the dataset included multiple multigeneration studies exposing sensitive life 
stages without convincing evidence of NMDR or delayed effects, there were issues with 
the dataset because it was only possible to derive NOEC values for six species. For one of 
these species (On. mykiss), the NOEC was estimated. The two least sensitive species in 
the dataset were the guppy, P. reticulata, and the Sheepshead minnow, C. variegatus. 
Although the available studies were life cycle or partial life cycle tests there was no chronic 
exposure during early embryo life-stages in these tests, which may also have included the 
sensitive window of sexual differentiation. It is therefore likely that the experimental design 
of these tests was not sufficiently sensitive to detect the ER agonist mechanism of action.  

Although the biomarker endpoints for ER agonist activity (i.e. VTG induction, SSC, gonad 
histopathology) typically followed a concentration response, effects on these endpoints 
were usually observed at the lowest or adjacent to the lowest tested concentration (even in 
studies where a NOEC for population-relevant endpoints was obtained). The lowest NOEC 
for a biomarker endpoint was 0.025 ng/L (derived from the LOEC/2) for SSC from the 
same study with D. rerio as the lowest NOEC for a population-relevant endpoint.  

Despite the number of studies, the dataset for EE2 does not appear to meet all the SETAC 
Pellston Workshop® criteria for conducting a risk assessment due to unbounded studies 
making a threshold level difficult to define and potentially insensitive studies for the live 
bearers and estuarine species. The issues appear to be related more to experimental 
design (because published studies were not conducted for regulatory purposes) rather 
than not being able to derive an ETNC. Nevertheless, a threshold value does appear to be 
plausible as there were no effects of EE2 at concentrations below 0.01 ng/L. 
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PNECs have been derived using deterministic and probabilistic approaches. A 
deterministic PNEC of 0.005 ng/L was derived by applying a default AF of 10 to the lowest 
NOEC value of 0.05 ng/L, following standard risk assessment approaches. An AF of 10 is 
protective for the NOECs (or LOECs/2) for “biomarker” responses. 

A model average HC5 for fish and amphibians of 0.0228 ng/L, with confidence limits of 
0.00372 ng/L to 0.974 ng/L, was derived. There are wide confidence intervals for all HC5 
values because of challenges in fitting a model to the data. Using a default AF of 5, the 
PNEC of 0.00576 ng/L is similar to the deterministic PNEC. 

The PNECs derived in the present assessment are lower compared with the EU EQS of 
0.17 ng/L and a PNEC derived using the HC5 from the SETAC Pellston Workshop® 
(0.0094 ng/L). Although the strict criteria applied to the present dataset explains some of 
the differences, the main reason was that the other assessments did not use the NOEC 
from the fish life cycle study with D. rerio (Larsen et al., 2008). This NOEC is more 
precautionary because there was a factor of 10 spacing between the test concentrations.  

Given the availability of fish studies with EE2 it may be possible to justify reducing the 
default AFs proposed above. AFs are discussed further in Section 77. 
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6. Reflections on findings for NP, OP and EE2 

6.1 Data for use in PNEC derivation for ER agonists 
Reliable ecotoxicity data have been compiled for NP, OP and EE2. These substances are 
recognised EDCs and have an ER agonist MoA. SETAC Pellston Workshop® criteria were 
applied to the datasets to determine whether they were suitable for PNEC derivation 
based on effects in OECD CF Level 4 and 5 studies (Matthiessen et al., 2017). 

For NP and OP both vertebrate and invertebrate data were used to maximise the dataset, 
even though invertebrates are not known to be affected by an ER agonist MoA. For both 
substances, however, the most sensitive NOECs were from fish studies, and inclusion of 
invertebrate data in the SSD led to HC5 values that were arguably not sufficiently 
precautionary. In addition, for NP there were only three reliable fish NOECs so it was not 
possible to derive a probabilistic PNEC based on vertebrate data only. The most sensitive 
NOECs in the NP dataset were from multigeneration studies (Watanabe et al., 2017; 
Schwaiger et al., 2002 (the latter as supporting information only)) suggesting that the 
dataset for deriving a PNEC for an EDC should include an OECD CF Level 5 fish study. 
Although the lowest NOEC in the OP dataset was from a Level 4 fish study there were 
multigeneration fish studies in the dataset which improves confidence in the HC5 value. 

The dataset for EE2 only included vertebrate NOECs. However, there were issues with the 
dataset related to experimental design. NOECs from fish studies initially classified as 
OECD CF Level 4 or 5 studies were relatively insensitive to the oestrogenic effects of EE2 
because the sensitive embryo life stages were not exposed. In the case of the Level 5 test, 
it was a test where F0 generation embryos were not exposed, but F1 were, although only 
to 7 dph (this shows that careful attention should be paid to the treatment of non-standard 
studies and which CF Level they should be assigned to). Also, most of the studies were 
not generated for regulatory purposes and there were issues with unbounded NOECs and 
wide spacing of test concentrations which reduces confidence in the experimental NOEC 
value in some cases. This was reflected in the SSD where wide confidence intervals were 
reported (Table 13). In contrast there was much more confidence in the SSD for OP which 
was based on regulatory style tests generated as part of test guideline validations. 

Table 13 HC5 values and confidence limits for OP and EE2 

Substance Number 
of 
species 

HC5  Confidence 
limits 

 Unit Difference in 
confidence 
limits 

Model 

OP 6 3.87 2.04 – 6.56 µg/L 3.2-fold Model 
average, 
ssdtools 
v 1.0.2 

EE2 6a 0.0288 0.00372 – 0.974 ng/L 262-fold 
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a Included insensitive NOECs from studies without embryo exposure 

It is worth noting that the SSDs for both OP and EE2 were based on a minimum ssdtools 
dataset of six vertebrate species. For small datasets, ssdtools provides a way of 
considering different model fits to the data and improved confidence by using a consensus 
model average fit. These substances have relatively rich datasets, and it is unlikely that 
there will be enough data available for most other EDCs to generate an SSD. It is also not 
ethically justified to generate such datasets by increased testing of vertebrates. Therefore, 
a deterministic approach will be required for most substances. However, the conclusion 
from this analysis would be that the dataset for deriving a PNEC for an EDC would at a 
minimum include a fish test with exposure of embryo life stages, and ideally a 
multigeneration fish study. 

6.2 Assessment factors 
The PNECs for NP, OP and EE2 are given in Table 14 including the vertebrate dataset on 
which the PNEC is based. 

Table 14 PNECs for NP, OP and EE2 

Substance Type of 
PNEC 

PNEC 
value 

Biomarker 
NOEC 

 Unit AF Vertebrate dataset 

NP Deterministic 0.064 0.4 µg/L 10 1 MEOGRT 

2 FELS 

OP Deterministic 0.61 1 µg/L 10 7 FSDT  

1 FELS 

3 LAGDA 

1 MEOGRT 

1 FLCTT 

Probabilistic 0.77 µg/L 5 

EE2 Deterministic 0.005 0.025 ng/L 10 2 Level 4 with fish1 

1 Level 4 with 
Amphibian 

5 FLCTT1 

Probabilistic 0.006 ng/L 5 

1 Included insensitive NOECs from studies without embryo exposure 
PNEC values in bold text are those selected for use.  
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For the deterministic assessment a default AF of 10 is applied to the lowest NOEC, 
whereas for the probabilistic assessment a default AF of 5 is applied to the HC5 value, due 
to the more comprehensive dataset. This is consistent with the approach for other 
chemicals, where the regulatory data set is assumed to be protective of the aquatic 
environment even if the MoA is not known. The derived PNECs are protective for 
biomarker effects in all cases. Biomarker effects are often observed at the same or at 
lower test concentrations compared with population level effects. We suggest that no 
additional AFs are required for the present datasets to account for ED. In fact, there is a 
case for potentially reducing the AF for EE2 based on the number of fish studies available 
and because the NOEC from the driving study is already precautionary because test 
concentrations are separated by a factor of 10. For the deterministic assessment for EE2 
an AF of 5 rather than 10 would give a PNEC of 0.01 ng/L which is more aligned with the 
EU EQS (JRC, 2022), is protective for biomarker endpoints and is justified by the number 
of fish studies including an assessment of the dataset against SETAC Pellston Workshop® 
criteria. Nevertheless, for a PNEC derived for REACH purposes, an AF below 10 is only 
used for a SSD derived probabilistic PNEC, and not for a deterministic PNEC. 

A caveat to the above is that none of the datasets include marine species. Whilst this does 
not affect the derivation of PNECs for surface water, this would need to be considered 
further for marine scenarios. Also, most of the fish studies are based on small, rapidly 
growing fish species that are used in standard test guideline studies. A study using the 
longer-lived species On. mykiss for OP provided the most sensitive NOEC in the dataset 
despite being the result from a Level 4 FELS test (ABC labs, 1984, cited in EA 2005 and 
ECHA 2011). There is only one study for EE2 that reports effects in a species with an 
alternative reproductive strategy (live bearer) (Nielsen and Baartrup, 2006; Kristensen et 
al., 2005) and it is unclear whether the test design was adequate to capture ER agonist 
effects as there was no maternal exposure. 

Overall, default AFs appear to be acceptable for the ER agonist MoA when applied to the 
lowest NOEC from a dataset which includes an OECD CF Level 5 fish study. Expert 
judgement can potentially be used to refine these AFs using mechanistic data and the 
SETAC Pellston Workshop® criteria to support the arguments. 

6.3 Environmental Threshold of No Concern 
One of the aims of this project was to consider whether an ETNC is appropriate for the ER 
agonist MoA. The PNECs derived for NP, OP and EE2 suggest that thresholds can be 
defined on an individual substance basis, with values of 770, 64 and 0.005 ng/L for OP, 
NP and EE2, respectively, reflecting the increasing potency of the substances. Information 
on the endocrine activity of all the substances included in the review (NP, OP, EE2 and 
the eight validation substances), based on data extracted from the CompTox dashboard, 
is given in Appendix 218 (Table 56). The synthetic steroid hormone EE2 has very high 
affinity to the ER, with a potency in the US EPA Bioactivity model of 1, setting the 
benchmark against which other ER agonist substances are assessed. In in vitro assays, 
EE2 causes effects at concentrations several orders of magnitude lower than NP or OP. 
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An example (shown in Table 15) is for the O. latipes ERα where the EC50 for EE2 is 
0.00009 µM compared with 0.022 µM and 0.023 µM for NP and OP, respectively (based 
on data from Onishi et al., 2020 and Kawashima et al., 2021). Other ER agonist 
substances such as bisphenol A (BPA) or methyl paraben and propyl paraben show lower 
activity via the fish ERα than NP or OP. ER agonist activity in the O. latipes ERα has been 
shown to give a similar outcome to the ToxCast bioactivity model result (Brown et al., 
2023). There also appears to be some relationship between ER agonist activity in vitro and 
effects on VTG in FSTRA studies with O. latipes (FSTRA data from Onishi et al., 2020 and 
Kawashima et al., 2021), with notable exceptions for BPA and benzophenone-2 which 
were not as sensitive as might be expected for VTG induction. Other factors such as 
differences in adsorption, distribution and metabolism or an alternative MoA may affect the 
in vivo response (Ankley et al., 2016; Brown et al., 2023).  

It is worth noting that the US EPA Bioactivity model outputs and medaka ERα are in vitro 
screening level data only. Consideration of all available data is likely to give a more 
informed assessment of endocrine activity and relative potency. For example, the data for 
medaka ERα activity suggests that OP and NP have equivalent potency for the ER, 
whereas consideration of the Bioactivity model results and in vivo VTG data confirms the 
lower potency of OP. 

Table 15 Summary of ER agonist activity in the ToxCast Bioactivity model, in vitro in 
fish receptor assays and in vivo in FSTRA with medaka (O. latipes)  

Substance Bioactivity 
model result 

Medaka ERα 
(EC50) µMa 

LOEC for VTG induction in 
a FSTRA with O. latipes 
(µg/L) 

EE2 1.0 0.00009 0.018 

Bisphenol A b 0.450 0.086 4 670 

NP 0.435 0.023 5.63 

OP 0.393 0.022 82.3 

Benzophenone-2 0.397 1.6 9 530 

4-tert-
Pentylphenol 

0.282 0.97 58.4 

Propyl paraben 0.205 7 311 

Pendimethalin 0.066 3.3 100 
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Substance Bioactivity 
model result 

Medaka ERα 
(EC50) µMa 

LOEC for VTG induction in 
a FSTRA with O. latipes 
(µg/L) 

4-Chloro-3-
methylphenol 

0.029 61 1 060 

Methyl paraben 0.0068 70 1 900 
a Based on data reported in Onishi et al., (2020), Kawashima et al., (2021) and/or Brown et 
al., (2023) 
b No effect in the absence of systemic toxicity 

An initial assessment of the data for EE2 suggested that it may not be possible to derive 
an ETNC for a substance with such high potency for the ER. However, a threshold level 
does appear to exist, albeit at very low concentrations (Figure 6). The present analysis 
highlights the importance of well-designed ecotoxicity studies for demonstrating these 
threshold levels. These conclusions align with an UBA (2014) review of PNEC derivation 
for EDCs, where they consider that at least for the EAS MoA, the vertebrate tests covered 
by the OECD CF are adequate for use as part of a tiered testing strategy. They also 
consider that low dose effects, NMDR and behavioural effects should be adequately 
captured in the regulatory fish and amphibian tests. 

Given the relationship between potency and the ER agonist MoA it is expected that 
receptor mediated activity in vitro could be used as supporting information for PNEC 
refinement in the following scenarios: 

• Where a PNEC is being derived for a substance with a known MoA based on a 
limited in vivo dataset.  

• To check the relevance of a PNEC (chemicals acting as ER agonists would 
generally not be expected to have lower PNECs than the EE2 threshold of 
0.005 ng/L). 

• As supporting information for using read across in PNEC derivation. 

Although the combined datasets for OP and NP did not improve the PNEC assessment for 
either substance, it did suggest that data for a more potent substance could be used to 
derive a PNEC for a structurally similar substance with a similar endocrine mechanism but 
lower potency. In vitro data on potency could be used to support this approach. 
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7. Exploration of PNEC derivation for 
additional EDCs 

7.1 Proposed AFs to be applied to a limited ED dataset  
In this section, we use the findings for NP, OP and EE2 to propose potential AFs that 
could be used to derive deterministic PNECs for suspected EDCs that are data poor. 
Although the three case study substances are all ER agonists, any proposed approach 
would be expected to be relevant for other EAS mechanisms since the fish test endpoints 
covered in the OECD CF are designed to cover all these pathways. For NP, OP and EE2 
fish were the most sensitive species in the dataset (when appropriate test designs were 
included). In all cases application of an AF of 10 to the lowest NOEC from a dataset which 
includes a multigeneration fish study (OECD CF Level 5) was considered protective of 
other species (amphibians and invertebrates) as well as biomarker endpoints for the 
endocrine mechanism of concern. Therefore, this is a useful starting point for development 
of a proposal for AFs to be applied to a limited dataset. It is emphasised that these AFs 
are not proposed to apply to thyroid MoAs. 

There is a precedent for the application of an AF of 10 to the NOEC from a Level 5 fish 
study for endocrine active substances in the environmental risk assessment for 
pharmaceuticals (European Medicines Agency (EMA), 2018). 

An additional AF of 10 is then proposed based on available data at progressively lower 
OECD CF Levels as indicated in Table 16. 

Table 16 Proposed AFs for the deterministic assessment of an EDC with limited data 
availability 

Available data Assessment factor 

At least one NOEC/EC10 from a Level 3 fish study  1 000 a 

One NOEC/EC10 from a Level 4 fish study  100 b  

One NOEC/EC10 from a Level 5 fish study 10 c 
a The use of an AF of 1 000 on Level 3 fish toxicity data is aimed at being a protective 
factor based on the low resolution of a study which is designed for screening purposes. 
b An AF of 100 applies to a single long-term Level 4 result (e.g. EC10 or NOEC) for fish 
only, as the taxonomic group expected to be sensitive to an EAS mediated MoA. The 
Level 4 fish study must include chronic exposure of embryos (FELS test as a minimum). 
c It is assumed that a Level 5 fish study will include more comprehensive data on 
endocrine relevant endpoints as well as covering extensive parts of the life cycle of the 
organism and therefore a lower AF of 10 can be applied to the NOEC/EC10 from this study. 
The Level 5 study must include chronic embryo exposure.  
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This approach is consistent with the general principles of the existing REACH technical 
guidance for deriving PNECs for chemicals with limited ecotoxicity datasets (ECHA, 2008). 
The guidance recommends the application of high precautionary AFs when the amount of 
data is restricted to short-term studies with algae, invertebrates and fish. The difference in 
the case of derivation of PNECs for EDCs is that the available data generally refer to 
“longer-term” (chronic) endpoints from OECD CF Level 3 or higher studies (most 
commonly with fish). The expectation is that there will be OECD CF Level 4 or 5 fish data 
available for deriving a PNEC for an EDC that is identified as an SVHC. Nevertheless, 
there may be scenarios where a Level 3 FSTRA is the only test available (e.g. if read 
across arguments are being made as part of a grouping assessment). This study is not 
usually considered for deriving a PNEC because the study design has low resolution due 
to wide spacing of test concentrations and a low level of within-treatment replication. 
However, for the purpose of this investigation, the proposed use of a FSTRA in deriving a 
precautionary PNEC for EDCs can be considered equivalent to use of acute toxicity data 
for deriving an aquatic PNEC for substances with a non-specific MoA (ECHA, 2008). This 
PNEC would be used as part of a screening level approach with the assumption that 
confirmatory higher tier testing would subsequently be conducted if a risk were identified 
(unless the risk can be removed through provision of other data, such as environmental 
degradation half-lives or better release estimates). 

Even though a substance may have endocrine activity, it should not be assumed that fish 
will necessarily always be the most sensitive species in the dataset. For investigating 
effects via EAS modalities, it is usually recommended to conduct tests with fish (OECD, 
2018, EFSA/ECHA, 2018) but equivalent tests in amphibians could be considered equally 
relevant for PNEC derivation (where already available and if EAS mediated parameters 
are covered). The LAGDA is an OECD CF Level 4 study which incorporates sex ratio and 
could be considered equivalent to an FSDT. The available information based on OP and 
EE2 suggests that the PNEC derived by applying an AF of 100 to the available Level 4 
amphibian data would be lower than the lowest NOEC for fish in the respective datasets. 
Therefore, in theory the suggested approach could be based on “aquatic vertebrates” 
rather than fish. However, testing with amphibians is usually only recommended for 
substances acting via the thyroid (OECD, 2018; EFSA/ECHA, 2018) and there are likely to 
be few substances acting via EAS modalities which have relevant amphibian data to 
validate the proposed approach for EAS. In addition, the available data for amphibians 
suggests lower sensitivity compared with fish for the case study substances (possibly 
related to test design) and therefore fish are preferred for deriving a PNEC for an EDC 
acting via EAS modalities.  

For the NP, OP and EE2 evaluations, most studies were reported based on the NOEC, 
and therefore NOEC values were generally used in the assessment. This is partly because 
the data were from older academic literature (few regulatory study reports were reviewed 
as part of this assessment). Conversion of NOEC values to EC10 values was beyond the 
scope of the present project and for some studies is not possible due to a lack of raw data 
availability and limited reporting. It is acknowledged that use of EC10 values may have 
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reduced some of the uncertainties in the data resulting from unbounded studies or from 
studies with wide test concentration ranges, and is generally considered best practice for 
contemporary risk assessment. The proposed approach is therefore based on either a 
NOEC or EC10 value. 

Unlike chemicals with non-specific MoAs (e.g. non-polar narcotics), EDCs have a known 
MoA and supporting biomarker information (based on endpoints such as VTG, SSC or 
gonad histopathology) is expected to be available for SVHCs (since they will form part of 
the scientific case for their identification). In this assessment these mechanistic endpoints 
are used for context as part of PNEC derivation. While the PNEC does not need to be 
protective for mechanistic effects (as changes in biomarker endpoints do not necessarily 
lead to a population-relevant outcome), if the proposed PNEC is lower than the NOEC for 
mechanistic effects then it could be assumed that it will be protective for population level 
effects in untested species. Sex ratio is an example of a population-relevant endpoint 
which is also indicative for mechanistic effects (EAS mediated). Where sex ratio is affected 
at a lower test concentration compared with biomarker endpoints, the NOEC for sex ratio 
will be used as the NOEC for mechanistic effects. For the reasons outlined above, a 
sufficient dataset is based on a fish study incorporating relevant mechanistic endpoints.  

These proposed AFs were then applied to datasets compiled for eight validation 
substances with suspected endocrine activity (including three with ER agonist activity). 
Deterministic PNECs have been derived for the validation substances based on the 
substance-specific maximum available dataset but also, where possible, considerations 
have been made for a scenario where less data are available. The outcomes from the data 
assessments of the validation substances have been evaluated as follows: 

1. Proposed deterministic PNECs for addressing the ED properties compared with 
deterministic PNECs derived following ECHA (2008) (i.e. including algae and 
invertebrate data). The ECHA (2008) PNEC will use the lowest NOEC value for fish; 

2. Proposed PNECs for addressing the ED properties derived with the maximum 
available dataset compared with potential PNECs that would result if less data were 
available (i.e. PNECs based on single/or limited OECD CF Level 3, 4 or 5 
dataset(s)); and 

3. Proposed PNECs for addressing the ED properties compared with the driving ED-
relevant NOEC based on mechanistic endpoints. 

7.2 Alternative proposals for an additional “ED” AF 
A recent paper suggests the use of additional default AFs on top of the standard default 
AFs to account for ED properties (James et al., 2023). The paper’s authors argue that 
even for substances with an EU EQS, the ED properties have not been considered as part 
of the assessment. The authors propose the application of an additional AF of at least 5 to 
all confirmed EDCs or at least 10 for EDCs which do not include relevant ED endpoints in 
the dataset (the authors specifically refer to ED-mediated endpoints). Slightly lower AFs 
(up to 4) are proposed for suspected EDCs (equivalent to EU CLP category 2, EC, 2023), 
but these are also in addition to default AFs. There is a caveat that expert judgement can 
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be used when applying the AFs. A decision tree for applying AFs for EDC PNEC 
derivation adapted from James et al. (2023) is given in Appendix 221.  

The definition for “ED mediated effects” is not clearly presented by James et al. (2023). 
According to existing regulatory guidance (ECHA/EFSA, 2018 and OECD, 2018), EAS 
mediated endpoints are generally (although not always, see Marini et al., 2023) indicative 
for an endocrine MoA. These would be, for example, male SSC, specific gonad 
histopathology, sex ratio or transcriptional activity of cyp19a1b for EAS modalities in 
relevant fish tests.  

Based on the analysis conducted for this report, some observations can be made on the 
proposals from James et al. (2023). Firstly, the inclusion of EAS mediated endpoints does 
not necessarily mean that a study is sufficiently sensitive for PNEC derivation (e.g. if 
embryo life stages have not been exposed), and conversely, exclusion of EAS meditated 
endpoints does not mean that a study cannot be used for PNEC derivation if 
multigeneration developmental and reproductive endpoints are available. Furthermore, the 
datasets for NP, OP and EE2 suggest an additional AF may not be justified where the ED 
properties have already been accounted for in multigeneration studies.  

To understand how the proposals from James et al. (2023) would impact the PNECs for 
EDCs, the decision tree in Appendix 221 has been followed for the eight validation 
substances and compared with the PNEC derived using the approach proposed in Section 
82. For each validation substance there is therefore an additional PNEC addressing the 
ED properties according to James et al. (2023). James et al. (2023) also requires that at 
least two endocrine mechanisms (usually EAS and T modalities) have been fully 
addressed when applying a minimal AF. While this is not necessarily the case for the 
validation substances, they were chosen based on a specific ED MoA and therefore for 
the purpose of this exercise it is assumed that this is the only ED concern. All the 
validation substances are also assumed to be confirmed rather than suspected ED 
(although a formal regulatory ED assessment may not have been conducted). 

7.3 Validation exercise results 
The datasets are taken from existing compilations and were not independently assessed 
for quality as part of this report. 

7.3.1 Propyl paraben 

Propyl paraben has ER agonist activity. It shows lower potency in vitro compared with NP 
and OP (Table 15). The available ecotoxicity dataset is shown in Table 17 (with additional 
details in Appendix 226.). 

  



86 of 257 

Table 17 NOEC dataset applied for PNEC derivation for propyl paraben 

Species Study type NOEC (µg/L) 

Algae 
(Raphidocelis subcapitata) 

Growth inhibition 
(OECD TG 201) 

2 100  

Daphnia magna Reproduction (OECD 
TG 211) 

250  

Fish QSAR1 406 

Fish Level 3 (O. latipes) FSTRA (OECD TG 
229) 

< 311 (male VTG induction) 

311 (reduction in no. of fertilised 
eggs) 

Fish Level 4 (D. rerio) FSDT (OECD TG 
234) 

165 (based on sex ratio and % 
females) 

≥ 518 (% males and female 
VTG content) 

1 Chronic fish toxicity data were based on a quantitative structure-activity relationship 
(QSAR) model estimates using Ecological Structure Activity Relationships (ECOSAR) 
Predictive Model. The model is based on acute to chronic ratios and is not expected to 
account for an ED MoA. 

PNECs were derived to account for ED properties by applying the AFs proposed in Table 
16 to the NOECs in Table 17. The PNECs are compared with a deterministic PNEC 
derived according to ECHA (2008), including with an additional AF following the decision 
tree in James et al. (2023). The PNECs are given in Table 18. 

Table 18 PNECs for propyl paraben 

Basis for PNEC Assessment 
factor 

PNECs 

Lowest NOEC algae, 
Daphnia and fish (ECHA, 
2008) 

10 FSDT NOEC = 165/10 = 17 µg/L  

James et al. (2023) 10 AND 5 FSDT includes sex ratio (EAS-mediated) 
17/5 = 3.4 µg/L 

https://www.epa.gov/tsca-screening-tools/ecological-structure-activity-relationships-ecosar-predictive-model#:%7E:text=Control%20Act%20(TSCA)-,Ecological%20Structure%20Activity%20Relationships%20(ECOSAR)%20Predictive%20Model,system%20that%20estimates%20aquatic%20toxicity.
https://www.epa.gov/tsca-screening-tools/ecological-structure-activity-relationships-ecosar-predictive-model#:%7E:text=Control%20Act%20(TSCA)-,Ecological%20Structure%20Activity%20Relationships%20(ECOSAR)%20Predictive%20Model,system%20that%20estimates%20aquatic%20toxicity.
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Basis for PNEC Assessment 
factor 

PNECs 

One NOEC from a Level 
3 fish study (Level 3 
PNEC) 

1 000 FSTRA NOEC = 311/1 000 = 0.31 µg/L 

One NOEC/EC10 from a 
Level 4 fish study (Level 
4 PNEC) 

100 FSDT NOEC = 165/100 = 1.7 µg/L 

NOEC for mechanistic effects 165 µg/L (female biased sex ratio in the 
FSDT) 

 

The PNECs derived for propyl paraben to account for ED properties are more protective 
compared with the PNEC derived according to ECHA (2008), which was also based on the 
available fish NOEC from the FSDT. A PNEC derived using a FSTRA study is an order of 
magnitude lower compared with the PNEC derived using the substance-specific maximum 
available dataset (i.e. using the result from the FSDT). A PNEC of 1.7 µg/L derived using 
the most comprehensive fish study would appear reasonable compared with the PNECs of 
0.064 µg/L for NP and 0.61 µg/L OP, based on the lower potency of propyl paraben for the 
ER agonist mechanism. Propyl paraben is less potent than NP and OP by two orders of 
magnitude, based on in vitro fish-specific ER receptor binding affinity, and the NOEC from 
an FSDT is more than 100 µg/L higher than the NOECs for NP and OP from similar FSDT 
studies (31 µg/L, Horie et al., 2021; and 23.7 µg/L, Seki et al., 2003, respectively). All 
PNECs derived for propyl paraben are protective for mechanistic effects. Overall, the 
approach would appear acceptable for propyl paraben but does not suggest that the AF 
applied to a Level 4 test could be reduced. A PNEC derived following the James et al. 
(2023) decision tree is less precautionary than the approach proposed in this report. 

Since the FSDT has demonstrated an effect on sex ratio which is linked to the ED 
mechanism it is considered sufficient for assessing the effects of propyl paraben assuming 
that the (Level 4) AF applied accounts for other potential ED effects which might be 
detected in a Level 5 study incorporating effects on reproduction. 

7.3.2 Methyl paraben 

Methyl paraben has ER agonist activity. It shows lower potency in vitro compared with NP 
and OP and propyl paraben (Table 15). The dataset for PNEC derivation is shown in Table 
19 (with further details in Appendix 222). 
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Table 19 NOEC data for PNEC derivation for methyl paraben 

Species Study type NOEC (µg/L) 

Algae (R. 
subcapitata) 

Growth inhibition (OECD 
TG 201) 

20 000  

Daphnia magna Reproduction (OECD 
TG 211) 

200  

Fish  QSAR1 1 190 

Fish Level 3 (O. 
latipes) 

FSTRA (OECD TG 229) 1 900 (reduction in number of 
fertilised eggs) 

357 (male VTG induction) 

Fish Level 4 (D. 
rerio) 

FSDT (OECD TG 234) 24 (based on total survival and wet 
weight of all fish at 70 days post 
fertilisation) 

7.96 (female VTG induction) 
1 Chronic fish toxicity data were based on quantitative structure-activity relationship 
(QSAR) model estimates using Ecological Structure Activity Relationships (ECOSAR) 
Predictive Model. The model is based on acute to chronic ratios and is not expected to 
account for an ED MoA. 

PNECs to address ED properties were derived by applying the AFs proposed in Table 16 
to the NOECs in Table 19. These PNECs are compared with a deterministic PNEC derived 
according to ECHA (2008), including with an additional AF following the decision tree in 
James et al. (2023). The PNECs are given in Table 20. 

Table 20 PNECs for methyl paraben 

Basis for PNEC Assessment 
factor 

PNECs 

Lowest NOEC algae, 
Daphnia and fish (ECHA, 
2008)  

10 FSDT NOEC = 24/10 = 2.4 µg/L  

James et al. (2023) 10 AND 5 FSDT includes sex ratio (EAS-mediated) 
24/50 = 0.48 µg/L 

https://www.epa.gov/tsca-screening-tools/ecological-structure-activity-relationships-ecosar-predictive-model#:%7E:text=Control%20Act%20(TSCA)-,Ecological%20Structure%20Activity%20Relationships%20(ECOSAR)%20Predictive%20Model,system%20that%20estimates%20aquatic%20toxicity.
https://www.epa.gov/tsca-screening-tools/ecological-structure-activity-relationships-ecosar-predictive-model#:%7E:text=Control%20Act%20(TSCA)-,Ecological%20Structure%20Activity%20Relationships%20(ECOSAR)%20Predictive%20Model,system%20that%20estimates%20aquatic%20toxicity.
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Basis for PNEC Assessment 
factor 

PNECs 

One NOEC from a Level 
3 fish study (Level 3 
PNEC) 

1 000 FSTRA NOEC = 1 900/1 000 = 1.9 µg/L 

One NOEC/EC10 from a 
Level 4 fish study (Level 
4 PNEC) 

100 FSDT NOEC = 24/100 = 0.24 µg/L 

NOEC for mechanistic effects 7.96 µg/L (VTG induction in the female) 

The PNECs derived for methyl paraben to account for ED properties are all protective 
compared with a PNEC derived according to ECHA (2008). A PNEC derived using the 
FSTRA study is not protective compared with the PNEC derived using the result from the 
FSDT. This is because the FSDT was more sensitive than might be predicted based on 
ER agonist activity in vitro and effects in the FSTRA. A Level 4 PNEC of 0.24 µg/L derived 
using the FSDT is lower than PNECs for OP and propyl paraben which both show greater 
potency for the ER in vitro (Table 15). Nevertheless, both PNECs would appear protective 
for mechanistic effects (increased female VTG in the FSDT). Overall, the approach would 
appear acceptable for methyl paraben although this example suggests that endocrine 
activity in vitro is not necessarily predictive for toxicity in vivo. It is worth caveating that the 
reliability of the study was not independently verified and that there were issues 
maintaining the test item in solution due to its rapid biodegradability. It is not known 
whether the population-relevant effects in the FSDT (reduced hatching and survival) are 
endocrine related or due to another MoA (e.g. general systemic toxicity). For ER agonist 
activity, increased VTG in females usually occurs at the same or a higher test 
concentration compared with VTG induction in male fish (Brown et al., 2023). It is unclear 
whether a Level 5 test would have provided more certainty for concluding on a MoA.  

7.3.3 3-Benzylidene camphor  

3-Benzylidene camphor (3-BC) has ER agonist activity in mammalian cell lines in the 
range 0.68 – 310 µM (ECHA, 2016) but there are no in vitro data from ToxCast for 
comparison with the other ER agonist substances. The only in vivo data for 3-BC are from 
a Level 3 FSTRA, with a NOEC for reduced reproduction and effects on male VTG and 
SSC of 33 µg/L (ECHA, 2016). The effect on induction of male VTG can, however, be used 
as an indicator for potency. The LOEC values for VTG induction in FSTRA style studies 
are 4.52 µg/L for NP (Zha et al., 2008), 10 µg/L for OP (Routledge et al., 1998 ), 74 µg/L 
for 3-BC (ECHA, 2016), 311 µg/L for propyl paraben (Kawashima et al., 2021) and 1 900 
µg/L for methyl paraben (Kawashima et al., 2021), which suggests that the ER agonist 
potency for 3-BC is in the mid-range of the five ER agonist substances. The dataset for 3-
BC is shown in Table 21 (with further details in Appendix 228). 
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Table 21 NOEC data for PNEC derivation for 3-Benzylidene camphor  

Species Study type NOEC (µg/L) 

Algae  QSAR1  202 

Daphnia  QSAR1 33 

Fish QSAR1 26 

Fish Level 3 (P. 
promelas) 

FSTRA (OECD TG 
229) 

33 (reduced reproduction) 

0.5 (testis and ovary histology) 
1 Chronic algae, Daphnia and fish toxicity data were based on quantitative structure-
activity relationship (QSAR) model estimates using Ecological Structure Activity 
Relationships (ECOSAR) Predictive Model. The model is based on acute to chronic ratios 
and is not expected to account for an ED MoA. 

PNECs to address ED properties were derived by applying the AFs proposed in Table 16 
to the NOECs in Table 21. These PNECs are compared with a deterministic PNEC derived 
according to ECHA (2008), including with an additional AF following the decision tree in 
James et al. (2023). The PNECs are given in Table 22. 

Table 22 PNECs for 3-Benzylidene camphor 

Basis for PNEC Assessment 
factor 

PNECs 

Lowest NOEC algae, 
Daphnia and fish (ECHA, 
2008)  

10 Fish QSAR NOEC = 26/10 = 2.6 µg/L  

James et al. (2023) 10 AND 10 No EAS mediated endpoints 

26/100 = 0.26 µg/L 

One NOEC from a Level 
3 fish study (Level 3 
PNEC) 

1 000 FSTRA NOEC = 33/1 000 = 0.033 µg/L 

NOEC for mechanistic effects 0.5 µg/L (VTG induction in the female) 

A deterministic PNEC derived according to ECHA (2008) was based on quantitative 
structure-activity relationship (QSAR) estimates.  

https://www.epa.gov/tsca-screening-tools/ecological-structure-activity-relationships-ecosar-predictive-model#:%7E:text=Control%20Act%20(TSCA)-,Ecological%20Structure%20Activity%20Relationships%20(ECOSAR)%20Predictive%20Model,system%20that%20estimates%20aquatic%20toxicity.
https://www.epa.gov/tsca-screening-tools/ecological-structure-activity-relationships-ecosar-predictive-model#:%7E:text=Control%20Act%20(TSCA)-,Ecological%20Structure%20Activity%20Relationships%20(ECOSAR)%20Predictive%20Model,system%20that%20estimates%20aquatic%20toxicity.
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The PNEC derived for 3-BC to account for ED properties is protective compared with a 
PNEC derived according to ECHA (2008). The ECHA (2008) PNEC is based on QSAR 
model estimates that will not account for ED effects in fish, and this PNEC would not be 
protective for the effects on VTG in the FSTRA. The application of a default additional AF 
of 10 following the decision tree in James et al. (2023) would be protective for VTG effects.  

This PNEC based on the Level 3 FSTRA is lower than the deterministic PNEC for NP of 
0.064 µg/L. Based on the in vivo mechanistic data for VTG induction NP would be 
expected to be a more potent ER agonist compared with 3-BC and therefore the Level 3 
PNEC for 3-BC might be considered protective. However, there are considerable 
uncertainties in the assessment, inferred by the lack of data from a higher tier fish test. 
This example highlights the difficulties in attempting to predict toxicity in vivo from the 
mechanistic data. A higher tier fish test would normally be expected to be necessary for a 
sufficient dataset with the assumption that confirmatory higher tier testing would be 
conducted if a risk is identified (unless the risk can be removed through provision of other 
data, such as environmental degradation half-lives or release estimates). 

7.3.4 Fenbuconazole 

In the US EPA ToxCast assays fenbuconazole shows predominantly anti-androgenic 
activity (bioactivity model result = 0.129) and is positive for aromatase inhibition (AC50 = 
109.7 µM). The dataset for fenbuconazole is shown in Table 23 (with additional details in 
Appendix 230). 

Table 23 NOEC data for PNEC derivation for fenbuconazole 

Species Study type NOEC (µg/L) 

Algae (R. subcapitata) Growth inhibition 
(OECD TG 201) 

25  

Daphnia magna Reproduction (OECD 
TG 211) 

78 

Fish Level 4 (P. promelas) FELS (OECD TG 210) 82 (reduced growth) 

Fish Level 5 (P. promelas) FLCTT (OPPTS 
850.1500) 

23 (reproduction) 

PNECs to address ED properties were derived by applying the AFs proposed in Table 16 
to the NOECs in Table 23. These PNECs are compared with a deterministic PNEC derived 
according to ECHA (2008), including with an additional AF following the decision tree in 
James et al. (2023). The PNECs are given in Table 24. 
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Table 24 PNECs for fenbuconazole 

Basis for PNEC Assessment 
factor 

PNECs 

Lowest NOEC algae, 
Daphnia and fish (ECHA, 
2008)  

10 FLCTT NOEC = 23/10 = 2.3 µg/L  

James et al. (2023) 10 AND 10 No EAS mediated endpoints  

23/100 = 0.23 µg/L 

One NOEC/EC10 from a 
Level 4 fish study (Level 
4 PNEC) 

100 FELS NOEC = 82/100 = 0.82 µg/L 

One NOEC/EC10 from a 
Level 5 fish study (Level 
5 PNEC) 

10 FLCTT NOEC = 23/10 = 2.3 µg/L 

The PNECs derived for fenbuconazole to account for ED properties are the same as the 
deterministic PNEC derived according to ECHA (2008), because the result from a 
multigeneration test with fish is available. The PNEC derived using the FELS test is more 
protective compared with the PNEC derived using the FLCTT due to the additional AF.  

Following the decision tree proposed by James et al. (2023) an additional AF of 10 would 
potentially be applied to the ECHA (2008) PNEC to account for ED properties because no 
EAS mediated endpoints were included in the FLCTT. This is the lowest proposed PNEC. 
However, fenbuconazole would not necessarily be considered an ED based on the 
available data because there is no data available to indicate in vivo endocrine activity (i.e. 
confirm the endocrine MoA). Therefore, a fish study with mechanistic data is necessary for 
a sufficient dataset to confirm the ED properties. 

7.3.5 Cyproconazole 

Cyproconazole is positive for aromatase inhibition (AC50 = 33.9 µM) and inhibits the 
production of some steroid hormones including oestradiol, based on ToxCast data. It also 
has some inconclusive ER agonist activity with a bioactivity model result of 0.0268. The 
dataset used for cyproconazole is shown in Table 25 (with further details in Appendix 232). 
The available environmental studies for cyproconazole consist of duplicate similar tests for 
algae, invertebrates and fish with results differing by approximately an order of magnitude. 
The lowest of the duplicate NOECs have been used for PNEC derivation and are reported 
in Table 26. 
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Table 25 NOEC data for PNEC derivation for cyproconazole 

Species Study type NOEC (µg/L) 

Algae 
(Desmodesmussubspicatus) 

Growth inhibition (OECD TG 
201) 

21 

Daphnia magna Reproduction (OECD TG 
211) 

23  

Fish Level 3 (P. promelas) FSTRA (OECD TG 229) ≥ 2 000  

Fish Level 4 (On. mykiss) FELS (OECD TG 210) 160  

Fish Level 5 (P. promelas) FLCTT (OPPTS 850.1500) 125 (reproduction) 

500 (VTG inhibition) 

PNECs to address ED properties were derived for cyproconazole by applying the AFs 
proposed in Table 16 to the NOECs in Table 25. The PNECs are compared with a 
deterministic PNEC derived according to ECHA (2008), including with an additional AF 
following the decision tree in James et al. (2023). The PNECs are given in Table 26. 

Table 26 PNECs for cyproconazole 

Basis for PNEC Assessment 
factor 

PNECs 

Lowest NOEC algae, 
Daphnia and fish (ECHA, 
2008)  

10 Algae NOEC = 21/10 = 2.1 µg/L  

James et al. (2003) 10 AND 10 No EAS mediated endpoints 

21/100 = 0.21 µg/L 

One NOEC from a Level 3 
fish study (Level 3 PNEC) 

1 000 FSTRA NOEC = 2 000/1 000 = 2.0 µg/L 

One NOEC/EC10 from a 
Level 4 fish study (Level 4 
PNEC) 

100 FELS NOEC = 160/100 = 1.6 µg/L 
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Basis for PNEC Assessment 
factor 

PNECs 

One NOEC/EC10 from a 
Level 5 fish study (Level 5 
PNEC) 

10 FLCTT NOEC = 125/10 = 12.5 µg/L 

NOEC for mechanistic effects 500 µg/L (inhibition of female VTG in a 
FLCTT) 

The PNECs derived for cyproconazole to account for ED properties using OECD CF Level 
3, 4 or 5 data ranged from 1.6 – 12.5 µg/L. The PNEC based on the result from the Level 5 
fish study only was potentially not protective for effects in algae since algae were the most 
sensitive taxa in the dataset. PNECs based on AF applied to Level 3 or 4 data are below 
the most sensitive PNEC based on algae data and therefore are precautionary. The 
additional AF of 10 applied based on James et al. (2023) would appear to be overly 
precautionary in this example where fish are relatively insensitive to the effects of 
cyproconazole. 

Despite some evidence for endocrine activity (reduced VTG in females) and reduced 
reproduction in a FLCTT, algae (and Daphnia) are both more sensitive to cyproconazole 
than fish. The lack of evidence for ED effects in the FSTRA at the highest test 
concentration of 2 000 µg/L suggests low potency for an endocrine mechanism. This is 
supported by the toxicity data where the NOEC of 160 µg/L in the FELS, and 125 µg/L in 
the FLCTT are both much lower than the NOEC of 500 µg/L for inhibition of VTG (also in 
the FLCTT). This suggests that toxicity may be due to an alternative MoA.  

The lack of mechanistic effects of cyproconazole in the FSTRA compared with the FLCTT 
is a concern as it might suggest that the screening assay is not sufficiently sensitive for 
highlighting apparent ED activity, especially for substances with low potency. Inhibition of 
VTG in female fish is an expected outcome for aromatase inhibitors but there are concerns 
that variability in the VTG measurement may sometimes affect the outcome of a test (EA, 
2020a; Brown et al., 2023). In the FSTRA with cyproconazole a 37% reduction in female 
VTG at the highest test concentration of 1 000 µg/L is not statistically significant (IUCLID, 
2024). Supporting evidence from the FLCTT and evidence for aromatase inhibition in vitro 
suggest that this could be a false negative result. Nevertheless, the PNEC derived based 
on applying an AF of 1 000 to the NOEC from the FSTRA is precautionary compared with 
the PNEC based on data from the Level 5 study. Further standardisation of the VTG 
methodology is recommended in Burden et al. (2023) to help improve confidence in the 
VTG result for use as supporting mechanistic data.  

It is difficult to define a sufficient dataset for cyproconazole probably because the main 
MoA may not be as an ED. The mechanistic endpoints reported in the FLCTT are 
important as context for this conclusion. All the derived PNECs would be protective for the 
mechanistic effects observed in the FLCTT. 
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7.3.6 Propiconazole 

Propiconazole is positive for aromatase inhibition (AC50 = 29.5 µM) and shows AR 
antagonist activity (bioactivity model result of 0.167). The dataset is shown in Table 27 
(with further details in Appendix 236.). 
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Table 27 NOEC data for PNEC derivation for propiconazole 

Species Study type NOEC (µg/L) 

Algae (R. subcapitata) Growth inhibition 
(OECD TG 201) 

460  

Daphnia magna Reproduction (OECD 
TG 211) 

310  

Amphibian Level 3 AMA (OECD TG 231) 56 (SVL and weight) 

Fish Level 3 (P. 
promelas) 

FSTRA (OECD TG 
229) or Fish Screening 
Assay (OECD TG 230) 

Study 1: 120 (female VTG 
inhibition, decreased 
reproduction and decreased 
female survival) 

Study 2: 53 (fecundity)  

Study 2: 5.8 (female VTG 
inhibition) 

Fish Level 4 (P. 
promelas) 

FELS (OECD TG 210) EC10: 380 (survival) 

Fish Level 5 (P. 
promelas) 

FLCTT (OPPTS 
850.1500) 

EC10: 119 (reduced egg 
production) 

7.8 (increased F1 male nuptial 
tubercle score) 

Fish Level 5 (C. 
variegatus) 

FLCTT (OPPTS 
850.1500) 

68 (reproduction) 

PNECs were derived to account for ED properties by applying the AFs proposed in Table 
16 to the NOECs in Table 27. The PNECs are compared with a freshwater deterministic 
PNEC derived according to ECHA (2008), including with an additional AF following the 
decision tree in James et al. (2023). The dataset for propiconazole also includes data for 
marine species. The PNECs are given in Table 28. 
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Table 28 PNECs for propiconazole 

Basis for PNEC Assessment 
factor 

PNECs 

Lowest NOEC algae, 
Daphnia and fish (ECHA, 
2008) (freshwater 
species) 

10 FLCTT NOEC (C. variegatus) = 68/10 = 
6.8 µg/L  

James et al. (2008) 10 AND 5 FLCTT (P. promelas) includes sex ratio 
and SSC 

AMA (X. laevis) includes T-mediated 
endpoints 

68/50 = 1.36 µg/L 

One NOEC from a Level 
3 fish study (Level 3 
PNEC) 

1 000 FSTRA NOECs = 120 or 53/1 000 = 0.12 
or 0.053 µg/L 

One NOEC/EC10 from a 
Level 4 fish study (Level 
4 PNEC) 

100 FELS NOEC = 380/100 = 3.8 µg/L 

One NOEC/EC10 from a 
Level 5 fish study (Level 
5 PNEC) 

10 FLCTT NOEC = 68 (C. variegatus)/10 = 
6.8 µg/L 

NOEC for mechanistic effects 5.8 µg/L (VTG inhibition in a FSTRA). 

The PNECs derived for propiconazole to account for ED properties based on OECD CF 
Level 3 and 4 studies are protective compared with the PNEC derived according to ECHA 
(2008). Interestingly, the FSTRA both generated lower NOECs compared with the Level 4 
FELS with the same species (P. promelas), resulting in arguably over precautionary 
PNECs. This is because reproduction in the FSTRA was more sensitive than the 
endpoints for development and growth in the FELS test for this substance. The OECD CF 
Level 5 PNEC was the same as the ECHA (2008) PNEC because they are both based on 
the NOEC from the OECD CF Level 5 FLCTT test with C. variegatus.  

Confidence in the ED PNEC is increased because a result from a second FLCTT study is 
also available. A PNEC of 6.8 µg/L is slightly above the lowest NOEC for mechanistic 
effects of 5.8 µg/L based on inhibition of VTG in female fish, in a FSTRA with test 
concentrations separated by a factor of 10.  
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The AMA was not used for PNEC derivation as this is a Level 3 screening study with wide 
spacing of test concentrations and therefore is not designed for this purpose. There were 
no effects on T-mediated endpoints in the AMA. This is the only validation substance 
where the EAS and T pathways have both been investigated. Nevertheless, following the 
decision tree of James et al. (2023) an additional AF of 5 is applied to the ECHA (2008) 
PNEC. This additional AF does not seem to be justified given that the dataset includes 
results from two FLCTT covering the relevant EAS mediated pathway. 

Reproduction (in both the FSTRA and FLCTT) were important endpoints for assessing the 
ED effects of propiconazole.  

7.3.7 Prochloraz 

Prochloraz is a well-studied substance which has been included in OECD test method 
validation exercises as a model substance for effects via aromatase inhibition. In ToxCast 
the AC50 for aromatase inhibition of prochloraz is 1.51 µM which is more potent compared 
with other substances included in this review (i.e. cyproconazole AC50 = 33.9 µM and 
propiconazole AC50 = 29.5 µM). It also has anti-androgenic activity with a bioactivity model 
result of 0.295 and reduces levels of steroid hormones including testosterone and 
oestradiol in an in vitro steroidogenesis assay. The dataset for prochloraz is shown in 
Table 29 (with additional details in Appendix 241).  

Table 29 NOEC data for PNEC derivation for prochloraz 

Species Study type NOEC (µg/L) 

Algae Growth inhibition (OECD 
TG 201) 

3.2  

Daphnia magna Reproduction (OECD TG 
211) 

22.2  

Fish Level 3 (O. 
latipes) 

FSTRA (OECD TG 229) 20.6 (female VTG inhibition and 
fertility) 

Fish Level 4 (P. 
promelas) 

FELS (OECD TG 210) 48.5 

Fish Level 4 (P. 
promelas) 

FSDT (OECD TG 234) 96 – 106 (sex ratio) 

< 29 – 31 (VTG inhibition) 

Fish Level 4 (D. 
rerio) 

FSDT (OECD TG 234) 48 - < 60 (sex ratio) 

15 - 60 (VTG inhibition) 
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Species Study type NOEC (µg/L) 

Fish Level 5 (O. 
latipes) 

MEOGRT (OECD TG 240) 17.5 (fecundity) 

5.3 (decreased growth although 
biological relevance unclear) 

5.3 (VTG in females and SSC in 
males) 

Fish Level 5 (P. 
promelas) 

FLCTT (OPPTS 850.1500) 24.9 (reproduction) 

The NOEC to be used in PNEC derivation from the MEOGRT is unclear, since there are 
available NOECs of 17.5 µg/L based on fecundity, and 5.3 µg/L based on reduced growth 
of sub-adult fish. The biological/population relevance for reduced growth was considered 
by the authors of the paper to be equivocal because the effect was slight and not observed 
in adult fish (Flynn et al., 2017). PNECs to account for ED properties were derived for 
prochloraz by applying the AFs proposed in Table 16 to the NOECs in Table 29. The 
PNECs are given in Table 30. The PNECs were derived using both NOECs generated in 
the MEOGRT. 

Table 30 PNECs for prochloraz 

Basis for PNEC Assessment 
factor 

PNECs 

Lowest NOEC algae, 
Daphnia and fish (ECHA, 
2008) (freshwater 
species) 

10 Algae NOEC = 3.2/10 = 0.32 µg/L  

James et al. (2008) 10 AND 5 MEOGRT test available covering EAS 
mediated endpoints 

3.2/50 = 0.064 µg/L 

One NOEC from a Level 
3 fish study  

1 000 FSTRA NOECs = 20.6/1 000 = 0.021 µg/L 

One NOEC/EC10 from a 
Level 4 FELS study  

100 FELS NOEC = 48.5/100 = 0.49 µg/L 
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Basis for PNEC Assessment 
factor 

PNECs 

One NOEC/EC10 from a 
Level 4 FSDT study 

100 FSDT NOEC = 48 – 96/100 = 0.48 – 0.96 
µg/L  

One NOEC/EC10 from a 
Level 5 fish study  

10 FLCTT NOECs = 24.9 (P. promelas) or 
MEOGRT NOECs 5.3/17.5 (O. latipes)/10 
= 2.49 or 0.53/1.75 µg/L 

NOEC for mechanistic effects 5.3 µg/L (VTG inhibition in females and 
SSC in males in the MEOGRT). 

Some of the PNECs derived based on OECD CF Level 3, 4 or 5 fish studies for prochloraz 
were not protective compared with that derived using ECHA (2008). This is because, 
despite the well documented endocrine effects of prochloraz, algae are the most sensitive 
species for this substance. The PNEC derived using a Level 3 FSTRA study is protective 
compared with all the other PNECs by approximately one order of magnitude. Similar to 
propiconazole the FSTRA was more sensitive to prochloraz compared with the FELS test 
(and also for prochloraz the FSDT). As the FSDT is an extended FELS test there is an 
assumption that the result from this study might be most sensitive. However, for P. 
promelas the NOEC from a FELS test is more sensitive compared with two FSDT with the 
same species. The FELS test with P. promelas has broadly equivalent sensitivity to the 
FSDT with D. rerio. The PNECs derived by applying AFs to the lowest NOECs from the 
FELS or FSDT studies were more protective compared with the PNEC derived using the 
results from the Level 5 studies. Reproductive endpoints were the most sensitive in the 
Level 5 fish studies suggesting that reproduction is more sensitive for the aromatase 
inhibition MoA. A PNEC derived using either Level 5 fish study would be protective for the 
lowest NOEC based on mechanistic data (VTG inhibition in females and SSC in males in 
the MEOGRT). This suggests that a sufficient dataset for prochloraz should include the 
result from a Level 5 test and that application of an AF of 10 was suitable regardless of the 
study used for deriving the PNEC.  

Even though Level 5 fish data is available for prochloraz, the PNEC derived according to 
ECHA (2008) is the most sensitive and it is recommended should be applied in order to 
ensure protection for algae, however the actual PNEC used may depend on the regulatory 
context. Similar to propiconazole the application of an additional AF of 5 following the 
decision tree of James et al. (2023) would not seem to be justified given that the dataset 
includes results from two FLCTT covering the relevant EAS mediated pathway. 

7.3.8 Vinclozolin 

Vinclozolin’s main mechanism of endocrine activity is as an anti-androgen (bioactivity 
model result = 0.416). The ToxCast in vitro steroidogenesis data suggest that it will inhibit 
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some steroid hormones, including testosterone. The effect on aromatase inhibition is not 
considered to be reliable due to data flags and possible cytotoxicity. The dataset for 
vinclozolin is shown in Table 31 (with further details in Appendix 245). Vinclozolin was 
used as a validation substance for the Medaka Multigeneration Test (MMT) and showed 
low sensitivity for population-relevant effects in these three studies (NOECs between 197 
and 360 µg/L). This suggests that the MMT was not sufficiently sensitive for detecting the 
population-relevant effects of vinclozolin, and hence the test design was refined and 
replaced with the MEOGRT (which is now a validated OECD test method (OECD TG 
240)). The main difference between the MMT and the MEOGRT is that the number of 
control replicates used for measuring reproduction was increased from 6 to 12 pairs to 
improve the statistical power for detecting reproductive effects. The MMT studies are 
therefore not reliable for ED PNEC derivation but can be used as supporting information 
(e.g. for mechanistic effects). This provides a further example of test design affecting the 
study outcome. 

Table 31 NOEC data for PNEC derivation for vinclozolin 

Species Study type NOEC (µg/L) 

Algae Growth inhibition 
(OECD TG 201) 

NOEC: 1 020 growth rate 

Daphnia magna Reproduction 
(OECD TG 211) 

790  

Fish Level 3 (O. 
latipes) 

FSTRA (OECD 
TG 229) 

Study 1: 137 (female VTG inhibition and 
fertility) 

Study 2: 189 (reduced female VTG and 
fertility) 

Fish Level 3 (P. 
promelas) 

178 (based on ↓ female GSI and delayed 
gonadal development and ↑ male E2) 

Fish Level 3 (G. 
aculeatus) 

AFSS NOEC/IC10: 4.25 – 25 (based on ↓ spiggin) 

Fish Level 5 (O. 
latipes) 

MEOGRT (OECD 
TG 240) 

NOEC: 17.3 (based on F1 and F2 larvae 
survival, ↑ F0 female SSC and ↓ F2 male 
SSC) 

< 17.3 (based on ↓ F1 male SSC) 
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Species Study type NOEC (µg/L) 

Fish Level 5 (O. 
latipes) 

MMT lifecycle 
validation 

Three validation tests without significant 
effects on population-relevant endpoints at 
the highest tested concentrations of 197, 333 
or 360. 

Nevertheless, in two of the three studies 
effects on male SSC were reported at the 
lowest test concentrations of 5 and 9 

Fish Level 5 (P. 
promelas) 

FLCTT (OPPTS 
850.1500) 

50 (based on F0 fecundity and delayed 
gonadal development and F1 survival, ↓ F1 
length and F1 sex ratio) 

PNECs to address ED properties were derived by applying the AFs proposed in Table 16 
to the NOECs in Table 31. The PNECs are given in Table 32. There are two reliable Level 
5 tests, a MEOGRT (NOEC = 17.3 µg/L based on reduced embryo survival) and a FLCTT 
with P. promelas (NOEC = 50 µg/L based on reduced reproduction). These PNECs are 
compared with a deterministic PNEC derived according to ECHA (2008), including with an 
additional AF following the decision tree in James et al. (2023). 

Table 32 PNECs for vinclozolin 

Basis for PNEC Assessment 
factor 

PNECs 

Lowest NOEC algae, 
Daphnia and fish (ECHA 
2008) (freshwater 
species) 

10 Fish NOEC (O. latipes, MEOGRT) = 
17.3/10 = 1.7 µg/L  

James et al. (2023) 10 AND 5 EAS endpoints in a MEOGRT and FLCTT 

17.3/50 = 0.34 µg/L 

One NOEC from a Level 
3 fish study (ED PNEC) 

1 000 FSTRA NOECs = 137 - 189/1 000 = 0.14 – 
0.19 µg/L 

One NOEC/EC10 from a 
Level 5 fish study (ED 
PNEC) 

10 FLCTT NOECs = 50 (P. promelas) or 
MEOGRT NOECs 17.3 (O. latipes)/10 = 
5.0 or 1.73 µg/L 
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Basis for PNEC Assessment 
factor 

PNECs 

NOEC for mechanistic effects IC10 = 4.25 µg/L (decreased spiggin in an 
AFSS) or NOEC < 5 based on F2 male 
(phenotypic) SSC in an MMT. 

PNECs from OECD CF Level 3 studies were at least as protective asthe PNEC derived 
following ECHA (2008), which was based on the most sensitive fish study in the dataset 
(the MEOGRT NOEC of 17.3 µg/L). Since the Level 5 MEOGRT is the most sensitive 
result then the Level 5 PNEC based on the NOEC from this study is the same as for 
ECHA (2008) PNEC.   

The NOEC from the Level 3 FSTRA were both more sensitive compared with the results 
from the MMT. The PNECs derived based on the FSTRA are protective compared with the 
PNECs derived using NOECs from the MEOGRT or the FLCTT with P. promelas. 
However, the Level 5 PNECs may not be protective for mechanistic effects. This is 
because the NOECs for effects on male SSC are unbounded (< 17.3 µg/L in the 
MEOGRT; ≤ 9 µg/L in the MMT), and therefore an ETNC has not been defined based on 
mechanistic endpoints. Mechanistic endpoints were not measured in the FLCTT. This 
does not mean that the proposed AF are not viable, but does highlight the need for high 
quality fish data with robust supporting mechanistic data.  

It could be argued that the additional AF of 5 applied using the decision tree in James et 
al. (2023) could be justified in the present example, where there are some uncertainties 
based on evidence for mechanistic effects at concentrations below the proposed PNEC 
There should potentially be some flexibility in the proposed approach to use expert 
judgement to add additional AF where there is evidence that a PNEC may not be 
sufficiently protective for mechanistic effects. 

The outcomes for this substance also suggest that the SETAC Pellston Workshop® criteria 
should also be considered when applying a deterministic approach to deriving a PNEC (as 
well as for a probabilistic approach). Nevertheless, a sufficient dataset for vinclozolin could 
consist of a Level 5 fish study if the test design was sufficiently robust to detect a NOEC 
for mechanistic changes.  

  



104 of 257 

8. Synthesis of the validation exercise 
In this section, we consider the number and type of fish studies that are required to derive 
a reliable PNEC for ED properties focussed on EAS modalities, based on the findings in 
the previous sections.  

8.1 Review of PNECs for validation substances 
Three of the eight validation substances have ER agonist activity (methyl paraben, propyl 
paraben and 3-BC), and the rest have other EAS activity (fenbuconazole, cyproconazole, 
propiconazole, prochloraz, and vinclozolin). The substances have variable amounts of 
available data with which to conduct the assessments.  

A summary of the PNECs that have been derived for ER agonist substances based on 
different approaches is given in Figure 7. It includes data for NP and OP and is presented 
on a logarithmic scale to account for the different concentration ranges. Data for EE2 were 
not included because of the lack of standardised studies. However, it is notable that a 
PNEC of 0.005 ng/L for EE2 is at least three orders of magnitude lower than any PNEC 
derived for these chemicals (based on any of the approaches followed).  

It is worth noting that fish studies incorporating ED relevant endpoints can be challenging 
tests to conduct and interpret. Even when studies are considered reliable without 
restrictions there may be differences between NOEC values from different tests, even for 
the same species. Reasons for differences include inter-laboratory variation, inherent 
biological variability, differences in concentration spacing in the various studies, and the 
endpoints measured in the study. Furthermore, no independent assessment of study 
reliability was conducted for the validation substances for the purposes of this report. 
These factors therefore could affect the PNECs derived and therefore any comparisons 
made between them. Nevertheless, the available PNECs are still considered to be useful 
as a guide for assessing the suitability of the proposed AF(s).   



105 of 257 

 

Figure 7 A comparison of PNECs derived using different methods for substances 
that are ER agonists 
Note: PP = propyl paraben, MP = methyl paraben. The mechanistic NOEC for OP is 1 
µg/L. 
 
Figure 8 provides an overview of the PNECs derived for substances affecting other EAS 
modalities. Again, it is presented on a logarithmic scale to account for the different 
concentration ranges. 

 

Figure 8 A comparison of PNECs derived using different methods for substances 
with EAS mechanisms of action other than ER agonist 

8.1.1 How useful were PNECs derived using Level 3 NOECs? 

The FSTRA is a mechanistic screening study in Level 3 of the OECD CF. It usually has 
only three test concentrations which are widely spaced (typically a factor 10). There is 
generally low replication for detecting reproductive effects in such studies. FSTRA studies 
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would not usually be considered relevant for PNEC derivation because they possess low 
resolution and sensitivity for population level effects. Nevertheless, population-relevant 
endpoints (reproduction) are measured in the FSTRA. The study design also allows for 
endocrine mechanistic effects to be determined, and for some substances (e.g. 3-BC) it 
represents the only available fish data. A highly precautionary AF of 1 000 is proposed to 
be applied to the NOEC from a FSTRA to derive a viable ED PNEC, in the absence of 
other relevant data. This approach is considered analogous to using acute toxicity data for 
deriving a PNEC, in the absence of chronic data, as described in ECHA (2008). Level 3 
data are not proposed to be used for refining a PNEC, i.e. when Level 4 or 5 data are 
available. 

A FSTRA has been conducted for seven of the nine validation substances plus there are 
data for NP and OP (resulting in a Level 3 PNEC of 0.0165 µg/L for NP based on 
reproductive effects in a FSTRA with O. latipes (Ishibash et al., 2006), and a PNEC of 
0.0336 µg/L for OP based on egg viability in a FSTRA with C. variegatus (Karels et al., 
2003)). The PNECs derived using Level 3 data were always more precautionary compared 
with PNECs derived according to ECHA (2008), using Level 5 fish data or the mechanistic 
NOEC (except for vinclozolin where the NOEC for mechanistic effects is unbounded), 
usually with a large margin of safety (Figure 7 and Figure 8). For methyl paraben, there 
was no Level 5 fish study and the FSTRA PNEC was less precautionary compared with 
the PNEC derived using the NOEC from the Level 4 FSDT. Effects in the FSDT occurred 
at a test concentration lower than might be predicted based on ER agonist activity in vitro 
(in the Bioactivity model or in a medaka specific ERα assay) or in vivo in the FSTRA, 
resulting in a PNEC that was lower than expected (i.e. lower than propyl paraben which is 
predicted to have more potent ER agonist activity). As the NOEC from the FSDT with 
methyl paraben is based on survival and growth endpoints (compared with an effect on 
sex ratio for propyl paraben) it may be that an alternative (non-ED) MoA is involved. The 
results might also be affected by quality issues that have not been reviewed for the 
purposes of this report (for instance, there were issues maintaining test solution 
concentrations in the FSDT for methyl paraben as discussed in Section 87).  

Even though no population level or mechanistic effects were reported in the FSTRA for 
cyproconazole at the highest concentration of 2 000 µg/L (possibly due to low sensitivity of 
the test), the PNEC based on the NOEC from this study is still protective compared with 
the PNEC based on the result from a FLCTT. The NOEC used is, however, an unbounded 
(greater-than) result. 

It is worth highlighting that, despite the screening nature of the assay, the Level 3 FSTRA 
was more sensitive compared with Level 4 studies for propiconazole (FELS test) and 
prochloraz (FELS test or FSDT) (Table 27 and Table 29, respectively), both of which are 
aromatase inhibitors and anti-androgenic in vitro. Reproduction would be expected to be a 
sensitive endpoint based on the aromatase inhibition MoA, and none of the Level 4 studies 
available assessed reproduction for these two substances. Aromatase inhibition in vitro is 
also associated with VTG inhibition in vivo (Brown et al., 2023). Nevertheless, 
cyproconazole, which is also an aromatase inhibiter in vitro, was insensitive in the FSTRA 
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and therefore caution should be applied when interpreting the data from this study for 
PNEC derivation.  

As a PNEC based on a FSTRA is only intended to be a precautionary approach in the 
absence of other data, there is no need to change the proposed AF of 1 000. It is highly 
unusual for an SVHC to be identified solely on the basis of OECD CF Level 3 data, but it 
has happened in the past and might be relevant if a read across argument is being 
considered. It is therefore important to have a mechanism to calculate a PNEC for such 
substances should they be added to REACH Annex 14 or subject to a restriction proposal 
in future.  

8.1.2 How comparable were PNECs derived using Level 4 versus Level 5 
NOECs? 

The datasets for NP and OP do not provide much clarity on the sufficiency of using a Level 
4 study to derive an ED PNEC. For OP, the results from FSDT studies were more 
sensitive compared to Level 5 studies with the same species, whereas for NP the Level 5 
MEOGRT was more sensitive compared to Level 4 FELS studies with two different fish 
species. There were three FSDTs available for NP, all with O. latipes; the lowest NOEC is 
11.6 µg/L (Seki et al., 2005) which is considerably higher than the NOEC of 0.64 µg/L from 
the MEOGRT (Watanabe et al., 2017). In fact, FELS studies with P. promelas (NOEC = 
7.4 µg/L, Ward and Boeri, 1991a) and On. mykiss (NOEC = 6 µg/L, Spehar et al., 2010) 
both had lower NOECs for NP compared with the FSDTs with O. latipes. The available 
data from EE2 demonstrate that exposure during the sensitive window for sexual 
differentiation is important for assessing the effects of an ER agonist substance, but as 
both the FELS test and FSDT expose embryos they are expected to cover this.  

An FSDT would be expected to be more sensitive compared with the FELS test, because 
it has a longer duration (at least for the same species) and includes endpoints for sexual 
development. According to OECD GD 150, the preferred study to use for investigating a 
positive result in a FSTRA is the MEOGRT or, when available, the Zebrafish extended one 
generation test (OECD, 2018). However, the FSDT is recommended where sexual 
development is expected to give a response at lower concentrations than reproduction 
(although it is unclear how this would be assessed). In OECD validation the FSDT was 
responsive for an ER agonist mechanism (based on studies with OP, 4-tert-pentylphenol 
and 17β-oestradiol) and AR agonist mechanism (based on studies with 
dihydrotestosterone (DHT)) (OECD, 2012), although relative sensitivity compared with 
effects in other test designs is not discussed. In addition, the FSDT detected effects on 
sex ratio of the aromatase inhibitor prochloraz. None of the OECD validation studies with 
the AR antagonist flutamide were reliable and therefore it is unknown whether the FSDT 
can detect this MoA, as discussed in Panter et al. (2023).  

Table 33 compares the PNECs derived from FELS or FSDT studies with PNECs derived 
from datasets which include Level 5 studies. In all cases the factor of 100 applied to the 
Level 4 FELS result would be considered acceptable. Only the PNEC for OP would seem 
overly protective but this is because the result from a Level 4 FELS test was more 



108 of 257 

sensitive compared with the Level 5 tests. All PNECs are also protective for mechanistic 
effects, except for propiconazole. For propiconazole the lowest NOEC for mechanistic 
effects was from a FSTRA with a factor of 10 spacing of test concentrations and therefore 
the NOEC value from this study is conservative.   

Table 33 PNECs from FELS and FSDT studies compared with PNECs from FLCTT 

Substance PNEC Level 4 
NOEC1 (µg/L) 

PNEC Level 5 
NOEC2 (µg/L) 

Lowest NOEC for 
mechanistic effects3 
(µg/L) 

NP 0.06 – 0.076 
(FELS) 

0.12 (FSDT) 

0.064 0.4 

OP 0.061 (FELS) 

0.074 (FSDT) 

0.61 1 

Fenbuconazole 0.82 (FELS) 2.3 - 

Cyproconazole 1.6 (FELS) 12.5 500 

Propiconazole 3.8 (FELS) 6.8-11.9 5.8 

Prochloraz 0.49 (FELS) 

0.48 – 0.96 
(FSDT) 

0.53 – 2.49 5.3 

1 ED PNEC derived by applying a factor of 100 to the NOEC from a Level 4 test. 
2 ED PNEC derived by applying a factor of 10 to the NOEC from the most sensitive result 
from a Level 4 or 5 test. 
3 The lowest NOEC from any study regardless of OECD CF Level. 
Numbers in bold are where the Level 4 NOEC was used to derive the PNEC. This was 
only the case for OP. 

Four of the validation substances had both Level 4 and Level 5 data, and for three of these 
substances the Level 4 studies were FELS studies rather than FSDTs. For prochloraz, a 
NOEC of 48.5 µg/L based on growth in a FELS study with P. promelas was more sensitive 
than the effects determined in FSDTs with the same species (NOEC = 96 to 106 μg/L 
based on sex ratio), and similar in sensitivity to the NOECs of 48 – < 60 μg/L in FSDTs 
with D. rerio (also based on sex ratio). There are likely to be few other substances which 
have available data for an FSDT and a Level 5 test, because both are assumed relevant 
for PNEC derivation and demonstrating an ED MoA, and therefore only one or the other is 
required for regulatory purposes. For example, methyl paraben and propyl paraben have 
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results from an FSDT but not a Level 5 test, whereas fenbuconazole, cyproconazole, 
propiconazole, and vinclozolin have Level 5 data but not an FSDT. 

Overall, where FELS and FSDT data are available, the sensitivity in these studies appears 
to be similar (differences may be explained by laboratory or species differences or spacing 
of test concentrations). These findings suggest that an AF of 100 would be both 
proportionate and protective when deriving a PNEC for ED properties from the result of a 
Level 4 FELS test or FSDT. However, although a PNEC to address ED properties can be 
derived based on the result from a FELS study, it does not include mechanistic endpoints 
which are important for interpreting the ED outcomes. Therefore, the FSDT is the preferred 
Level 4 test for a substance with an ED concern.  

The application of an AF of 100 to the NOEC from a FELS study or a FSDT could be 
considered equivalent to the proposals from James et al. (2023), who recommend 
applying an additional AF of 10 where no ED data are available. 

8.1.3 How do PNECs derived using Level 3, 4 or 5 data compare to 
deterministic PNECs derived according to ECHA (2008)? 

The deterministic PNECs (based on the substance-specific maximum available dataset for 
each validation substance) have been compared with a PNEC derived according to ECHA 
(2008) (Figure 7 and Figure 8). The following scenarios were identified: 

• Where there is a Level 5 fish study and fish are the most sensitive taxon, the PNEC 
derived according to ECHA (2008) and the Level 5 PNEC were identical (NP, OP, 
fenbuconazole, propiconazole and vinclozolin); 

• Where there is a Level 5 fish study and algae were the most sensitive taxon, the 
PNEC derived according to ECHA (2008) was lower than the Level 5 PNEC 
(cyproconazole and prochloraz); and 

• Where only Level 4 fish data are available, the PNEC derived to account for ED 
properties was lower than the PNEC derived according to ECHA (2008) due to the 
additional AF of 10 proposed to be applied to the Level 4 test. 

There were scenarios where the ECHA (2008) PNEC was not protective for the NOEC for 
mechanistic effects, most notably for 3-BC where the chronic dataset was based on QSAR 
estimates. The other exception was propiconazole (where the NOEC for mechanistic 
effects is just above the PNEC derived from the Level 5 fish studies based on ECHA 
2008). Otherwise, all ECHA (2008) PNECs were protective of the mechanistic NOEC.  

AFs applied according to ECHA (2008) are intended to account for a range of different 
uncertainties for a huge range of chemicals, including inter- and intra-laboratory variation, 
extrapolation from laboratory to field, and the very narrow range of species usually present 
in the available ecotoxicity dataset. It is clear that an AF of 10 applied to the standard 
chronic dataset of algae, Daphnia and a FELS study for fish would not be protective for ED 
properties, because a multigeneration study covering both developmental and 
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reproductive endpoints is required to fully investigate ED properties. Species differences 
are covered in the next section. 

8.1.4 Are species differences accounted for? 

There are data from Level 5 tests with more than one fish family for three of the validation 
substances (propiconazole, prochloraz and vinclozolin) as well as EE2 and OP. These 
data are shown in Table 34.  

Table 34 Comparison of NOEC data from Level 5 tests with different species 

Species OP      
(µg/L) 

EE2a                

(ng/L) 
Propiconazole 

(µg/L) 
Prochloraz 

(µg/L) 
Vinclozolin 

(µg/L) 

O. latipes 
(MOEGRT) 25.1 - - 5.3 or 17.5 17.3 

P. promelas 
(FLCTT) - 0.76 119 24.9 50 

D. rerio 
(FLCTT) 12 0.05, 0.1, 

0.31 - - - 

On. mykiss 
(partial 
FLCTT) 

- 0.4 - - - 

C. 
variegatus 
(FLCTT) 

- - 68 - - 

Factor 
difference 2.1 15.2 1.8 4.7 or 1.4 2.9 

a Studies where embryo life stages were not exposed are not included due to their low 
relevance for the ER agonist MoA. 
 

Both the MEOGRT study with NP (Section 24; Watanabe et al., 2017, Appendix 179) and 
the MEOGRT for prochloraz, where a NOEC of 5.3 µg/L based on reduced growth is 
considered equivocal because the effect was slight illustrate the difficulty of interpretation 
of these studies. For the latter, while effects were observed in the sub-adult fish, these 
were not reported for the equivalent adult fish (Flynn et al., 2017). The experience of the 
authors of this report in study monitoring MEOGRTs also suggests that the performance of 
such studies requires careful optimisation in some areas on a laboratory-specific basis, 
and some laboratories can have particular issues with obtaining sufficiently high hatching 
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of eggs to meet the test validity criteria. Nevertheless, the MEOGRT reliably detects ED 
effects for prochloraz and vinclozolin (Flynn et al., 2017), as well as for NP (Watanabe et 
al., 2017), and has an experimental design that is sensitive for the effects of EDCs.  

Although based on just five substances with only two or three species (also from different 
families), the factor difference between the Level 5 studies is < 5, except for EE2. The EE2 
dataset should however be interpreted with caution due to the variable experimental 
designs of the fish studies and the large spacing between test concentrations (as 
discussed in Section 68).  

As discussed in Section 77, data are not available to assess the sensitivity of fish species 
with alternative reproductive strategies, long-lived fish species and marine species. In 
addition, any proposed PNECs also need to be protective of other aquatic taxa such as 
amphibians. There are currently no standardised multigeneration OECD test guidelines 
covering such species for a targeted comparison of species sensitivity. Where data are 
available for amphibians and fish with alternative reproductive strategies, they were not 
the most sensitive in the dataset (although this is based on a limited number of studies 
and may be related to test design since no multigeneration studies were available). For 
effects on longer lived fish species, the available data regarding sensitivity is inconclusive. 
For OP a level 4 FELS test with On. mykiss (ABC labs, 1984, cited in EA 2005 and ECHA 
2011) is more sensitive compared with a Level 5 MEOGRT study (Flynn et al., 2017), 
whereas for NP a Level 5 study with On. mykiss (Schwaiger et al., 2002, used as 
supporting information only) was similar in sensitivity to the MEOGRT (Watanabe et al., 
2017). However, for EE2, a Level 5 study with D. rerio was more sensitive (Larsen et al., 
2008) compared with a Level 5 test with On. mykiss (Brown et al., 2007). For marine 
verses freshwater species, C. variegatus (marine) was more sensitive to propiconazole 
compared with P. promelas (freshwater) in Level 5 FLCTTs, but only by a factor of < 2. 

Based on the data reviewed in this report, an AF of 10 should be adequate to account for 
differences between species and families of fish (assuming that the fish studies follow 
robust standard Level 5 fish test designs), and there appears to be minimal benefit to 
increasing the dataset to include multiple additional fish species.  

Given that the proposed AFs are already designed to be precautionary for mechanistic 
effects, it seems justified that a sufficient dataset can be based on a result from a single 
Level 5 fish study which covers the whole life cycle, including the sensitive window for 
sexual differentiation and reproductive effects, with an AF of sufficient magnitude to 
account for species differences. This obviously assumes that fish are the most sensitive 
species, which is not always the case as demonstrated for cyproconazole and prochloraz. 
Therefore, the recommended dataset for an EDC should also include the standard data 
requirements for algae and invertebrates so that where fish are not the most sensitive, a 
PNEC can be derived using the approach followed for industrial chemicals as detailed in 
ECHA (2008). 

We specifically make no recommendation for a preferred Level 5 fish study, or species. In 
fact, there are advantages in having scope to target the experimental design to detect 
outcomes based on an expected MoA and/or species of concern. Nevertheless, testing 
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should ideally follow regulatory accepted test designs (i.e. OECD TG 240 or the Office of 
Prevention, Pesticides and Toxic Substances (OPPTS) fish life cycle toxicity test guideline 
850.1500 (US EPA, 1996)). These provide the principles for a test exposing fish from one 
stage of the life cycle to at least the same stage of the next generation, covering sensitive 
embryo life stages and the window for sexual differentiation as well as reproductive 
endpoints. Mechanistic endpoints should also be included to provide context.  

8.1.5 Were ED PNECs protective for mechanistic effects? 

As discussed in Section 82, seven of the eight validation substances had in vivo 
mechanistic data (only fenbuconazole did not – see Section 91). For five of the 
substances, the lowest mechanistic NOEC came from the following studies: 

• Propyl paraben: female biased sex ratio in the FSDT (Level 4) – same value as the 
adverse effect in the FSDT. 

• Methyl paraben: VTG induction in the female FSDT (Level 4) – lower than the 
adverse effect in the FSDT. 

• 3-Benzylidene camphor: VTG induction in the female FSTRA (Level 3) – lower than 
the adverse effect from the Level 3 study used for PNEC derivation. 

• Cyproconazole: inhibition of female VTG in a FLCTT (Level 5) – higher than the 
adverse effects in the Level 5 study. 

• Prochloraz: VTG inhibition in females and SSC in males in the MEOGRT (Level 5) – 
lower than the adverse effects in the Level 5 study. 

The ED PNECs derived were lower than the NOEC based on mechanistic effects for all of 
these substances, and this can be seen in the summaries provided by Figure 7 and Figure 
8.  

There were two substances where this was not the case: 

• The PNEC for propiconazole of 6.8 µg/L was slightly above the lowest NOEC for VTG 
inhibition from a (Level 3) FSTRA of 5.8 µg/L, but this was considered an artifact of the 
wide spacing of test concentrations in this study where the LOEC for effects on VTG 
was 53 µg/L. The PNEC was protective of mechanistic effects from Level 5 studies. 

• For vinclozolin, none of the Level 5 studies with O. latipes gave a NOEC for endocrine 
activity based on reduced male SSC. Population level effects appear to occur at much 
higher test concentrations compared with the mechanistic effects, and it is assumed 
that if a lower concentration range was tested, a NOEC based on SSC would be 
derived. Nevertheless, the PNEC for vinclozolin (based on results from two Level 5 
studies with different species) is an order of magnitude lower compared with the LOEC 
for effects on SSC. 

The possibility of including an additional AF in the PNEC derivation where it is not 
adequately protective for mechanistic effects is discussed in Section 115. 
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8.1.6 How important is the ED MoA? 

A robust test design covering sexual differentiation and reproduction has been identified 
as being important for identifying ER agonist effects and deriving a sensitive population-
relevant NOEC for NP, OP and EE2. The lowest NOECs in the dataset were based on 
fecundity/fertility for NP, growth for OP and sex ratio or fecundity for EE2. For EE2 and NP 
these align with the known AOPs (Figure 14, Appendix K). Effects of OP on sex ratio and 
reproduction were reported in FSDT and FLCTT studies, respectively. For the validation 
substances the most sensitive endpoint depended on test design. There were only FSDTs 
available for methyl paraben and propyl paraben, where the NOECs were based on 
survival/growth or sex ratio, respectively. In the FSTRA with both these substances the 
NOEC was based on a reduction in the number of fertilised eggs.  

Fenbuconazole, cyproconazole, propiconazole and prochloraz all have some evidence for 
aromatase inhibition in vitro and (except for fenbuconazole where no data were available) 
inhibition of VTG in female fish in vivo. The lowest NOEC for all these substances is 
reduced reproduction in an OECD CF Level 5 test. Of these substances there are only 
comparative data for effects in an FSDT for prochloraz, and here the effect on sex ratio in 
the FSDT was relatively insensitive compared with reduced reproduction in the FLCTT. 
For the anti-androgen vinclozolin the lowest NOEC was based on larval survival in a 
MEOGRT, with larval survival and fecundity being affected at the lowest test concentration 
in the second FLCTT. 

These data (and knowledge from AOPs) suggest that there will be differences in endpoint 
sensitivity depending on the endocrine MoA as well as potency. However, it can be difficult 
to predict with certainty what the most sensitive endpoint will be for any particular 
substance because it may vary based on test design (e.g. part of the lifecycle assessed) 
or species (e.g. sex ratio was less sensitive to ER agonist activity in an FSDT with G. 
aculeatus compared with O. latipes and D. rerio, which is recognised in the TG).  

8.2 Final reflections 

8.2.1 What dataset is sufficient for PNEC derivation for EDCs? 

There does not appear to be any reason why threshold values for EAS modalities cannot 
be derived in principle (Matthiessen et al., 2017). UBA (2014) concluded that NMDR is of 
low relevance for the environment. The findings for the substances considered in this 
report suggest that NMDR can in any case be addressed within the existing risk 
assessment framework (e.g. increased growth in fish as a possible secondary effect of the 
ER agonist MoA). Concerns regarding threshold levels for EDCs are driven by the high 
potency of some receptor mediated substances, like EE2. The present assessment 
suggests the variable quality of the EE2 dataset may have contributed to uncertainties 
around threshold levels, because none of the studies were conducted for regulatory 
purposes. Nevertheless, there is no strong evidence for any effect of EE2 on mechanistic 
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or population-relevant endpoints in fish below 0.01 ng/L, and this can therefore be 
considered a benchmark for other EDCs with EAS modalities.  

This is a notably low concentration, and in practical risk assessment terms is almost 
equivalent to saying EE2 has no safe level of exposure. However, potency is an important 
factor in receptor mediated activity as demonstrated by in vitro data, and this is reflected in 
the different PNECs derived for the three case study substances. Assuming that all EDCs 
are equally toxic for risk management purposes is not scientifically defensible. 

The proposal for a sufficient dataset for an EDC acting via an EAS MoA is an OECD CF 
Level 5 fish study. Testing should cover the sensitive window for sexual differentiation as 
well as reproduction, and include mechanistic endpoints relevant for the MoA of concern to 
provide context and confidence about the outcome. Ideally the study would follow 
regulatory accepted test designs (i.e. OECD TG 240 or OPPTS 850.1500) and be 
performed according to the principles of Good Laboratory Practice. A recognised test 
design would address the issue raised by the non-standard study for EE2 discussed in 
Section 6.1. Based on this review, a regulatory standard Level 5 fish study is often the 
most sensitive result in the dataset for an EDC. Even where the Level 5 NOEC is not the 
most sensitive result, the availability of such a study should provide confidence that many 
of the concerns associated with ED properties have been addressed, in line with the 
SETAC Pellston Workshop® criteria. For example, relevant taxa and endpoints are 
addressed, and sensitive life-stages and multigenerational effects are considered. 

An AF of 10 applied to the result from an OECD CF Level 5 study may be assumed to be 
protective for effects on other gill-breathing vertebrates in freshwater aquatic 
environments, by analogy with the approach taken for chemicals in general. Mechanistic 
effects often occur at lower test concentrations compared with population-relevant 
endpoints. Therefore, if the derived PNEC is lower than the NOEC for mechanistic effects 
there can be increased confidence that the value will be protective for ED properties. It is 
nevertheless acknowledged that further evidence of responses in species with alternative 
reproductive strategies (such as live bearers) or longer life spans than the species used in 
regulatory testing would provide further reassurance on this point.  

The unknown relative sensitivity of marine fish species is an additional uncertainty that 
may need to be considered for marine environments. As discussed in Section 110, the 
available evidence does not suggest that marine species will be markedly more sensitive 
compared with freshwater species, but there is only relevant comparative data based on 
similar study designs for one substance (propiconazole, where the difference between the 
two NOECs is < 2). The approach used for standard risk assessment (ECHA, 2008) could 
be followed, whereby an additional AF of 10 is applied to the PNEC for freshwater to 
account for effects in marine species in the absence of sufficient marine organism toxicity 
data. However, the additional AF for marine systems is intended to cover the increased 
diversity of marine taxa in general, particularly invertebrates which have low relevance for 
endocrine effects based on EAS modalities.  

It is suggested that the additional AFs proposed by James et al. (2023) are not required, 
provided a fully reliable regulatory standard Level 5 test is available. PNECs derived 
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following the decision tree in James et al. (2023) were the most precautionary, with the 
exception of the Level 3 PNEC, for substances where Level 5 fish data are available 
(Figure 7 and Figure 8). However, the additional AFs are applied based on whether 
endocrine mediated endpoints have been addressed or not, essentially giving data from 
an FSDT or MEOGRT equivalent weight. This may not be sufficiently protective in cases 
where only the FSDT is available (see methyl paraben and propyl paraben in Figure 7). 
Especially for the ER agonist MoA (where fish are usually the most sensitive species), 
applying a default AF of 10 to a dataset without OECD CF Level 4 or 5 fish data, wherein 
ED endpoints are not explored, would not provide the necessary reassurance that the 
PNEC is protective for ED effects. The approach proposed in this report is therefore 
considered to be more refined. 

It is acknowledged that existing test guidelines do not address potentially subtle effects of 
EDCs, such as changes in behaviour or an increased susceptibility to diseases as 
discussed in UBA (2014). However, chemicals with non-ED MoAs might also cause such 
effects, so this issue needs to be considered at a more general level.  

8.2.2 Limited datasets 

An FSDT covers sensitive life stages and incorporates mechanistic endpoints, but does 
not address concerns for multigeneration effects or effects on reproduction. Comparing the 
sensitivity of the FSDT with Level 5 studies is difficult because of the limited number of 
tests conducted, but an additional AF of 10 (total AF of 100) is recommended to be applied 
to the NOEC from a Level 4 fish study to account for the additional uncertainty if a Level 5 
fish test is not available. A FELS test could be used for this purpose, because the findings 
of this report suggest that the FSDT is not necessarily more sensitive when population 
relevant endpoints are considered. A more detailed review of the sensitivity of the FELS 
study versus the FSDT with a wider range of substances may provide more clarity on the 
use of these studies in deriving a PNEC for an EDC. That said, it is highly unusual for an 
SVHC identified as an environmental EDC (based on aquatic ecotoxicity data) to have 
neither an FSDT nor Level 5 study. 

An AF of 1 000 is proposed to be applied to the Level 3 FSTRA. This screening assay is 
usually conducted with wide spacing of test concentrations and does not cover sensitive 
embryo life stages. The AF is therefore deliberately precautionary. As discussed in Section 
105, there is a need for this option to be retained in circumstances where only Level 3 
FSTRA data are available.  

Derivation of a PNEC for an EDC using relatively small datasets is inherently uncertain. 
The outcomes should therefore be subject to a degree of expert judgement to ensure that 
they appear sensible and sufficiently protective. This is likely to be particularly important 
when there are differences regarding the interpretation of the results of key studies. This is 
demonstrated with the MEOGRT study outcomes for prochloraz, where refinement of the 
PNEC depends on which NOEC is selected for use in the assessment. Therefore, while 
default additional AFs are not considered necessary as standard as part of the proposed 
approach, additional uncertainty could be accounted for by using a small additional AF of 5 
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on a case-by-case basis. Additional AFs could be applied at any tier but would need to be 
fully justified. Justifications would include evidence for a NMDR or lack of adequate 
protection for mechanistic effects.  
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9. Conclusions and recommendations  

9.1 Conclusions 
PNECs were derived for NP, OP and EE2 using datasets which consisted of OECD CF 
Level 4 and 5 vertebrate data as shown in Table 35. Invertebrates were initially included in 
the datasets for NP and OP to maximise the species diversity but the resulting probabilistic 
HC5 value was not protective for the ED properties. Since invertebrates are not known to 
have the relevant receptors for EAS mediated effects, they were subsequently excluded 
from further consideration.  

Probabilistic assessments were conducted for OP and EE2, with both datasets being 
based on NOEC values from six aquatic vertebrate species, which is the minimum 
required for a probabilistic assessment using ssdtools. Ssdtools was chosen for the 
probabilistic assessment because it allows fitting of multiple models to the dataset. This 
was considered useful for demonstrating that a change in the model fit has the potential to 
impact the HC5 value for small datasets and hence the outcome of the assessment. For 
both OP and EE2 the average model fit was used for the probabilistic assessment. There 
were insufficient data available for NP to allow a probabilistic PNEC to be derived.  

Table 35 PNECs for NP, OP and EE2 

Substance Type of 
PNEC 

PNEC 
value a 

Biomarker 
NOEC 

 Unit AF Vertebrate dataset 

NP Deterministic 0.064 0.4 µg/L 10 1 MEOGRT 

2 FELS 

OP Deterministic 0.61 1 µg/L 10 7 FSDT  

1 FELS 

3 LAGDA 

1 MEOGRT 

1 FLCTT 

Probabilistic 0.77 µg/L 5 

EE2 Deterministic 0.005 0.025 ng/L 10 
b 

2 Level 4 with fish c 

1 Level 4 with 
amphibians 

5 FLCTT c  Probabilistic 0.006 ng/L 5 

a Preferred PNECs are in bold. 
b A safety margin is already provided by the NOEC from the key study, since the exposure 
concentrations are widely spaced (other supporting data for the same species suggest that 
the NOEC could be higher).   
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s Included insensitive NOECs from studies without embryo exposure. 

The vertebrate datasets were assessed for suitability for PNEC derivation against the 
SETAC Pellston Workshop® criteria. These require the dataset to cover sensitive life 
stages and endpoints, multiple generations, and latent effects. It is also important to 
consider evidence for NMDR and for whether an ETNC can be determined (i.e. whether 
effects might be expected at test concentrations lower than those that have been tested). 
All the datasets were considered acceptable as all included multigeneration studies with 
fish. There were no concerns for NMDR which would not be addressed as part of the risk 
assessment (some evidence for increased growth of fish potentially related to the ER 
agonism MoA). For EE2 there were some initial concerns regarding the ETNC because 
despite the extensive number of available studies, many were unbounded and there were 
wide confidence limits around the HC5 value from the SSD. Furthermore, consideration of 
the reliable data for EE2 found that studies for two of the species did not include exposure 
of embryos and were relatively insensitive. The driving NOEC value, from a study with D. 
rerio, was very sensitive but this was because there was a factor of 10 spacing between 
treatments, compared with the factor of 2 applied to the NOEC from an unbounded study 
with a similar percentage level of effect. The sensitive NOEC at the low end of the SSD led 
to uncertainty in the HC5 value. When the nine reliable NOECs were considered (including 
multiple Level 5 studies with some species) there was no evidence for either biomarker or 
population-relevant effects of EE2 below 0.01 ng/L (which is similar to the EU EQS value). 
The preferred PNEC for EE2 is the deterministic PNEC of 0.005 ng/L because, when two 
species were excluded from the dataset owing to irrelevant study design (i.e. equivalent to 
Level 3 tests), there were insufficient species for an SSD. 

The PNEC values for EE2, NP and OP were consistent with the relative potency of the 
substances for ER agonist activity based on the ToxCast bioactivity model and VTG 
induction in the available FSTRAs. Threshold values were therefore considered possible 
based on individual substance data (PNECs) and for the ER agonist MoA. 

The PNECs in Table 35 are based on applying a standard default AF of 10 for 
deterministic assessment and 5 for a probabilistic assessment. Given the perceived 
hazard caused by EDCs, some researchers have suggested that additional AFs are 
needed, but this assessment has concluded this is generally over-precautionary because 
all PNECs were considered protective for the NOECs for mechanistic “biomarker” 
endpoints (when assessed in the context of study design). There may, however, be a case 
for using an additional AF of 5, for example where the dataset does not meet the SETAC 
Pellston Workshop® criteria (e.g. evidence for NMDR) or where the PNEC is not protective 
for relevant mechanistic effects. 

The datasets for NP, OP and EE2 were used to propose AFs for use with chemicals with a 
limited dataset of studies to account for the ED properties: an AF of 10 when the dataset 
includes an OECD CF Level 5 study, 100 for a CF level 4 study and 1 000 for an OECD 
CF Level 3 FSTRA. These proposals were reviewed using eight ‘validation’ substances 
with EAS activity and different amounts of reliable fish data, with PNECs given in Table 36.  
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Table 36 PNECs for validation substances 

Substance Maximum ED 
dataset 

Assessment factor PNEC (µg/L) 

Methyl paraben FSDT 100 0.24 

Propyl paraben FSDT 100 1.65 

3-Benzylidene 
camphor 

FSTRA 1 000 0.033 

Fenbuconazole Level 5 FLCTT 10 2.3 

Cyproconazole Level 5 FLCTT 10 (algae) 2.1 

Propiconazole Two Level 5 FLCTT 10 6.8 

Prochloraz Level 5 FLCTT and 
MEOGRT 

10 (algae) 0.32 

Vinclozolin Level 5 FLCTT and 
MEOGRT 

10 1.73 

Note: For cyproconazole and prochloraz, fish were not the most sensitive species in the 
dataset and so the AF is applied to the result from the lowest NOECs, which were for 
algae. 

Except for vinclozolin (where the NOECs based on mechanistic data were unbounded) all 
PNECs were considered protective for mechanistic effects. 

The PNECs could not always be explained by potency of the ED mechanism. For 
example, methyl paraben should be less potent compared with propyl paraben based on 
the ToxCast bioactivity model and in vivo effects in the FSTRA. The most sensitive 
population-relevant NOEC for methyl paraben in the FSDT was for survival/growth, in 
contrast to sex ratio for propyl paraben. The differences could potentially be explained by 
an alternative MoA, but this is unconfirmed. This suggests caution is necessary when 
using relative potency to read across ED property data between substances. 

For substances where there was more than one regulatory style Level 5 study available, a 
factor of 10 was protective for species differences. It was not possible to compare the 
sensitivity of the FSDT versus a Level 5 study but in general FSDT and FELS studies 
showed similar sensitivity. Since these Level 4 studies do not cover effects on 
reproduction or multigeneration effects, an additional AF of 10 seems justified. 
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Overall, the proposed AFs appear suitable for addressing the ED properties in fish and the 
approach gives more weight to the availability of relevant ED data compared with 
alternative approaches which propose an additional default AF to account for the ED 
properties.  

9.2 Recommendations 
An OECD CF Level 5 fish study covering the sensitive window for sexual differentiation 
and reproductive effects is considered ‘sufficient’ with an AF of 10 for deriving a reliable 
PNEC to address ED properties via EAS modalities. It is expected that such studies would 
include relevant mechanistic data. Such tests would be expected to follow the principles of 
OECD TG 240 or OPPTS 850.1500 (and ideally Good Laboratory Practice). Non-standard 
Level 5 studies that were not performed according to these principles require additional 
scrutiny to ensure acceptable lifecycle coverage.   

A higher AF of 100 is proposed when only data from OECD CF Level 4 are available (i.e. 
the FSDT) to account for sensitivity differences relating to test design. A FELS test does 
not provide mechanistic information and therefore is not sufficient for assessing ED 
properties, but the available data suggest that an AF of 100 applied to the NOEC for 
population-relevant parameters from this study may be adequately protective. Whilst this is 
unlikely to be relevant for environmental EDCs identified as SVHCs (which generally have 
data from FSDT or Level 5 studies), it might be useful if a group assessment is being 
performed.  

Very few SVHCs only have Level 3 FSTRA data available. A precautionary AF of 1 000 
can be applied to the NOEC from such studies to derive a PNEC for screening risk 
assessment purposes, although the result should be carefully considered alongside other 
relevant data (in vitro data or data for similar substances) for plausibility.  

The recommended AFs are summarised in Table 37.  

Table 37 AFs to be applied to fish toxicity data for deriving a deterministic PNEC to 
address ED properties via EAS modalities  

Available data Assessment factor a 

Lowest NOEC/EC10 from a Level 3 FSTRA 1 000 

Lowest NOEC/EC10 from a Level 4 fish study (FSDT 
preferred b)  

100  

Lowest NOEC/EC10 from a Level 5 fish study covering the 
sensitive window for sexual differentiation and 
reproduction 

10 
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a A small additional AF of 5 could be applied at any tier on a case-by-case basis but would 
need to be justified. Justifications would include evidence for a NMDR or lack of adequate 
protection for mechanistic effects. 
b The available data suggest that FELS tests and FSDTs may have similar sensitivity for 
population-relevant endpoints. 

This proposal is justified based on applying the SETAC Pellston Workshop® criteria and on 
demonstrating that an ETNC can be established based on receptor-mediated endocrine 
activity (e.g. ER agonism). Where additional uncertainties are identified within the reliable 
and relevant dataset, an additional AF of up to 5 could be applied (e.g. to account for 
NMDR or where a PNEC is not protective for mechanistic effects). Additional AFs should 
be fully justified. 

A future applicant for authorisation who wishes to make an argument about adequate 
control would be expected to describe how the SETAC Pellston Workshop® criteria apply 
to the data for their substance. If they cannot show that the criteria are met, they would 
have to use the socioeconomic route described in Section 11. Applicants would need clear 
regulatory guidance to follow, which could be based on this report. Such guidance would 
also allow the regulator to judge when the database for a chemical is sufficient for 
quantitative risk assessment purposes, which is relevant to restrictions of EDCs under 
REACH, and to guide Substance Evaluation decisions. 

The approach does not account for mixtures of substances acting via the same ED 
mechanism (for a discussion of this issue, see EA, 2022). 

Refinement of a PNEC using probabilistic methods is plausible following the approaches 
taken in this report, including assessing the quality of the dataset against the SETAC 
Pellston Workshop® criteria. However, a dataset of six reliable and relevant Level 4 and 5 
fish studies will rarely be available, and it is not ethically justified to generate new data for 
this purpose. There are general ambitions to phase out or reduce animal testing in the 
long-term. Until there is a better understanding of how threshold levels for an EDC can be 
derived through alternative methods, it is difficult to justify extrapolation from shorter, less 
animal intensive studies or even from non-animal data. Nevertheless, this project suggests 
it is possible to derive precautionary threshold values for an ED using data from FSTRA or 
FELS studies if the limitations of such an approach are acknowledged. 

When using a PNEC derived from ED properties in fish for risk assessment, data for other 
taxonomic groups should also be checked in case fish are not the most sensitive taxa. For 
example, algae were the most sensitive taxa for the pesticides cyproconazole and 
prochloraz, so an ED PNEC would not be sufficiently protective. In this regard, it is worth 
noting that some EDCs have been developed to target specific taxonomic groups (e.g. 
micro-organisms in the case of azole fungicides). 

9.3 Suggestions for further work 
There have been many advances in fish testing for EDCs over the last twenty years and 
confidence in the outcomes of regulatory assessments of EDCs has therefore increased. 
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However, from this analysis there remain uncertainties and the following further work could 
be conducted to address them:  

1. There remain data gaps for EAS modalities (based on the present analysis) for 
comparative Level 5 studies measuring relevant effects on marine species, long 
lived species, species with alternative reproductive strategies and amphibians. 
There may be existing data in the scientific literature to fill these knowledge gaps 
especially for the ER agonist MoA (e.g. for oestradiol, oestrone or 4-tert-
pentylphenol) to improve confidence that the proposed AF will cover these groups. 
Comparative data should ideally cover the sensitive windows for sexual 
differentiation and reproductive effects.  

2. The application of the approach to a larger number of validation substances would 
provide additional reassurance in its acceptability. 

3. Although there are uncertainties in the data quality for deriving a PNEC for EE2, it 
has been included in “real world” exposure scenarios (e.g. Kidd et al., 2014) albeit 
at concentrations above the proposed PNEC. A review of population models 
associated with this dataset may provide additional confidence for the proposed 
threshold level. 

4. The FSDT is often used to investigate ED effects, but the present review has found 
that it can be less sensitive compared with Level 5 tests (and even equivalent level 
4 FELS studies), that sensitivity may vary depending on the EAS mechanism and 
that the guidance for when this study should be required instead of a Level 5 test is 
unspecific. We recommend conducting a review of the FSDT to compare the 
sensitivity of this study with other fish tests for substances with different EAS MoA. 
This review could improve confidence in PNECs derived using this study, and 
provide more guidance on which endocrine mechanisms are reliably detected using 
the FSDT. 

5. Further work could be done to explore what dataset (and associated AFs) are 
considered sufficient for risk assessment of thyroid active substances. A data gap 
for assessing effects via the thyroid is the lack of mechanistic endpoints which can 
currently be measured in fish. 

6. The FSTRA was not sensitive in detecting VTG inhibition in a life cycle test for the 
pesticide cyproconazole. This is an aromatase inhibitor with relatively low potency. 
This might be related to variability in VTG measurements. A detailed assessment of 
the study (including assessment of proficiency criteria for VTG measurement 
according to Burden et al., 2023) could be conducted to assess its reliability for 
PNEC derivation assuming the data are available. To improve general confidence 
in VTG measurements it is recommended to take into consideration the outcome of 
an ongoing OECD review.  

7. Issues have been identified with interpreting the outcomes from the MEOGRT, for 
example inconsistent statistically significant effects on growth parameters at 
different stages of the life cycle leading to uncertainty regarding biological relevance 
(Flynn et al., 2017; Watanabe et al., 2017). Efforts to improve the MEOGRT or 
develop validated alternatives to this study are therefore recommended (there are 
potential advantages to designing bespoke fish studies to investigate a specific 
MoA or concern).  
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8. Further consideration could be given to whether PNECs for air-breathing organisms 
can be derived using a similar approach. This is relevant for SVHCs identified as 
environmental EDCs based on mammalian or avian toxicity.  
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Appendix A: Case Study Substance 
Information 

A.1 Nonylphenol  
This assessment covers NP and its isomers and NPEOs, as outlined in the ECHA 
restriction dossier. The term “NP” may apply to a large number of substances and/or 
constituents thereof with the general molecular formula C6H4(OH)C9H19, in which an alkyl 
chain with the carbon number of nine is “attached” to the phenol (2014a). The inherent 
properties are however likely to be similar for all of them. The commercially produced NPs 
are predominantly 4-NP (also known as para-NP) with a varied and undefined degree of 
branching in the alkyl group. This assessment primarily focuses on 4-NP as this is the 
substance with the most information available. The generic structural formula for NP is 
shown below. 

 

Nonylphenol isomers can vary in two primary ways: 

• The position of the substitution of the nonyl group on the phenol group (ortho, meta 
and para positioning; shown below); and 

• The degree of branching on the nonyl group.  
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In total, over 550 isomers are possible. It has been shown that structural features of 
different alkylphenols affect their oestrogenic activity, and the oestrogenic effect of an 
individual NP isomer is heavily dependent upon the structure of the side chain (ECHA, 
2014). A list of NP isomers identified in ECHA (2014a) are shown in Table 38. 

Table 38 Nonylphenol substances listed in ECHA (2014a) 

Name CAS no. EC no.  

Nonylphenol 25154-52-3 246-672-0 

Isononylphenol 11066-49-2 234-284-4 

Phenol, nonyl-, branched 90481-04-2 291-844-0 

Phenol, 4-nonyl-, branched 84852-15-3 284-325-5 

p-Nonylphenol 104-40-5 203-199-4 

p-Isononylphenol   26543-97-5 247-770-6 

p-(Nonan-2-yl))phenol 17404-66-9 241-427-4 

p-(2-Methyloctan-2-yl)phenol 30784-30-6 250-339-5 

4-(3-Methyloctan-3-yl)phenol 52427-13-1 257-907-1 

o-Nonylphenol 136-83-4 205-263-7 

o-Isononylphenol 27938-31-4 248-741-0 

Phenol, 2-nonyl-, branched 91672-41-2 294-048-1 

m-Nonylphenol 139-84-4 205-376-1 

Neononylphenol- 1196678-78-0 - 

4-(3,5-Dimethylheptan-3-yl)phenol 186825-36-5 - 

4-(3,6-Dimethylheptan-3-yl)phenol 142731-63-3 - 

2-(Nonan-2-yl)phenol 17404-45-4 - 
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Name CAS no. EC no.  

Phenol, 2-tert-nonyl- 89585-68-2 - 

Phenol, sec-nonyl- 97372-03-7 - 

Phenol, 4-tert-nonyl- 58865-77-3 - 

Phenol, o-sec-nonyl- 27214-48-8 - 

Phenol, p-sec-nonyl- 27072-91-9 - 

 

The physicochemical properties for 4-NP are shown in Table 39. Data are from ECHA 
(2014a).  

Table 39 Physicochemical properties of 4-nonylphenol (CAS: 104-40-5) based on 
data from ECHA (2014a) 

Property Value  

Molecular weight 220.34 g/mol 

Relative density 0.95 at 20 °C 

Vapour pressure 0.3 Pa at 25 °C 

Partition coefficient Log KOW: 4.48 – 5.41 

Water solubility 6 mg/L at 20 °C 
1 Range of Log KOW values may relate to the variability of the commercial 4-nonyl 
(branched) compound, including its impurities 
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A.2 Octylphenol 
For OP, this assessment primarily focuses on 4-tert-octylphenol (CAS 140-66-9; EC: 205-
426-2) as this is the substance with the most information available and which has known 
oestrogenic activity. The molecular formula for 4-tert-octylphenol is C14H22O, and the 
structural is shown below.  

 

The physicochemical properties of 4-tert-octylphenol are given in the Table 40 based on 
data from ECHA (2012). 

 

Table 40 Physicochemical properties of 4-tert-octylphenol (CAS 140-66-9) based on 
data from ECHA (2012) 

Property Value 

Molecular weight 206.32 g mol-1 

Relative density 950 kg m-3 (temperature not indicated) 

Vapour pressure 1.0 Pa at 20 °C 

Partition coefficient Log KOW: 4.12 at 20.5 °C 

Water solubility 19 mg/L at 22 °C 
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A.3 17α-Ethinyloestradiol 
This assessment focuses on EE2 (CAS: 57-63-6; EC: 200-342-2). 17α-ethinyloestradiol is 
classed as an oestrogen/synthetic steroid and has the molecular formula C19H24O2. The 
structural formula for EE2 is shown below.  

 

The physicochemical properties of EE2 are given in the Table 41 based on data from JRC 
(2022). 

Table 41 Physicochemical properties of EE2 (CAS 57-63-6) based on data from JRC 
(2022)  

Property Value1 

Molecular weight 296.41 g/mol 

Vapour pressure 6 x10-9 Pa at 25 °C 

Partition coefficient Log KOC: 2.92 – 5.44 

Log KOW: 4.2 at 25 °C 

Water solubility 4.3 – 19 mg/L at 20 °C 
1 Data taken from Good Laboratory Practice (GLP) studies where available, otherwise data 
given as range 
 
 



 

 

Appendix B: OECD Conceptual Framework for Endocrine Disruptors 
The revised Conceptual Framework for Testing and Assessment of Endocrine Disrupters (OECD 2018) is given in Table 42.  

Table 42 OECD Revised Conceptual Framework for Testing and Assessment of Endocrine Disrupters (OECD 2018) 

 Mammalian and non-mammalian toxicology 

Level 1: Existing 
data and existing or 
new non-test 
information 

• Physical & chemical properties, e.g. MW reactivity, volatility, biodegradability 
• All available (eco)toxicological data from standardised or non-standardised tests 
• Read across, chemical categories, QSARs and other in silico predictions, and ADME model predictions 

Level 2: In vitro 
assays providing 
data about selected 
endocrine 
mechanism(s) / 
pathways(s)  

• Oestrogen (OECD TG 493) or androgen receptor binding affinity (US EPA TG OPPTS 890.1150)  
• Oestrogen receptor transactivation (OECD TG 455), yeast oestrogen screen (ISO 19040-1,2&3)  
• Androgen receptor transactivation (OECD TG 458)  
• Steroidogenesis in vitro (OECD TG 456)  
• Aromatase assay (US EPA TG OPPTS 890.1200)  
• Thyroid disruption assays (e.g. thyroperoxidase inhibition, transthyretin binding)  
• Retinoid receptor transactivation assays  
• Other hormone receptors assays as appropriate  
• High-throughput screens (See OECD GD No. 211 describing non-guideline in vitro test methods) 
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 Mammalian toxicology3 Non-mammalian toxicology3 

Level 3: In vivo 
assays providing data 
about selected 
endocrine 
mechanism(s) / 
pathway(s)1 

• Uterotrophic assay (OECD TG 440)  
• Hershberger assay (OECD TG 441) 

• Amphibian metamorphosis assay (AMA) (OECD TG 231)  
• Fish short term reproduction assay (FSTRA) (OECD TG 

229)2  
• 21 day fish assay (OECD TG 230)  
• Androgenised female stickleback screen (AFSS) (OECD 

GD 148)  
• EASZY assay. Detection of substances acting through 

oestrogen receptors using transgenic cyp19a1b GFP 
zebrafish embryos. (OECD TG 250)  

• Xenopus embryonic thyroid signalling assay XETA) (OECD 
TG 248)  

• Juvenile medaka anti-androgen screening assay (JMASA) 
(draft OECD GD)  

• Short-term juvenile hormone activity screening assay using 
Daphnia magna (draft OECD TG)  

• Rapid Androgen Disruption Adverse Outcome Reporter 
(RADAR) Assay (OECD TG 251) 

Level 4: In vivo 
assays providing data 
on adverse effects on 
endocrine relevant 
endpoints2 

• Repeated dose 28 day study (OECD TG 407)  
• Repeated dose 90 day study (OECD TG 408)  
• Pubertal development and thyroid function assay 

in peripubertal male rats (PP male assay) (US 
EPA TG OPPTS 890.1500)  

• Pubertal development and thyroid function assay 
in peripubertal female rats (PP female assay) (US 
EPA TG OPPTS 890.1450)  

• Prenatal developmental toxicity study (OECD TG 
414)  

• Fish sexual development test (FSDT) (OECD TG 234)  
• Larval amphibian growth & development assay (LAGDA) 

(OECD TG 241)  
• Avian reproduction assay (OECD TG 206)  
• Fish early life stage (ELS) toxicity test (OECD TG 210)  
• New guidance document on harpacticoid copepod 

development and reproduction test with Amphiascus 
(OECD GD 201)2  

• Potamopyrgus antipodarum reproduction test (OECD TG 
242)4  

• Lymnaea stagnalis reproduction test (OECD TG 243)4  
• Chironomid toxicity test (OECD TG 218-219)4  
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• Combined chronic toxicity and carcinogenicity 
studies (OECD TG 451-3)  

• Reproduction/developmental toxicity screening 
test (OECD TG 421) 

• Combined repeated dose toxicity study with the 
reproduction/developmental toxicity screening 
test (OECD TG 422)  

• Developmental neurotoxicity study (OECD TG 
426)  

• Sub-chronic dermal toxicity: 90 day study (OECD 
TG 411)  

• Sub-chronic inhalation toxicity: 90 day study 
(OECD TG 413)  

• Repeated dose 90-day oral toxicity study in non-
rodents (OECD TG 409) 

• Daphnia magna reproduction test (with male induction) 
(OECD TG 211)4  

• Earthworm reproduction test (OECD TG 222)4  
• Enchytraeid reproduction test (OECD TG 220)4  
• Sediment water Lumbriculus toxicity test using spiked 

sediment (OECD TG 225)4  
• Predatory mite reproduction test in soil (OECD TG 226)4  
• Collembolan reproduction test in soil (OECD TG 232)4 

Level 5: In vivo 
assays providing 
more comprehensive 
data on adverse 
effects on endocrine 
relevant endpoints 
over more extensive 
parts of the life cycle 
of the organism2 

• Extended one-generation reproductive toxicity 
study (EOGRTS) (OECD TG 443)5  

• 2-Generation reproduction toxicity study (OECD 
TG 416 most recent update) 

• Fish lifecycle toxicity test (FLCTT) (US EPA TG OPPTS 
850.1500)  

• Medaka extended one-generation reproduction test 
(MEOGRT) (OECD TG 240)  

• Avian 2 generation toxicity test in the Japanese quail 
(ATGT) (US EPA TG OCSPP 890.2100/740-C-15-003)  

• Sediment water chironomid life cycle toxicity test (OECD TG 
233)4  

• Daphnia multigeneration test for assessment of EDCs (draft 
OECD TG)4  

• Zebrafish extended one generation reproduction test 
(ZEOGRT) (draft OECD TG) 

1 Some assays may also provide some evidence of adverse effects.  
2 Effects can be sensitive to more than one mechanism and may be due to non-ED mechanisms.  
3 Depending on the guideline/protocol used, the fact that a substance may interact with a hormone system in these assays does not 
necessarily mean that when the substance is used it will cause adverse effects in humans or ecological systems.  
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4 At present, the available invertebrate assays solely involve apical endpoints which are able to respond to some EDCs and some non-
EDs. Those in Level 4 are partial lifecycle tests, while those in Level 5 are full- or multiple lifecycle tests.  
5 The new EOGRT study (OECD TG 443) is preferable for detecting endocrine disruption because it provides an evaluation of a number 
of endocrine endpoints in the juvenile and adult F1, which are not included in the 2-generation study (OECD TG 416) adopted in 2001.  

Notes to the OECD Revised Conceptual Framework: 

Note 1: Entering at all levels and exiting at all levels is possible and depends upon the nature of existing information and needs for testing 
and assessment.  

Note 2: The assessment of each chemical should be made on a case by case basis, taking into account all available information.  

Note 3: The framework should not be considered as all-inclusive at the present time. It includes assays that are either available, or for 
which validation is under way. With respect to the latter, these are provisionally included. At Level 2 some assays are not (yet) proposed 
for validation but are included because they may provide information on important molecular interactions. 

 



 

 

Appendix C: Nonylphenol dataset 
Table 43 Summary of Level 3 fish and amphibian studies, and fish growth studies for nonylphenol  
Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

 LOEC NOEC  
Oryzias 
latipes 
 

Fish short term 
reproduction assay 
Test item: 4-NP-
branched 

1 Test guideline study 
meeting validity criteria. 
Results are transparent 
and well reported (this 
report) 

5.63, 18.8, 
51.8, 170 

VTG induction 
in males 5.63; 
and females 
18.8 
HSI in males 
51.8 
Reproduction 
51.8 

VTG induction 
in males < 5.63; 
and females 
5.63 
HSI in males 
18.8 
Reproduction 
18.8 

Kawashima 
et al., 2021 
[30] 

Oryzias 
latipes 

Fish short term 
reproduction assay 
(21-day exposure). 
Semi-static exposure. 
Test item: 4-NP 

2 (ECHA, 2012) 5.4, 16.5, 61.2  Hepatic VTG 
5.4 
Hepatosomatic 
index 16.5 
Fertility 61.2 
Hatchability 
61.2 

Hepatic VTG 
< 5.4 
Hepatosomatic 
index 5.4 
Fertility 16.5 
Hatchability 
16.5 

 

Ishibashi et 
al., 2006 
[59] 

Oryzias 
latipes 

Modified fish short 
term reproduction 
assay (21-day 
exposure). Flow-
through exposure.  

2 (ECHA, 2012) 24.8, 50.9, 
101, 184  

Hepatic VTG 
50.9 
Fecundity 101 
Fertility 184 

Hepatic VTG 
24.8 
Fecundity 50.9 
Fertility 101 

Kang et al., 
2003 [60] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

 LOEC NOEC  
Test item: 4-NP, 
mixture of isomers 

Gonadosomatic 
index 184 

Gonadosomatic 
index 101 

Pimephales 
promelas 

Fish short term 
reproduction assay 
(21-day exposure). 
Flow-through 
exposure. 
Test item: 4-NP, 
technical grade, 
branched chain 
isomers 

2 (ECHA, 2012) 
 
Data from experiment 
2 not included because the 
assessment from ECHA 
(2012) was that the 
information should be used 
with care due to low 
reproduction performance 
in controls 

71  Plasma VTG 
71 
Spawned eggs 
71 

Growth > 71 
Plasma VTG < 
71 
Spawned eggs 
< 71 

Harries et 
al., 2000 
[61] 

Pimephales 
promelas 

Fish short term  
reproduction assay 
(42-day exposure). 
Flow-through 
exposure. 
Test item: 4-NP 

2 (ECHA, 2012) 0.05, 0.16, 
0.4, 1.6, 3.4  

Testis histology 
1.6 
 

Testis histology 
0.4 
Secondary sex 
characteristics 
> 3.4 

Miles-
Richardson 
et al., 1999 
[69] 

Pimephales 
promelas 

Similar to fish juvenile 
growth test. 28-day 
exposure. Flow-
through exposure.  
Test item: 4-NP 

1 (ECHA, 2014) Not in ECHA 
summary 

Mortality 193 
Growth 77.5 

Mortality 77.5 
Growth 38 

Brooke et 
al., 1993b 
[67] 

Pimephales 
promelas 

Reproduction 
screening assay. 28-
day exposure. Flow-
through exposure.  
Test item: 4-NP 

1 (ECHA, 2014) Not in ECHA 
summary 

- Mortality > 3.2 
Gonadosomatic 
index > 3.2 
VTG > 3.2 
Histology > 3.2 
 

Schoenfuss 
et al., 2008 
[68] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

 LOEC NOEC  
Oncorhynchus 
mykiss 

Reproduction 
screening assay in 
females (18-weeks 
exposure). Flow-
through exposure. 
Test item: 4-NP, 
mixture of isomers 

2 (ECHA, 2012) 0.7, 8.3, 85.6  Plasma VTG 
8.3 
Plasma 
oestradiol 85.6 
Gonadosomatic 
index 85.6 

Plasma VTG 
0.7 
Plasma 
oestradiol 8.3  
Gonadosomatic 
index 8.3 

Harris et 
al., 2001 
[62] 

Oncorhynchus 
mykiss 

Reproduction 
screening assay in 
males (3-weeks 
exposure). Flow-
through exposure. 
Test item: 4-NP, 4-
substituted isomers 

2 (ECHA, 2012) 0.24, 1.06, 
1.85, 5.02, 
20.3, 54.3  

VTG 20.3 
Gonadosomatic 
index 54.3 

VTG 5.02 
Gonadosomatic 
index 20.3 

Jobling et 
al., 1996 
[63] 

Gobiocypris 
rarus 

Similar to fish short 
term reproduction 
assay (21-day 
exposure). Flow-
through exposure. 
Test item: 4-NP (90% 
4-NP, 10% 2-NP) and 
2% dinonylphenol). 

1 (ECHA, 2014) 4.52, 9.13, 
18.53 

Testis ova 18.5 
Liver lesions 
9.13 
Male plasma 
VTG 4.52 

Mortality >1 8.5 
Fertility > 18.5 
Reproduction 
> 18.5 
Testis ova 9.13 
Liver lesions 
4.52 
Male plasma 
VTG < 4.52 

Zha et al., 
2008 [64] 

Carassius 
auratus 

Adult male (2 -3 
years) exposure. 21-
day semi-static 
Test item: NP 
technical 

2 (ECHA, 2012) 1.39, 8.57, 
64.5 

Testis 
histopathology 
64.5 
Plasma 
oestrone and 

Testis 
histopathology 
8.57 
Plasma 
oestrone and 

Yang et al., 
2008 [87] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

 LOEC NOEC  
17β-oestradiol 
induced 8.57  
Testosterone 
reduced 8.57 

17β-oestradiol 
induced 1.39  
Testosterone 
reduced 1.39 

Lepomis 
macrochirus 
 

Similar to fish juvenile 
growth test. 28-day 
exposure. Flow-
through exposure.  
Test item: 4-NP 

1 (ECHA, 2014) Not in ECHA 
summary 

Mortality 126 Mortality 59.5 Brooke et 
al., 1993b 
[65] 

Salmo trutta 
 

Similar to fish juvenile 
growth test. 21-day 
exposure. Semi-static 
exposure.  
Test item: NP, 
branched, technical 
mixture (tNP) 

2 (IUCLID) 
3 Not relevant due to 
growth being the only 
population-relevant 
endpoint. For biomarker 
endpoints the methods are 
not sufficiently well 
described and therefore 
there are many 
assumptions. Analytical 
verification of test 
substances is minimal 
assumed only at test start. 
Controls for statistical 
comparisons unclear. 
Replication is low (3 males 
and 3 female) Results are 
inconsistent i.e. different 
effects in the sexes, 
increased mucus does not 

0.95, 8.72, 
91.67 (1, 10, 
100 nominal)  

Gill and 
intestine 
lesions 1 
Increased 
plasma calcium 
100 
Decreased 
TSH (not a 
concentration 
response) 1 
Increased 
Somatotropin 1 
(inverted 
concentration 
response) 

Weight > 100 
Length > 100 
 
Gill and 
intestine lesions 
< 1 
Increased 
plasma calcium 
10 
Decreased TSH 
(not a 
concentration 
response) < 1 
Increased 
Somatotropin 
< 1 (inverted 
concentration 
response) 

Shirdel et 
al., 2016 
[69] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

 LOEC NOEC  
reflect gill histopathology, 
thyroid hormone changes 
inconsistent (this report) 

Moxostoma 
hubbsi 
 

Fish growth test. 21-
day exposure. Flow-
through exposure.  
Test item: 4-NP 

2 (IUCLID) 13.2, 23.6, 
49.8, 71.3 

 Mortality > 50 IUCLID, 
2014 [70] 

Menidia 
beryllina 
 

Fish growth test. 28-
day exposure to 
juveniles. Semi-static 
exposure.  
Test item: n-NP 

3 Growth test not relevant. 
The study uses a semi-
static test design (where a 
flow through would be 
preferred), without detailed 
reporting of phys chem 
conditions (e.g. oxygen 
levels) or biomass loading. 
There is a lack of reporting 
of endpoints (e.g. actual 
growth measurements are 
not reported only the result 
relative to the control), and 
replication is not clear (e.g. 
different numbers of fish 
per tank compared with 
numbers used for growth 
assessment). There were 
no concentration 
dependent adverse effects 
on growth or sex ratio (this 
report) 

0.85, 10.58, 
47.86 (1, 10, 
50 nominal) 

VTG induction 
49.8 

Mortality > 71.3 
Growth > 71.3 
Sex ratio > 71.3 
VTG induction 
23.6 

Mehinto et 
al., 2018 
[35]  
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

 LOEC NOEC  
Xenopus 
laevis 

Amphibian 
metamorphosis assay 
Test item: 4-NP-
branched  

2 Guideline study which 
meets all relevant validity 
criteria. Results are 
transparent and well 
reported (this report) 

1.82, 5.17, 
12.5, 48.2 
 

Inc in SVL at all 
test 
concentrations 
at Day 21 (not 
adverse) 1.82 
(11.14 – 
23.48%)  

< 1.82 (Inc in 
SVL not 
adverse) 

Kamel et 
al., 2022 
[29] 

a Indicates the source for the reliability assessment 
b Population-relevant in black, mechanistic endpoints in red 
  



161 of 257 

Table 44 Summary of Level 4 studies for nonylphenol in fish 
Taxonomic 
group / 
species 

Study type Klimisch scorea Measured test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 
Oncorhynchus 
mykiss 

Early life stage test. 
91 days exposure 
under flow-through 
conditions. Growth 
endpoints measured 
at 51 days post-hatch. 
Test item: 4-NP 

2 (ECHA, 2014) 6.0, 10.3, 
23.1, 53.0, 
114  

Growth 
(reduced 
standard length 
and weight) 
10.3 
Larval 
abnormalities 
53.0 
Survival 23.1 

Growth 
(reduced 
standard length 
and weight) 6 
Larval 
abnormalities 
23.1 
Survival 10.3 

Brooke et 
al., 1993a; 
Spehar et 
al., 2010 [1] 

Oncorhynchus 
mykiss 

Similar to fish sexual 
development test. 1 
year exposure to 
embryonic, larval and 
juvenile stages under 
flow-through 
conditions. 
Test item: 4-NP 

2 (ECHA, 2012) 1.05, 10.17  Hepatic VTG 
1.05 
Zona radiata 
protein 10.17 

Hepatic VTG < 
1.05 
Zona radiata 
protein 1.05 
Mortality > 
10.17 
Growth (body 
weight) > 10.17 
Development 
(hatching rate, 
sex ratio) > 
10.17 
Histology: 
gonadal 
maturity and 
testis-ova 
> 10.17 

Ackermann 
et al., 2002 
[2] 

Oncorhynchus 
mykiss 

Similar to fish sexual 
development test. 35 
day exposure.  
Test item: 4-NP 

3 (ECHA, 2014) 1, 10, 30 
(nominal) 

Growth (weight, 
length) 10 
Ovosomatic 
index 30 

Growth (weight, 
length) 1 
Ovosomatic 
index 10 

Ashfield et 
al., 1998 
[17] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 
Oryzias 
latipes 

OPPTS 850.1500 
(Fish Life Cycle 
Toxicity). 28-day 
exposure under flow-
through conditions.  
Test item: 4-NP 

1 (ECHA, 2014) 0.44, 0.54, 
0.77, 1.93  

- Mortality > 1.9  
Growth > 1.9 

Nimrod and 
Benson, 
1998 [3] 

Oryzias 
latipes 

Similar to fish sexual 
development test. 60 
days exposure under 
flow-through 
conditions. Started 
with fertilised 
eggs/embryos.  
Test item: 4-NP 

2 (ECHA, 2012) 3.30, 6.08, 
11.6, 23.5, 
44.7  

Mortality > 44.7 
Growth (length) 
44.7 
Growth (body 
weight) 23.5 
External sex 
characteristics 
44.7 
Testis-ova 
induction 11.6 
VTG induction 
11.6 

Mortality > 44.7 
Growth (length) 
23.5 
Growth (body 
weight) 11.6 
External sex 
characteristics 
23.5 
Testis-ova 
induction 6.08 
VTG induction 
6.08 

Seki et al., 
2003 [5] 

Oryzias 
latipes 

Similar to fish sexual 
development test. 100 
days exposure under 
semi-static conditions. 
Started with fertilised 
eggs/embryos.  
Test item: 4-NP 

2 (ECHA, 2012) 0.29, 0.87, 
2.9, 8.7, 29  

Mixed 
secondary sex 
characteristics 
8.7 
Testis-ova 
induction 29 

Mixed 
secondary sex 
characteristics 
2.9 
Testis-ova 
induction 8.7 
Sex ratio > 29 

Balch and 
Metcalfe, 
2006 [6] 

Oryzias 
latipes 

Fish sexual 
development test. 60 
days exposure under 
flow through 
conditions. Started 

1 Well reported study to a 
standardised OECD test 
guideline. Some minor data 
omissions related to oxygen 
content during the study 

1.1, 3.0, 
11.7, 31, 
104.9  

Number of fin 
ray joint plates 
showing 
papillary 
processes in 

Number of fin 
ray joint plates 
showing 
papillary 
processes in 

Horie et al., 
2021 [32] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 
with fertilised 
eggs/embryos.  
Test item: 4-NP 

and non-affected endpoints 
(this report) 

genetic male 
fish 3.0 
Testis-ova 
induction 31 
Sex reversal 
104.9 

genetic male 
fish 1.1 
Testis-ova 
induction 11.7 
Sex reversal 31 

Pimephales 
promelas 

Similar to fish early life 
stage test. 33 days 
exposure to > 24 hour 
old embryos under 
flow-through 
conditions.  
Test item: 4-NP 

1 (ECHA, 2014) 2.8, 4.5, 
7.4, 14, 23  

Mortality 14 Mortality 7.4  
Growth > 23 

Ward and 
Boeri, 
1991a [7] 

Danio rerio Similar to fish early life 
stage test. Exposure 
two to 60 days post 
hatch.  
Test item: 4-NP 

2 (ECHA, 2012) 
3 Does not meet relevance 
criteria due to lack of 
analytical verification so 
used as supporting study 
only (this report) 

10, 100 
(nominal) 

Fecundity 100 
Gonad histology 
100 
VTG 100 
Sex ratio 10 
 

Fecundity 10 
Gonad histology 
10 
VTG 10 
Sex ratio < 10 
Mortality > 100 
Growth > 100 
Hatchability > 
10 

Lin and 
Janz, 2006 
[16] 

a Indicates the source for the reliability assessment 
b Population-relevant in black, mechanistic endpoints in red 
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Table 45 Summary of Level 5 lifecycle studies for nonylphenol in fish 
Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Oryzias 
latipes 

Similar to OPPTS 
850.1500 (Fish Life 
Cycle Toxicity). 
Exposure from ≤ 24 
hour post-fertilisation 
for 104 days (F0 
generation) and 60 
days (F1 generation). 
Flow-through 
conditions.   
Test item: 4-NP 

2 (ECHA, 2012) 4.2, 8.2, 17.7, 
51.5, 183  

Post-swim up 
mortality (F0) 17.7 
Testis-ova induction 
17.7 
Fertility 17.7 
Sex ratio 17.7 
Secondary-sex 
characteristics 17.7 
 

 

Post-swim up 
mortality (F0) 8.2  
Testis-ova induction 
8.2  
Fertility 8.2 (not 
statistically 
significant) 
Sex ratio 8.2 
Secondary-sex 
characteristics 8.2 
Growth > 183 
Mortality > 183 

Yokota et 
al., 2001 
[4] 

Oryzias 
latipes 

Medaka Extended 
One Generation 
Reproduction Test 
(MEOGRT), OECD 
TG 240 
Test item: 4-NP 

2 An early version of the 
MEOGRT study. 
Biological validity criteria 
parameters were met 
but there were some 
minor deviations based 
on physicochemical 
parameters (e.g. 
temperature above the 
recommended range) 
and the test solutions 
were not strictly 
maintained within ± 20% 
nominal. Some of the 
endpoints did not follow 
a concentration 
response (most notably 

1.27, 2.95, 
9.81, 27.8, 
89.4  

Survival (F0 males 
and females) > 89.4 
Fertility (F0) > 89.4 
Length and weight 
(F0) > 89.4 
Intersex / sex reversal 
(F0) > 89.4 
Hatching rate (F1) 
89.4 
Time-to-hatch (F1) > 
89.4 
Length and weight 
(F1 male and female 
sub-adults) 89.4 
Intersex / sex reversal 
(F1 sub-adults) 27.8 

Survival (F0 males 
and females) > 89.4 
Fertility (F0) > 89.4 
Length and weight 
(F0) > 89.4 
Intersex / sex 
reversal (F0) > 89.4 
Hatching rate (F1) 
27.8 
Time-to-hatch (F1) 
> 89.4 
Length and weight 
(F1 adult and female 
sub-adults) 27.8 
Intersex / sex 
reversal (F1 sub-
adults) 9.81 

Watanabe 
et al., 
2017 [72] c 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

growth of sub adults). 
Interpretation of the 
study is considered in 
more detail in Appendix 
D (this report) 

Survival (F1 adult 
males) 89.4 
Survival (F1 adult 
females) 9.81 
Fecundity – 
eggs/female/day (F1) 
1.27 
Fertilised 
eggs/female/day (F1) 
1.27 
Fertility - % (F1) 27.8 
Length (F1 adult 
males and females) > 
89.4 
Weight (F1 adult 
males and females) 
89.4 
 
Intersex / sex reversal 
(F1 adults) 89.4 
Hatching rate (F2) 
89.4 
Time-to-hatch (F2) 
27.8 
Survival (F2) 89.4 
HSI increased (F0 
males) 9.81 
HSI increased (F0 
females) 1.27 

Survival (F1 adult 
males) 27.8 
Survival (F1 adult 
females) 2.95 
Fecundity – 
eggs/female/day (F1) 
< 1.27 (LOEC/2 = 
0.64) 
Fertilised 
eggs/female/day (F1) 
1.27 (LOEC/2 = 
0.64) 
Fertility - % (F1) 9.81 
Length (F1 adult 
males and females) 
>89.4 
Weight (F1 adult 
males and females) 
27.8 
Intersex / sex 
reversal (F1 adults) 
27.8 
Hatching rate (F2) 
27.8 
Time-to-hatch (F2) 
9.81 
Survival (F2) 27.8 
HSI increased (F0 
males) 2.95 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

VTG liver induction 
(F0 males) 2.95 
HSI (increased F1 
male and decrease 
female sub-adults) 
89.4 
GSI (F1 male sub-
adults) > 89.4 
GSI (decrease F1 
female sub-adults) 
89.4 
SSC – anal fin 
papillae (F1 male 
sub-adults) 2.95 
VTG liver induction 
(F1 male sub-adults) 
9.81 
HSI increase (F1 
male adults) 27.8 
HSI (F1 female 
adults) > 89.4 
GSI increase (F1 
male adults) 9.81 
GSI increase (F1 
female adults) 89.4 
SSC – anal fin 
papillae (F1 male 
adults) 27.8 
VTG liver induction 
(F1 male adults) 27.8 

HSI increased (F0 
females) < 1.27 
VTG liver induction 
(F0 males) 1.27 
HSI (increased F1 
male and decrease 
female sub-adults) 
27.8 
GSI (F1 male sub-
adults) > 89.4 
GSI (decrease F1 
female sub-adults) 
27.8 
SSC – anal fin 
papillae (F1 male 
sub-adults) 1.27 
VTG liver induction 
(F1 male sub-adults) 
2.95 
HSI increase (F1 
male adults) 9.81 
HSI (F1 female 
adults) > 89.4 
GSI increase (F1 
male adults) 2.95 
GSI increase (F1 
female adults) 27.8 
SSC – anal fin 
papillae (F1 male 
sub-adults) 9.81 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

VTG liver induction 
(F1 female adults) 
89.4 
Gonad histology (F1 
adults) 27.8 
Testis-ova induction 
(F1 adults) 27.8 
 

VTG liver induction 
(F1 male adults) 9.81 
VTG liver induction 
(F1 female adults) 
27.8 
Gonad histology (F1 
adults) 9.81 
Testis-ova induction 
(F1 adults) 9.81 
 

Danio rerio Multigeneration test 
with zebrafish 
Test item: 4-NP 
branched 

3 There are only three 
widely spaced test 
concentrations, exposed 
via a semi static method 
without robust analytical 
verification or details of 
physicochemical 
conditions. The study 
lacks key details on 
replication, statistical 
methods and information 
important for 
determining the validity 
of the test (e.g. survival 
and hatching success). 
The study only reports 
two endpoints relevant 
for PNEC derivation 
(growth and sex ratio). 
The result for growth 

2.9, 20.3 and 
182.6  

Growth (F1, F2) 
182.6 
Sex ratio (increase in 
females) 20.3 (F1 but 
not F2 and not at 
183) 

Growth (F1, F2) 20.3 
Sex ratio 2.9 

Sun et al., 
2017 [82] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

(reduction at 200 µg/L) is 
plausible whereas the 
effect on sex ratio did 
not follow a 
concentration response 
and was not observed in 
a subsequent generation 
(this report) 

Danio rerio Multigeneration test 
with zebrafish 
Test item: 4-NP 
branched 

3 There are only three 
widely spaced test 
concentrations, exposed 
via a semi static method 
without robust analytical 
verification. The source 
and acclimation of the 
animals used in the test 
is unclear. The study 
lacks key details on test 
design (tank size, 
number of animals per 
tank), replication and on 
how animals were 
sampled for analysis. 
Where replication is 
reported it seems low for 
this type of study (e.g. 
nine males or females 
per treatment for body 
length measurements). 
No validity criteria were 

2.9, 20.3 and 
182.6  

Fertility (F1, F2, F3) 
182.6 
Hatching success 
(F2, F3) 20.3 
Growth (F1 male) 
182.6 
Growth (F2 male) 
20.3 
Gonad damage (F1) 
20.3 

Fertility (F1, F2, F3) 
20.3 
Hatching success 
(F2, F3) 2.9 
Growth (F1 male) 
20.3 
Growth (F2 male) 2.9 
Gonad damage (F1) 
2.9 

Sun et al., 
2021 [83] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

reported. Performance 
criteria could be inferred 
for some of the 
endpoints based on the 
available data but 
because endpoints such 
as fertility, hatching and 
mortality were reported 
as a ratio criteria relating 
these to performance 
criteria can’t be done 
(this report) 

Oncorhynchus 
mykiss 

Reproduction 
screening assay. 
Intermittent exposure 
for 10 days / month 
for four months. 
Flow-through 
exposure. 
Test item: Technical 
NP consisting of 98% 
NP isomers (90% 4-
nonylphenol, 10% 2-
nonylphenol) and 2% 
dinonylphenol 

1 (ECHA, 2014) 
3 Does not meet 
relevance criteria due to 
only two test 
concentrations and 
intermittent dosing. It is 
therefore used as a 
supporting study only 
(this report) 

1, 10 
(nominal but 
confirmed by 
analyis) 

Hatching rate (F0) 10 
Mortality before eyed 
egg stage (F1) 1 
Testis histopathology 
(F0) > 10  
VTG induction male 
(F0) 1 
VTG induction female 
(F1) 10 
Oestradiol increase in 
males (F1) 10 
Testosterone 
increase in females 
(F1) 10 
 
 

Hatching rate (F0) 1 
Mortality before eyed 
egg stage 1 (F1) < 1 
 
Testis histopathology 
(F0) > 10  
VTG Induction male 
(F0) < 1 
VTG induction 
female (F1) 1 
Oestradiol increase 
in males (F1) 1 
Testosterone 
increase in females 
(F1) 1 
Sex ratio based on 
histopathological 
examination > 10 

Schwaiger 
et al., 
2002 [74] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

 
a Indicates the source for the reliability assessment 
b Population-relevant in black, mechanistic endpoints in red 
c See Appendix 179 for summary of the outcomes from this study 
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Table 46 Summary of Level 4 and 5 studies for nonylphenol in other aquatic species 
Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Nematode 
Caenorhabditis 
elegans 

Full life cycle test 
similar to ISO 
10872. 72 hour 
exposure to 
juvenile 
nematodes 
under static 
conditions. 
Test item: 4-NP 

1 (ECHA, 2014) 
3 Recent attempts to 
standardise the C. elegans 
assay have found that the live 
food source (bacteria 
Escherichia coli at 109 
cells/mL) may affect the study 
result either through 
metabolism of the test 
substance or indirectly if the 
substance has antibiotic 
activity (Beydoun et al., 2021; 
van der Voet et al., 2021). NP 
concentrations were not 
maintained within ± 20% in 
the Höss et al. (2002) study 
(mean measured 
concentrations being 65.6-
80% of nominal over the 72-
hour exposure period) and 
therefore it is plausible that 
the NP concentrations were 
reduced in the study due to 
bacteria utilising NP as a food 
source. Since it is not clear 
whether the observed effects 
on C. elegans are an adverse 
effect of the test item or are 

40.2, 65.6, 
106.5, 150.8, 
189.2, 213.9, 
235.2  

Reproduction 
40.2  
Growth 65.6  

Mortality > 235 
Reproduction 
< 40.2 
Growth 40.2 

Höss et al., 
2002 [8] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

an artifact of the test design 
the study is not reliable for 
PNEC derivation (this report) 
 

Mollusc 
Potamopyrgus 
antipodarum 

OECD TG 242 
Test item: 4-NP 

1 (IUCLID) 3.82, 6.51, 16, 
26.7, 72.3 

Mortality 66.7 
Shell length 24.7 
Reproduction 
14.7 

Mortality 24.7 
Shell length 14.7 
Reproduction 
6.01 

IUCLID, 
2020 [54] 

Villosa iris 28-day growth 
study. 
Test item: 4-NP 
(94%) 

3 A study to an ASTM test 
guideline with two freshwater 
mussels. The study is 
generally well reported. There 
were, however, issues with 
analytical verification which 
could not be explained by the 
authors (the highest test 
concentration of 200 ug/L was 
-85% of nominal and less 
than the measured 
concentrations at lower 
nominal test concentrations) 
therefore the actual NOEC 
values from these studies 
can't be confirmed (this 
report) 

4, 23, 40, 83, 
301 (nominal 
200) 

Reduced growth 
83 

Reduced growth 
30 (nominal 200) 
 

Ivey et al., 
2018 [33] 

Lampsilis 
siliquoidea 

28-day growth 
study. 
Test item: 4-NP 
(94 %) 

3 See above for study with 
Villosa iris (this report) 

4, 23, 40, 83, 
301 (nominal 
200) 
 

Reduced growth 
83 

Reduced growth 
30 (nominal 200) 
 

Ivey et al., 
2018 [34] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Insect 
Chironomus 
tentans 

OECD TG 219. 
53-day exposure 
to first instar 
larva (< 24 hours 
old) under flow-
through 
conditions. 
Test item: 4-NP 

1 (ECHA, 2014) 12.5, 25, 50, 
100, 200 
(nominal)  

Mortality 91 Mortality 42 
 

Kahl et al., 
1997 [10] 

Crustaceans 
Ceriodaphnia 
dubia 

7-day exposure 
to neonates (< 
24 hours old) 
under semi-static 
conditions. 
Test item: 4-NP 

1 (ECHA, 2014) Not in ECHA 
summary 

Mortality 377 
Reproduction 
202 

Mortality 202 
Reproduction 
88.7 

England, 
1995 [9] 

Ceriodaphnia 
silvestrii 

8-day exposure 
to juveniles 
under semi-static 
conditions 
according to the 
Brazilian 
National 
Standard (NBR 
13373).  
Test item: NP 

2 Guideline study meeting 
most of the required 
performance criteria. Data is 
not reported to confirm 
whether criteria were met for 
control mortality or analytical 
verification of test solutions 
and data is not reported for 
parent survival (this report) 

15, 19, 24, 32, 
42, 54 

Reproduction 
(offspring per 
female) 19 

Reproduction 
(offspring per 
female) 15 

Spadoto et 
al., 2018 
[36] 

Daphnia 
magna 

Similar to OECD 
TG 211. 21-day 
exposure to 
neonates (< 24 

1 (ECHA, 2014) 44.3, 63.1, 
116, 215, 500  

Mortality 215 
Growth (length) 
215 

Mortality 116 
Growth (length) 
116 

Brooke, 
1993a [11] 
(assumed 
same as 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

hours old) under 
semi-static 
conditions. 
Test item: 4-
nonylphenol 

Reproduction 
215 

Reproduction 
116 

Spehar et 
al., 2010) 

Daphnia 
magna 

Similar to OECD 
TG 202 (1984). 
22-day exposure 
to neonates (< 
24 hours old) 
under semi-static 
conditions. 
Test item: 4-NP 

1 (ECHA, 2012) 1.55, 1.34, 
3.45, 10.70, 
47.81  

Reproduction 
(offspring per 
survivor) 10.7 
Reproduction 
(Total offspring 
d9) 47.81 

Reproduction 
(offspring per 
survivor) 3.45 
Reproduction 
(Total offspring 
d9) 10.7 

Fliedner. 
1993 [18] 

Daphnia 
magna 

14-day exposure 
to female 
neonates (< 24 
hours old).  

2 (ECHA, 2012) 100  - Reproduction 
(deformed 
neonates) 100 

Gibble and 
Baer. 2003 
[19] 

Daphnia 
magna 

Similar to ASTM 
1988. Life Cycle 
Toxicity Tests 
with Daphnia 
magna. Flow-
through 
exposure to 
neonates (< 24 
hours old). 21-
day exposure.  
Test item: 4-NP 

1 (ECHA, 2012) 44.3, 63.1, 
116, 215, 500 

Growth 215 Growth 116 Spehar et 
al., 2010 
[20] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Daphnia 
magna 

Similar to OECD 
TG 211. 21-day 
exposure to 
neonates (< 24 
hours old) under 
semi-static 
conditions. 

1 (ECHA, 2012) 14, 24, 39, 71, 
130, 250  

Mortality 250 
Growth 71 
Reproduction 39 

Mortality 130 
Growth 39 
Reproduction 24 

Comber et 
al., 1993 
[27] 

Daphnia 
magna 

Similar to OECD 
TG 211. 21-day 
exposure to 
neonates (< 24 
hours old) under 
semi-static 
conditions. 
Test item: NP 

1 (ECHA, 2014) 0.3, 1.0, 3.0, 
10, 30, 100 
(nominal 
concentrations 
but measured 
confirmed 
within ± 20%) 

- Mortality > 100 
Reproduction > 
100 

Scholz, 
1992 [28]  

Daphnia 
magna 

Similar to OECD 
TG 211 but 
extended to 2nd 
generation. 21-
day exposure to 
neonates (< 24 
hours old) (F0), 
under semi-static 
conditions. F1 
generation 
based on three 
tests using the 
first, second and 
third broods of 

2 Guideline study but details 
on physical chemical 
parameters, actual measured 
test concentrations and 
results for endpoints which 
were not affected (e.g. 
reproduction) are missing. It 
was not possible to confirm 
whether test validity criteria 
were met for reproduction, 
which was not affected, but 
survival was 100% in the 
controls (this report) 

5, 10, 20, 40 
(nominal but 
analytical 
verification 
confirmed 
±10%) 

Mortality 20 (F0) 
Growth 40 (F0) 
Reproduction 
> 40 

Mortality 10 (F0) 
Growth 20 (F0) 
Reproduction > 
40 

Campos et 
al., 2016 
[31] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

the F0 
generation. 
Test item: 4-NP 

Daphnia 
magna 

Similar to ASTM 
1988. Life Cycle 
Toxicity Tests 
with Daphnia 
magna. Semi-
static exposure 
to neonates (< 
24 hours old). 
21-day 
exposure.  
Test item: 4-NP 

2 (ECHA, 2012) 6.2, 12, 25, 
50, 100 
(nominal) 

Reproduction 
100 
Mortality > 100 

Reproduction 50 
Mortality > 100 

Baldwin et 
al., 1997 
[98] 

Daphnia 
magna 

Reproduction 
assay in 
daphnia. Static 
exposure to 
neonates (< 24 
hours old). 21-
day exposure.  
Test item: NP 

3 (ECHA, 2014) Not reported 
(ECHA 2014) 

Reproduction 10 Reproduction 1 Kopf, 1997 
[99] 

Daphnia 
magna 

Similar to OECD 
TG 211. Semi-
static exposure 
to neonates (< 
24 hours old). 
21-day 
exposure.  
Test item: NP 

2 (ECHA, 2012) 13, 25, 50, 
100, 200 
(nominal) 

Reproduction 25 
Mortality 50 

Reproduction 13 
Mortality 25 

Sun and 
Gu, 2005 
[100] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Daphnia 
magna 

Similar to ISO 
2000. Long Term 
Toxicity of 
Substances to 
Daphnia Magna. 
Semi-static 
exposure to 
neonates (< 24 
hours old). 21-
day exposure. 
Test item: 4-NP 

2 (ECHA, 2012) 20, 40, 60, 80, 
100 (nominal) 

Mortality 40 
Reproduction 80 

Mortality 20 
Reproduction 60 

Brennan et 
al., 2006 
[101] 

Moina 
macrocopa 

14-day study 
following similar 
principles to 
reproduction 
studies with 
other Cladocera. 
Starts with 
juveniles < 24 
hours old. 
Test item: 4-NP 
technical mixture 

3 No analytical verification 
(this report) 

0.37, 1.1, 3.3, 
10, 30 
(nominal) 

Reproduction 
1.1 

Reproduction 
0.37 

Jung et al., 
2020 [41] 

Rotifer 
Plationus 
patulus 

Two generation 
life table study 
Test item: 4-NP 

3 No analytical verification 
(this report) 

15.6, 31.25, 
62.5 (nominal) 

Average lifespan 
15.6 
Reproduction 
15.6 

Average lifespan 
< 15.6 
Reproduction 
< 15.6 

Gonzalez-
Perez et 
al., 2021 
[73] 

Brachionus 
havanaensis 

Two generation 
life table study 
Test item: 4-NP 

3 No analytical verification 
(this report) 

7.81, 15.62, 
31.25 
(nominal) 

Average lifespan 
15.6 

Average lifespan 
7.81 

Gonzalez-
Perez et 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Reproduction 
7.81 (F2) 

Reproduction 
< 7.81 

al., 2021 
[74] 

Marine crustaceans 
Americamysis 
bahia 

28-day exposure 
to neonates (< 
24 hours old) 
under static 
conditions. 
Test item: NP 

1 (ECHA, 2014) 3.9, 6.7, 9.1, 
21  

Growth (length) 
6.7 

Growth (length) 
3.9 

Ward and 
Boeri, 
1991b [12] 

Americamysis 
bahia 

28-day exposure 
to neonates (< 
24 hours old) 
under flow-
through 
conditions. 
Test item: 4-NP 

1 (ECHA, 2014) 5.94, 7.94, 
9.46, 15.28, 
21.06, 27.56, 
49.24  

Mortality 49.24 
Reproduction 
15.28 

Mortality 27.6 
Reproduction 
9.5 

Kuhn et al., 
2001 [13] 

Tisbe batagliai 53-day exposure 
to neonates (< 
24 hours old) 
under semi-static 
conditions. 
Test item: 4-NP 

1 (ECHA, 2014) 20, 74, 300  Mortality 74 Mortality 20 Bechmann, 
1999 [14] 

Tigriopus 
japonicas  

21-day 
reproduction 
study for each of 
two generations 
Test item: 4-NP 

3 (ECHA, 2014) 0.01, 0.1, 1.0, 
and 10.0 
(nominal) 

1 (F0 nauplii 
development) 
0.1 (F1 nauplii 
development) 

0.1 (F0 nauplii 
development) 
0.01 (F1 nauplii 
development) 
 

Marcial et 
al., 2003 
[75] 

a Indicates the source for the reliability assessment 
b Population-relevant in black, mechanistic endpoints in red 
1 There was a problem with the supporting analysis at the highest test concentration (where an adverse effect on growth was observed.



 

 

Appendix D: Study summary for Watanabe et 
al. (2017) 

Watanabe et al. (2017) conducted a Medaka Extended One Generation Reproduction Test 
(MEOGRT) with 4-NP and O. latipes. This was an early MEOGRT conducted as a trial of 
the newly adopted OECD 240 test guideline (OECD, 2015). The study met validity criteria 
for hatching success and survival in the controls, and for eggs per female in the 
reproduction phases. The temperature was 27°C and not 24 - 26°C as stipulated in the 
guideline but did not vary by more than 2°C. The measured test concentrations were 
outside of the range of ± 20% of nominal on a few occasions, most notably for the lowest 
test concentration. Measured concentrations of 1.27, 2.95, 9.81, 27.8 and 89.4 µg/L were 
used for reporting of the results, which are summarised in Table 47 (nominal 
concentrations: 1, 3.2, 10, 32 and 100 µg/L).  

Table 47 NOEC values for each endpoint of Watanabe et al. (2017) 
Generation / 
Endpoint 

F0 F1 (embryo-sub 
adult) 

F1 (adult) F2 

Hatching rate - 27.8 (↓) - 27.8 (↓) 
Time to hatch - 89.4 - 9.81 (↑) 
Survival (2 and 4 
wpf) 

- 27.8 - 27.8 

Survival male 89.4 - 27.8 - 
Survival female 89.4 - 2.95 (2.95) - 
Eggs/female/day 89.4 - < 1.27*  

(LOEC/2 = 
0.64) 

- 

Fertilised 
egg/female/day 

89.4 - < 1.27*  
(LOEC/2 = 

0.64) 

- 

% Fertility 89.4 - 9.81  - 
Male length 89.4 < 1.27 (↓) 

(27.8)  
89.4 - 

Male weight 89.4 < 1.27 (↓) 
(27.8) 

27.8 (↑) - 

Female length 89.4 1.27 (↓) (27.8) 9.81 (↓) (89.4) - 
Female weight 89.4 < 1.27 (↓) 

(27.8) 
27.8 (↑) - 

HSI male 2.95 (↑) 1.27 (↑) (27.8) 1.27 (↑) (9.81) - 
HSI female 1.27 (↑) 27.8 (¯) 89.4 - 
GSI male 89.4  89.4 2.95 (↑) - 
GSI female 89.4 2.95 (↓) (27.8) 9.81 (↑) (27.8) - 
SSC male 89.4 1.27 (↓) 9.81 (↓) - 
VTG male 1.27 (↑) 2.95 (↑) 9.81 (↑) - 
VTG female 89.4 9.81 (↓)  27.8 (↑) - 
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Generation / 
Endpoint 

F0 F1 (embryo-sub 
adult) 

F1 (adult) F2 

Intersex/ sex 
reversal 

89.4 9.81 27.8 - 

Gonad 
phenotype 

- - 9.81 - 

Testis-ova - - 9.81 - 
- = Endpoint not determined. Direction of change in the measured endpoint are depicted 
by ↑ = increase or ↓ = decrease 
wpf= weeks post fertilisation. 
Accepted NOEC values are in black. NOEC values given in red are based on statistically 
significant effects either which did not follow a clear concentration response, or where the 
effect was < 5 % of the dilution water control. For these endpoints an alternative NOEC is 
given in green which is based on statistically significant effects which also follow a 
concentration response and where the effect is > 5 %. 
*  Result based on using the Jonckheere-Terpstra test (p<0.05) as recommended in 
OECD TG 240. Using repeated measures with Dunnett’s the NOEC is 2.95 µg/L. 

 

The outcomes from the study were as follows: 

• There was a 33, 25, and 25% female mortality in F1 adults at 9.81, 27.8, and 
89.4 µg/L NP, respectively compared with 4% in the control, which does not follow a 
clear concentration response. There was no effect on hatching survival (NOEC ≥ 
27.8 µg/L) in the F2 generation. It is not possible to rule out that these effects were 
test substance related, but it reflects the variability in the test system. 
 

• There were significant effects on growth of F1 sub-adults at all test concentrations, 
but the data was variable and did not follow a concentration response and/or was 
considered not to be biologically relevant (i.e. < 5% response). 
 

• There was a significant reduction in eggs/female/ day in the F1 adult reproduction 
phase at all test concentrations although without following a clear concentration 
response (12, 11, 37, 35 and 82% reduction at 1.27, 2.95, 9.81, 27.8 and 89.4 µg/L 
respectively compared with the control). This was statistically significant at all test 
concentrations using the Jonckheere-Terpstra test (p < 0.05) (guideline 
recommended). The NOEC was therefore < 1.27 g/L. Using repeated measures with 
Dunnett’s the NOEC was 2.95 µg/L. The NOEC of 2.95 µg/L was used in the ECHA 
registration dossier. 
 

• There was also a significant reduction in the number of fertile eggs/female/day which 
is concentration dependant (13, 18, 37, 43 and 100% reduction in total fertilised 
eggs/day/female in the F1 adult reproduction phase at 1.27, 2.95, 9.81, 27.8 and 
89.4 µg/L respectively compared with the control. It is statistically significant at all test 
concentrations using the Jonckheere-Terpstra test (p < 0.05) (guideline 
recommended). The NOEC was therefore < 1.27 µg/L. Using repeated measures 
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with Dunnett’s the NOEC is 1.27 µg/L. The NOEC of 2.95 µg/L was used in the ECHA 
registration dossier. 
 

• For % fertility the NOEC was 9.81 µg/L in the F1 adults based on Jonckheere-
Terpstra test (p < 0.05), or NOEC = 2.95 µg/L using the repeated measures ANOVA 
followed by Dunnett’s test (p<0.05). 
 

• There was a < 5% reduction in male body length of F1 sub-adult males at 1.27, 2.95, 
9.81, and 27.8 µg/L. At 89.4 µg/L there was a 12% decrease in body length of F1 
sub-adult males and therefore the biologically relevant NOEC = 27.8 µg/L. There was 
no effect on body length for F1 adult fish (12 - 15 weeks post fertilisation) but these 
were a selected group of fish used for pair breeding. 
 

• There was a significant reduction in body weight of F1 sub-adult males at 1.27 
(- 16%), 2.95 (- 19%), 9.81 (- 18%), and 27.8 (- 12%) µg/L, but as the effect did not 
follow a concentration response it was not considered to be test substance related. 
At 89.4 µg/L there was a 29% reduction in body weight which was considered 
relevant (NOEC = 27.8 µg/L). There was a significant increase in body weight for 
adult male fish (12 - 15 weeks post fertilisation) at 89.4 µg/L but these were a selected 
group of fish used for pair breeding.   
 

• There was a significant reduction in total length of F1 sub-adult females at 2.95 
(- 4%), 9.81 (- 9%), and 27.8 (- 7%) µg/L compared with the control but as the effect 
did not follow a concentration response it was not considered to be test substance 
related. At 89.4 µg/L there was a 14% reduction in body length which was considered 
relevant (NOEC = 27.8 µg/L). A < 5% reduction in body length of F1 adult females 
was not considered biologically relevant. 
 

• There was a significant reduction in weight of F1 sub-adult females at 1.27 (- 12%), 
2.95 (- 18%), 9.81 (- 29%), 27.8 (- 21%) compared with the control but as the effect 
did not follow a concentration response it was not considered to test substance 
related. At 89.4 µg/L there was a  
 

• 42% reduction in body length which is considered relevant (NOEC = 27.8 µg/L). 
There was a significant increase in body weight for adult female fish (12 - 15 weeks 
post fertilisation) at 89.4 µg/L but these were a selected group of fish used for pair 
breeding. The authors suggest that this could be due to retained eggs. 
 

• Gonadosomatic index (GSI) and hepatosomatic index (HSI) did not always follow a 
concentration response. These endpoints are known to be variable and may 
potentially have been influenced by the variability in body weight. 
 

• Endpoints for VTG, SSC, gonad phenotype and presence of testis-ova, which are 
indicators for endocrine activity, all followed a clear concentration dependant 
response (with the exception of a decrease in VTG in sub-adult F1 females at 27.8 
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(12%) µg/L and 89.4 (99%) µg/L, concentrations which were potentially compromised 
by systemic toxicity). 

The following are considered the reliable NOEC values from this study: 

The NOEC for development (hatching) is 9.81 µg/L based on an increase in time to hatch in 
the F2 generation. 

Reduced fish growth at low test concentrations (≤ 27.8 µg/L) was not convincing due to the 
lack of concentration response, and a lack of evidence for a corresponding effect in the adult 
fish. It is our assessment that the NOEC for growth was 27.8 µg/L. 

The NOEC for reproduction is < 1.27 µg/L based on endpoints for eggs/female/day and the 
number of fertile eggs/female/day (both based on the using the Jonckheere-Terpstra test). 
No clear NOEC is derived for these endpoints (unbounded study), however, according to 
ECHA (2008) if the LOEC is a > 10 and < 20% effect the NOEC can be calculated as 
LOEC/2. Since the effects on egg production are 12% reduction (based on eggs per female 
per day) and there is a 13% reduction (based on fertilised eggs per female per day) then it 
is justifiable to use a NOEC of 0.64 µg/L.  

The NOEC for biomarker endpoints is 1.27 µg/L based on male VTG induction in F0 and 
male SSC in F1 sub-adults. 



 

 

Appendix E: Octylphenol dataset 
Table 48 Summary of Level 3 fish and amphibian studies for octylphenol 
Taxonomic 
group / species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Oryzias latipes 
 

Fish short term 
reproduction 
assay 
Test item: 4-tert-
octylphenol 

1 Test guideline study 
meeting validity criteria. 
Results are transparent 
and well reported (this 
report) 

25.3, 82.3, 
250  
 

VTG induction 
male 82.3 

VTG induction 
male 25.3 

Kawashima 
et al., 2021 
[31] 

Oryzias latipes Similar to FSTRA 
(exposed males 
mated with 
unexposed 
females) 
Test item: 4-tert-
octylphenol 

1 (ECHA, 2011) 20, 41, 74, 
230  

Fecundity 20 
Embryo 
abnormalities 20 
VTG induction 
male 20 

Fecundity < 20 
Embryo 
abnormalities 
< 20 
VTG induction 
male < 20 

Gronen et 
al., 1999 
[54] 

Danio rerio FSTRA (Lab 1) 
Test item: 4-tert-
octylphenol 

2 Test validation study 
with no mortality control 
and acceptable 
spawning (this report) 

3.9, 17.5, 
167.1 

VTG induction 
male 167.1 

VTG induction 
male 17.5 

US EPA, 
2007 [67] 

Danio rerio FSTRA (Lab 2) 
Test item: 4-tert-
octylphenol 

2 Test validation study 
with no mortality and 
acceptable spawning 
(this report) 

2.4, 25, 269 Number of eggs 
269 
VTG induction 
male 269 

Number of eggs 
25 
VTG induction 
male 25 

US EPA, 
2007 [67] 

Danio rerio Similar to FSTRA 
Test item: 4-tert-
octylphenol 

1 (ECHA, 2011) 12.5, 25, 50, 
100  

Fertility / fecundity 
> 100 
VTG induction 
male > 100 

Fertility / fecundity 
> 100 
VTG induction 
male > 100 

Van den 
Belt et al., 
2001 [58] 
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Taxonomic 
group / species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

(measured 5 days 
after exposure 
period) 
Female histology 
25 
 

(measured 5 days 
after exposure 
period) 
Female histology 
12.5 
 

Pimephales 
promelas 

FSTRA (Lab 4) 
Test item: 4-tert-
octylphenol 

2 Test validation study 
with no control mortality 
but low spawning 
however results 
comparable to other 
laboratories (this report) 

2.35, 24.3, 
205.6 

Secondary sex 
characteristics 
205.6 
VTG induction 
male 205.6 

Secondary sex 
characteristics 
24.3 
VTG induction 
male 24.3 

US EPA, 
2007 [67] 

Pimephales 
promelas 

FSTRA (Lab 3) 
Test item: 4-tert-
octylphenol 

2 Test validation study 
with no control mortality 
and acceptable 
spawning (this report) 

2.35, 24.3, 
205.6  

Survival 205.6 
VTG induction 
female 205.6 

Survival 24.3 
VTG induction 
male 24.3 

US EPA, 
2007 [67] 

Cyprinodon 
variegatus 

Similar to FSTRA 
(exposed males 
mated with 
unexposed 
females) 
Test item: 4-tert-
octylphenol 

1 (ECHA, 2011) 11.5, 33.6, 
68.1  

Egg viability 68.1 
Male histology 
68.1 
VTG induction 
male 11.5 

Egg viability 33.6 
Male histology 
33.6 
VTG induction 
male < 11.5 

Karels et 
al., 2003 
[55] 

Oncorhynchus 
mykiss 

Similar to OECD 
TG 230 (21-day 
ED screening) 
Test item: 4-tert-
octylphenol 

1 (ECHA, 2011) 1, 10, 100  VTG induction 
male 10 

VTG induction 
male 1 

Routledge 
et al., 1998 
[56] 
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Taxonomic 
group / species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Rutilus rutilus Similar to OECD 
TG 230 (21-day 
ED screening) 
Test item: 4-tert-
octylphenol 

1 (ECHA 2011) 1, 10, 100  VTG induction 
male 100 

VTG induction 
male 10 

Routledge 
et al.,1998 
[56] 

Zoarces 
viviparous 

Similar to FSTRA 
(assay for male 
reproductive 
state, no mating) 
Test item: 4-tert-
octylphenol 

2 (ECHA, 2011) 9, 35, 63  VTG induction 
male 35 
Male histology 35 

VTG induction 
male 9 
Male histology 9 

Rasmussen 
et al., 2005 
[57] 

Poecilia 
reticulata 

Similar to FSTRA 
(exposed males 
mated with 
unexposed 
females, 60-day 
exposure) 
Test item: 4-tert-
octylphenol 

1 (ECHA, 2011) 100, 300, 900  Male histology 
100 
Male secondary 
sex characteristics 
300 

Male histology 
< 100 
Male secondary 
sex 
characteristics 
100 

Toft and 
Baatrup, 
2001 [59] 

Pomatoschistus 
minutes 

28-day exposure 
to immature 
males 
Test item: 4-tert-
octylphenol 

2 (ECHA, 2011) 3, 20, 31, 101  VTG induction 
male 31 

VTG induction 
male 20 

Robinson 
et al., 2004 
[60] 

Xenopus laevis Amphibian 
metamorphosis 
assay 
Test item: 4-tert-
octylphenol 

2 Guideline study which 
meets all relevant 
validity criteria. Results 
are transparent and well 
reported. The dosing of 
test solutions was not 

5.43, 13.5, 
39.8, and 103  

Accelerated 
development at 
39.8 
HLL and HLL:SVL 
5.43, but 
calculations for 

HLL or HLL:SVL 
< 5.43  
Accelerated 
development 13.5 

Kamel et 
al., 2022 
[14] 
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Taxonomic 
group / species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

maintained within ± 20% 
nominal especially at 
low concentrations (this 
report) 

HLL:SVL were not 
stage specific 
(NF < 60 v 
NF > 60) which 
may have 
impacted the 
result 
No effect on 
thyroid 
histopathology 

Ambystoma 
barbouri 

37-day embryo 
exposure 
Test item: 
Octylphenol (test 
substance 
identity not clear) 

2 (ECHA, 2011) 5, 50, 500  Time to hatch 500 
Larval survival 
500 
Snout-vent length 
500 

Time to hatch 50 
Larval survival 50 
Snout-vent length 
50 

Rohr et al., 
2003 [61] 

Rana 
chensinensis 

Short term 
reproduction 
assay style study. 
Male only 
exposure. 
Test item: 4-tert-
octylphenol 

3 No analytical 
verification, wild caught 
frogs. Non guideline 
study with relatively low 
replication (this report) 

2.06, 20.6 and 
206 (nominal) 

Reduced 
spawning and 
hatching 206 
Increased TUNEL 
index (measure 
for sperm DNA 
fragmentation) 
20.6 
Decreased GSI (at 
Day 10 but not at 
Day 30) 20.6 

Reduced 
spawning and 
hatching 20.6 
Increased TUNEL 
index 2.06 
Decreased GSI 
(at Day 10 but not 
at Day 30) 2.06 

Li et al., 
2021 [72] 

Rana 
chensinensis 

40-day 
development 
study starting 

3 The eggs were field 
collected and therefore 
the overall quality is not 

1.9, 20, 190 Reduced body 
length (Day 20) 20 

Reduced body 
length (Day 20) 
1.9 

Xie et al., 
2019 [76] 
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Taxonomic 
group / species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

with tadpoles GS 
20 
Test item: 4-tert-
octylphenol 

known or the number of 
parent frogs. There was 
no solvent control. The 
solvent concentration 
varied between 
treatments. The density 
of tadpoles was high in 
a semi-static test but 
without monitoring for 
dissolved oxygen or 
iodine concentrations. 
There was no reporting 
of survival which may 
have affected 
development rates, or 
information on expected 
development rates in the 
control. The food was 
lettuce, but it was not 
confirmed if this was 
organic (this report) 

Reduced body 
length (Day 40) 
1.9 
Reduced body 
weight (Day 40) 
190 
Delayed 
development 20 
Thyroid 
histopathology 20 

Reduced body 
length (Day 40) < 
1.9 
Reduced body 
weight (Day 40) 
20 
Delayed 
development 1.9 
Thyroid 
histopathology 
1.9 

Rana pipiens Tadpole 
development (10 
days) 
Test item: 4-tert-
octylphenol 

2 (ECHA, 2011) 0.2, 200 
(nominal) 

Pre-metamorphic 
development, 
body weight, day 
at hind-limb 
emergence (HLE) 
> 200 

Pre-metamorphic 
development, 
body weight, day 
at hind-limb 
emergence (HLE) 
> 200 

Crump et 
al., 2002 
[73] 

Rana pipiens Tadpole 
development 
started with stage 

2 (ECHA, 2011) 50, 100, 150, 
200, 500, 
1 000, 1 500, 

LC50 (stage 26) 
= 293 

Body weight 
(stage 26) 200 

Hogan et 
al., 2006 
[74] 
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Taxonomic 
group / species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

26 and stage 36 
(2 weeks) 
Test item: 4-tert-
octylphenol 

2 000 
(nominal) 

Body weight 
(stage 26) 500 
LC50 (stage 36) 
= 577.9  
Increased body 
weight 50 

Increased body 
weight (Stage 36) 
< 50 

Rana sylvatica Tadpole 
development 
started with stage 
26 (2 weeks) 
Test item: 4-tert-
octylphenol 

2 (ECHA, 2011) 50, 100, 150, 
200, 500, 
1 000, 1 500, 
2 000 
(nominal) 

LC50 (stage 26) = 
153 
Body weight 
(stage 26) 500 
 

Body weight 
(stage 26) 200 
 

Hogan et 
al., 2006 
[74] 

a Indicates the source for the reliability assessment 
b Population-relevant in black, mechanistic endpoints in red  
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Table 49 Summary of Level 4 studies for octylphenol in fish and amphibians 
Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Oryzias 
latipes 

Fish sexual 
development test. 
60-day exposure. 
Flow-through 
exposure. 
Test item: 4-tert-
octylphenol 

1 (ECHA, 2011) 6.94, 11.4, 
23.7, 48.1, 
94  

Sex ratio 
phenotype 
gonads 48.1 
VTG 11.4 
Testis-ova 
induction 23.7 

Mortality > 94 
Growth > 94 
Hatchability > 94 
Sex ratio 
phenotype 
gonads 23.7 
VTG 6.94 
Testis-ova 
induction 11.4 

Seki et al., 
2003 [1] 

Oryzias 
latipes 

Fish sexual 
development test. 
100-day exposure. 
Semi-static 
exposure. 
Test item: 4-tert-
octylphenol 

3 No analytical 
verification, one test 
concentration (this report) 

100 
(nominal) 

Growth 100 
Testis-ova 
induction > 100  
 

Growth < 100 
Testis-ova 
induction > 100 

Gray et al., 
1999a [2] 

Oryzias 
latipes 

Fish sexual 
development test. 6 
month exposure.  
Semi-static 
exposure.  
Test item: 4-tert-
octylphenol 

3 (ECHA, 2011) No 
analytical verification (this 
report) 

10, 25, 50 
(nominal) 

Sex ratio > 50 
Testis-ova 
induction 50  
 

Sex ratio > 50 
Testis-ova 
induction 25 
 

Gray et al., 
1999b [3] 

Oryzias 
latipes 

Fish sexual 
development test. 
OECD validation 
Lab 4.  
Test item: 4-tert-
octylphenol 

3 Test validation study. 
Sex ratio outside test 
acceptability criteria with 
< 20% female (this 
report) 

11.2, 31.7, 
104.7 

Sex ratio 11.2 
VTG 104.7 

Sex ratio < 11.2 
VTG 31.7 

OECD, 
2012 [66] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Oryzias 
latipes 

Fish sexual 
development test. 
OECD validation 
Lab 5.  
Test item: 4-tert-
octylphenol 

2 Test validation study 
generally meeting 
acceptability criteria (this 
report) 

12.1, 30.6, 
89.6 

Sex ratio 12.1 
VTG 12.1 

Sex ratio < 12.1 
VTG < 12.1 

OECD, 
2012 [66] 

Oryzias 
latipes 

Fish sexual 
development test. 
OECD validation 
Lab 9.  
Test item: 4-tert-
octylphenol 

2 Test validation study 
generally meeting 
acceptability criteria (this 
report) 

6.2, 12.3, 
23.6, 50.4, 
100.6 

Sex ratio 50.4 
VTG 12.3 

Sex ratio 23.5 
VTG 6.2 

OECD, 
2012 [66] 

Danio rerio Fish sexual 
development test. 
OECD validation 
Lab 1.  
Test item: 4-tert-
octylphenol 

2 Test validation study 
generally meeting 
acceptability criteria (this 
report) 

13.8, 40.6, 
73.1 

Sex ratio 13.8 
VTG 40.6 

Sex ratio < 13.8 
VTG 13.8 

OECD, 
2012 [66] 

Danio rerio Fish sexual 
development test. 
OECD validation 
Lab 2.  
Test item: 4-tert-
octylphenol 

2 Test validation study 
generally meeting 
acceptability criteria (this 
report) 

5.7, 17.6, 
42.5 

Sex ratio 17.6 
VTG 42.5 

Sex ratio 5.7 
VTG 17.6 

OECD, 
2012 [66] 

Danio rerio Fish sexual 
development test. 
OECD validation 
Lab 4.  
Test item: 4-tert-
octylphenol 

2 Test validation study 
generally meeting 
acceptability criteria (this 
report) 

9.5, 26, 91.5, 
298.1 

Sex ratio 26 
VTG 26 

Sex ratio 9.5 
VTG 9.5 

OECD, 
2012 [66] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Gasterostreus 
aculeatus 

Fish sexual 
development test. 
OECD validation 
Lab 6.  
Test item: 4-tert-
octylphenol 

2 Test validation study 
generally meeting 
acceptability criteria, 
hatching was 77% rather 
than required 80% (this 
report) 

12.2, 22.2, 
66.9 

Sex ratio > 66.9 
Hatching 66.9 
VTG 66.9 

Sex ratio > 66.9 
Hatching 22.2 
VTG 22.2 

OECD, 
2012 [66] 

Gasterostreus 
aculeatus 

Fish sexual 
development test. 
OECD validation 
Lab 8.  
Test item: 4-tert-
octylphenol 

3 Test validation study. 
Low hatching success 
and survival in solvent 
control (61.7 and 67.9% 
respectively). Test 
guideline recommends 
hatching of > 80% and 
post-hatch survival > 
70% (this report) 

41.9, 130.6, 
488.9 

Sex ratio 41.9 
Survival 130.6 
VTG 41.9 

Sex ratio < 41.9 
Survival 41.9 
VTG < 41.9 

OECD, 
2012 [66] 

Oncorhynchus 
mykiss 

Fish early life stage 
test. 60-day 
exposure. Flow-
through exposure.  
Test item: 4-tert-
octylphenol 

4 (ECHA, 2011) 
2 (EA, 2005) 

6.1, 11, 22, 
51, 91  

Growth 11 Growth 6.1 ABC labs, 
1984 (cited 
in EA, 2005; 
ECHA, 
2011) [6] 

Oncorhynchus 
mykiss 

Fish early life stage 
test. 22- and 35-day 
exposure. Flow-
through exposure.  
Test item: 4-tert-
octylphenol 

3 No analytical 
verification (this report) 

1.0, 10, 30, 
50 (nominal) 

Growth 1.0 (the 
effect did not 
follow a 
concentration 
response)  
Gonado-somatic 
index > 50 

Growth < 1.0 
Gonado-somatic 
index > 50 

Ashfield et 
al., 1998 [7] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Zoarces 
viviparous 

Exposure of 
pregnant adult 
females. 35-day 
exposure. Flow-
through exposure.  
Test item: 4-tert-
octylphenol 

2 (ECHA, 2011) 
3 (Fish were wild caught 
and not fed during the 
exposure and therefore 
were under additional 
stress during the test. 
There was no indication 
for the health of the fish 
at the start of the test or 
survival during the test. 
There were only two test 
concentrations and there 
were effects reported at 
the lowest test 
concentration 
(unbounded result). 
Although there was 
supporting chemical 
analysis the 
concentrations were not 
maintained within ± 20% 
nominal. There was also 
wide temperature 
variation (10.5 - 13.5°C) 
and no reporting of other 
relevant physchem 
parameters (this report) 

14, 65  Reduced length 
and weight of 
embryos 14  
VTG 14 
Testis-ova 
induction 65 

Reduced length 
and weight of 
embryos < 14 
VTG < 14 
Testis-ova 
induction 14 

Rasmussen 
et al., 2002 
[8] 

Poecilia 
reticulata 

Fish early life stage 
test. 70-day 

2 (ECHA, 2011) 
3 Single test 
concentration (EA, 2023) 

26  Gonad histology 
26 

Gonad 
histopathology < 
26 

Kinnberg et 
al., 2003 
[10] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

exposure. Flow-
through exposure. 
Test item: 4-tert-
octylphenol 

Poecilia 
reticulata 

Fish early life stage 
test. 90-day 
exposure. Flow-
through exposure. 
Test item: 4-tert-
octylphenol 

2 (ECHA, 2011) 
3 The experiment was 
based on two tests which 
were combined for 
analysis of the results. 
No dilution water control 
only a solvent control 
(acetone, final 
concentration not 
reported). The statistics 
were non-standard (i.e. 
treatments were 
normalised to their 
respective control and 
then compared with the 
pooled control. There is 
no indication of whether 
the controls from the two 
experiments were 
significantly different). 
Lack of concentration 
response for some 
endpoints (e.g. GSI and 
sperm count probably 
related to combining the 
experiments). Wide 

1.7, 11.7, 
149, 200 

Increased growth 
of males 149 
Reduced body 
colouration 200 
Increased 
gonopodium 
length 149 
Posturing 
behaviour 149 
Female GSI 149 
Sperm count 149 

Increased growth 
of males 11.7 
Reduced body 
colouration 149 
Increased 
gonopodium 
length 11.7 
Posturing 
behaviour 11.7 
Female GSI 11.7 
Sperm count 11.7 

Toft and 
Baatrup, 
(2003) [11] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

spacing of some 
treatments e.g. > 10 
between the LOEC and 
NOEC for growth (this 
report) 

Xenopus 
laevis 

Larval amphibian 
growth and 
development assay 

3 (ECHA, 2011) 2.1, 21 
(nominal) 

Sex ratio (shift 
towards female) 
2.1 
Development > 
21 
Growth > 21 

Sex ratio (shift 
towards female) 
< 2.1 
Development > 
21 
Growth > 21 

Kloas et al., 
1999 [75] 

Xenopus 
laevis 

Larval amphibian 
growth and 
development assay 
(OECD TG 241) 
 

Test item: 4-tert-
octylphenol 

2 Test guideline study 
which met validity criteria. 
Test solutions were 
dosed via a saturator 
column and were 
analytically verified. 
Growth data is reported 
in the supplemental 
information. Due to 
technical differences two 
replicates at the top test 
concentration were lost 
before the end of the test 
which may have 
impacted the sensitivity 
of the study (this report) 

6.3, 12.6, 
25.0, 54.2 
 

Growth > 54.2 
Development > 
54.2 
Sex reversal > 
54.2 
Reduced serum 
thyroxine 25 
Thyroid 
histopathology 25 
Gonad 
histopathology 
(male) 6.3 
 
 

Growth > 54.2 
Development > 
54.2 
Sex reversal > 
54.2 
Reduced serum 
thyroxine 12.6 
Thyroid 
histopathology 
12.6 
Gonad 
histopathology 
(male) < 6.3 
 

Haselman 
et al., 2015 
[65] 

Xenopus 
laevis 

Larval amphibian 
growth and 

1 Regulatory study to a 
standard test guideline 
with supporting analytical 

4.97, 10.3, 
19.5, 38 

Growth > 38 
Development > 
38 

Growth > 38 
Development > 
38 

ABC labs, 
2012 [78] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

development assay 
(OECD TG 241) 
 
Test item: 4-tert-
octylphenol 

verification. There were 
minor deviations in 
dosing of the test 
substance and in 
temperature during the 
study, but these are 
transparently reported 
and discussed (this 
report) 

Sex ratio > 38 
Reduced serum 
thyroxine > 38 
VTG > 38 
 
 

Sex ratio > 38 
Reduced serum 
thyroxine > 38 
VTG > 38 
 

Xenopus 
tropicalis 

Larval amphibian 
growth and 
development style 
assay  
 
Test item: 4-tert-
octylphenol 

2 This was an early 
version of the LAGDA 
and therefore 
experimental design may 
not be optimal. There 
were some issues with 
the physicochemical 
parameters, but these 
were monitored and 
adjusted where 
necessary and there was 
no excessive mortality 
during the test (this 
report) 

1.2, 3.5, 10, 
36 

Growth and 
development > 36 
Phenotypic sex 
ratio > 36 
Sex ratio based 
on gross 
examination of 
the gonad tissue 
10 (no effect at 
36) 
VTG 36 
Oviduct 
development in 
males 36 

Growth and 
development > 
36 
Sex ratio (percent 
female) > 36 
Sex ratio based 
on gross 
examination of 
the gonad tissue 
36 
VTG 10 
Oviduct 
development in 
males 10 

Porter et al., 
2011 [77] 

Rana pipiens Newly hatched 
tadpoles (stage 25), 
10 day exposure 
Test item: 4-tert-
octylphenol 

2 (ECHA, 2011) 
3 Only two test 
concentrations with 
effects at the lowest dose 
(this report) 

0.02, 2 
(nominal) 

Delayed 
development 0.02 
Increased body 
weight (stage 29 
only) 0.02 

Delayed 
development < 
0.02 
Increased body 
weight (stage 29 
only) < 0.02 

Croteau et 
al., 2009 

a Indicates the source for the reliability assessment 
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b Population-relevant in black, mechanistic endpoints in red 
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Table 50 Summary of Level 5 lifecycle studies for OP in fish 
Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Oryzias 
latipes 

Medaka Extended 
One Generation 
Reproduction Test 
(MEOGRT) (OECD 
TG 240) conducted 
by United States 
Environmental 
Protection Agency 
Test item: 4-tert-
octylphenol 

2 Validation study for the 
MEOGRT test. The study 
does not meet the 
control performance 
criteria for reproduction 
according to OECD 240 
for all generations but if 
generations are 
combined the criteria are 
met. There was no 
reporting of 
physicochemical 
parameters during the 
test (this report) 

6.2, 12.5, 
25.1, 51.1, 
102.3  

Fecundity 102.3 
Fertility 51.1 
Survival > 102.3 
Hatching 102.3 
Increased growth 
(weight) 51 
Secondary sex 
characteristics 6.2 
Increase in VTG 
gene expression 
25.1 
Gonad 
histopathology 
12.5 
Liver 
histopathology 
51.1 

Fecundity 51.1 
Fertility 25.1 
Survival > 102.3 
Hatching 51.1 
Increased growth 
(weight) 25.1 
Secondary sex 
characteristics < 
6.2 
Increase in VTG 
gene expression 
12.5 
Gonad 
histopathology 6.2 
Liver 
histopathology 
12.5 

Flynn et al., 
2017 [64] 

Oryzias 
latipes 

Medaka Extended 
One Generation 
Reproduction Test 
(MEOGRT) (OECD 
TG 240) conducted 
by Japan’s National 
Institute for 
Environmental 
Studies 
Test item: 4-tert-
octylphenol 

3 Well conducted study 
but with some issues 
with reporting (it was not 
always possible to match 
the LOEC values and 
percent change 
differences to the data 
summaries partly 
because statistically 
significant effects were 
not reported). There was 
no analytical verification 

6.25, 12.5, 25, 
50, 100 µg/L 
(nominal) 

Fecundity 100 
Fertility 100 
Survival 100 
Hatching 25 
Increased growth 
(length) 12.5 
Secondary sex 
characteristics 
6.25 
VTG induction 
6.25 

Fecundity 50 
Fertility 50 
Survival 50 
Hatching 12.5 
Increased growth 
(length) 6.25 
Secondary sex 
characteristics 
< 6.25 
VTG induction 
< 6.25 

Flynn et al., 
2017 [64] 



198 of 257 

Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

of test solutions. (this 
report) 

Oryzias 
latipes 

Fish full life cycle 
test. Full life cycle 
exposure. Flow-
through exposure. 
Test item: 4-tert-
octylphenol 

2 (ECHA, 2022)  
3 The study is assessed 
as not reliable for PNEC 
derivation. There are 
uncertainties regarding 
the purity of the test 
chemical, and test 
design. It is unclear on 
how many replicates (if 
any) are used for the 
developmental stage of 
the study and the 
number of fish per 
treatment. The numbers 
of fish indicated for sex 
ratio determination do 
not suggest equal 
number of fish per 
treatment (even 
accounting for 
mortalities). The 
maximum number of fish 
for sex ratio 
determination was 59 
which is low compared 
with 120 fish used in 
OECD standard studies 
(e.g. minimum of 120 

2, 20, 50  Reduced growth 
50 
Offspring mortality 
2 (did not follow a 
concentration 
response) 
Sex ratio 2 (did not 
follow a 
concentration 
response) 
 

Reduced growth 
20 
Offspring mortality 
< 2 
Sex ratio < 2 
Testis-ova 
induction > 50 

Knörr and 
Braunbeck, 
2002 [4] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

eggs per treatment for 
the FSDT). The statistics 
were not robust (only 
application of non-
parametric approaches 
with no indication for 
whether this was the 
most appropriate 
approach). There is wide 
spacing of treatments, 
and yet endpoints for 
mortality and sex ratio do 
not follow a clear 
concentrations response. 
The 28.6% mortality at 
the lowest test 
concentration of 2 µg/L 
octylphenol at up to 7 
days post hatch is not 
seen in other more 
contemporary studies 
suggesting that there 
were methodological 
issues associated with 
this test (this report) 

Oryzias 
latipes 

Fish full life cycle 
test. Full life cycle 
exposure. Flow-
through exposure. 

4 (ECHA, 2011) Not reported Fertility/fecundity 
82.3 
Hatching success 
> 82.3 

Fertility/fecundity 
30.4 
Hatching success 
> 82.3 

Ministry of 
the 
Environment 
of Japan, 
2002 [5] 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Test item: 4-tert-
octylphenol 

Testis-ova 
induction 30.4 
VTG 9.9 

Testis-ova 
induction 9.9 
VTG < 9.9 

Danio rerio Fish full life cycle 
test. Full life cycle 
exposure. Flow-
through exposure. 
Test item: 4-tert-
octylphenol 

1 (ECHA, 2011) 1.2, 3.2, 12, 
35  

Fertilisation 35 
Offspring growth 
35 
Eggs per female 
35 
Time-to-first 
spawn 35  
Sex-ratio > 35 
 

Fertilisation 12 
Offspring growth 
12 
Eggs per female 
12 
Time-to-first 
spawn 12 

 Sex ratio 35 

Wenzel et 
al., 2001 [9] 

a Indicates the source for the reliability assessment 
b Population-relevant in black, mechanistic endpoints in red 
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Table 51 Summary of Level 4 and 5 studies for octylphenol in other aquatic species 
Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Daphnia 
magna 

Similar to 
OECD TG 211. 
21-day 
exposure to 
juveniles. 
Test item: 4-
tert-
octylphenol 

4 (ECHA, 2011) 37, 62, 120, 230, 510  Reproduction 
120 
Body length 
120 

Reproduction 62 
Body length 62 

IUCLID, 
2000 [12] 

Daphnia 
magna 

Similar to 
OECD TG 211. 
21-day 
exposure to 
juveniles. 
Test item: 4-
tert-
octylphenol 

2 (ECHA, 2022) 10, 30, 100, 300, 
1 000  

Reproduction 
100 

Reproduction 30 Huls, 1992 
(ECHA 
registration 
dossier, 
2022) [39] 

Potamopyrgus 
antipodarum 

OECD 242. 
Reproduction 
study. 
Test item 4-
tert-
octylphenol 

2 Development of a 
test guideline study 
with the test repeated 
over different seasons. 
Six tests in total one 
without analytical 
verification. Worst 
case result from the 
six studies used for 
PNEC derivation (this 
report) 

0.5, 1.7, 6.2, 21, 72 
(arithmetic mean of 5 
studies) 

Increase in 
embryos 1.7c 
Decrease in 
embryos 72d 

Increase in embryos 
0.5 
Decrease in embryos 
21 

UBA, 2017 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Potamopyrgus 
antipodarum 

Adult 
exposure, 9 
weeks 
 

3 (ECHA, 2011) 1, 5, 25, 100 
(nominal) 

Increase in 
embryos 5 
Decrease in 
embryos 100 

Increase in embryos 
1 
Decrease in embryos 
25 

Jobling et 
al., 2003 
[71] 

Nucella 
lapillus 

Adult 
exposure, 2-3 
months 

 

3 (ECHA, 2011) 1, 10, 100 (nominal) - Increase in relative 
numbers of oocytes 
and in length of 
capsule gland and 
weight of female 
pallial glands, 
increase in length of 
penis and the 
prostate gland < 1 

Oehlmann 
et al., 2000 
[70] 

Tigriopus 
japonicas 

Similar to 
OECD TG 211. 
21-day semi-
static exposure 
to < 24 hour 
old nauplii. 
Test item: 4-
tert-
octylphenol 

2 (ECHA, 2011) 
3 No analytical 
verification (this 
report) 

0.01, 0.1, 1, 10 
(nominal) 

Time to first 
copepodid 
stage (F1 
generation) 
0.01 
Time to sexual 
development 
(F1 generation) 
10 

Time to first 
copepodid stage (F1 
generation) < 0.01 
Time to sexual 
development (F1 
generation) 1  

Marcial et 
al., 2003 
[13] 

a Indicates the source for the reliability assessment 
b Population-relevant in black, mechanistic endpoints in red 
c Increase in reproduction observed in 3 of 6 studies (one study had no analytical verification). Population relevance of this endpoint is 
unclear. 
d Decrease in reproduction observed in 2 of 6 studies (one study had no analytical verification)



 

 

Appendix F: EE2 dataset 
Table 52 Summary of amphibian studies   
Taxonomic 
group / 
species 

Study type Klimisch scorea Measured test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 
Xenopus 
tropicalis 

 

Modified amphibian 
metamorphosis 
assay (tadpoles 
exposed from 
Nieuwkoop and 
Faber stage 46 - 
66). 70 
tadpoles/treatment.  
Flow-through 
exposure. 

Reliable (JRC, 2022) 
2 (this report) 

177.8,17.7, 1.77 
(equivalent to 
0.06, 0.6, 6 nM) 

Sex ratio 17.7  
Time to 
metamorphosis 
17.7 
Survival > 177.8 

Sex ratio 1.77 
Time to 
metamorphosis 
1.77 
Survival 177.8 

Pettersson 
and Berg, 
2007 

Rana 
temporaria 

Modified amphibian 
metamorphosis 
assay (tadpoles 
exposed from 
Gosner stage 22 - 
46). 70 
tadpoles/treatment.  
Flow-through 
exposure. 

Reliable (JRC, 2022) 
3 Egg masses collected 
from the wild, so may 
have been exposed to 
the test substance (or 
affected by viruses/ 
parasites, etc.). Only 
two concentrations 
tested (this report) 

2.07, 26.6 
(equivalent to 
0.07, 0.9 nM) 

Sex ratio one 
month post-
metamorphosis 
26.6 
Survival > 26.6 

Sex ratio one 
month post-
metamorphosis 
2.07 
Survival 26.6 

Pettersson 
and Berg, 
2007 

a Indicates the source for the reliability assessment 
b Population-relevant endpoints highlighted in black  
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Table 53 Summary of Level 4 studies for EE2 in fish 
Taxonomic 
group / species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

Cnesterodon 
decemmaculatus 

90-day exposure of 
newborns.  
Semi-static 
exposure.  

2 (this report) 32.3, 99.1, 
296.2 

Growth > 296.2 
Survival 99.1 
Sex ratio 32.3 
Secondary sex 
characteristics 
32.3 

Growth 296.2 
Survival 32.3 
Sex ratio < 32.3 
Secondary sex 
characteristics 
< 32.3 

Young et 
al., 2020 

Danio rerio Modified Fish Sex 
Development Test 
(FSDT). Larvae 
exposed from 43 - 
71 days post 
fertilisation (dpf) and 
then held in clean 
water until 190 dpf. 
Only results from 
experiment 2 
reported. 
Semi-static 
exposure. 

1 (Matthiessen et al., 
2017) 
2 (this report) 

1.67, 3, 10 Fertility 3 
Sex ratio 1.67 

Fertility 1.67 
Sex ratio < 1.67 

Maack and 
Segner, 
2004 

Oncorhynchus 
mykiss 

Adult male fish 
exposed for 62-days. 
Flow-through 
exposure. 

Reliable (JRC, 2022) 
2 Three test 
concentrations but 
mortality at the top 
concentration. An effect 
on fertility at the lowest 
test concentration was 
> 20% and therefore did 
not meet the criteria for 

15.6, 131, 
750 

Fertility 15.6 
Survival 750 
Testis 
histopathology 
> 750 
Gonadosomatic 
index 131 
Plasma 11-
ketotestosterone 
131 

Fertility < 15.6 
Survival 131 
Testis 
histopathology  750 
Gonadosomatic 
index 15.6 
Plasma 11-
ketotestosterone 
15.6 

Schultz et 
al., 2003 
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Taxonomic 
group / species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

deriving a LOEC (this 
report) 

Oncorhynchus 
mykiss 

Male fry exposed 
from 60-days post 
fertilisation for 76 
days.  
10 ng/L below 
analytical limit of 
detection. 
Semi-static 
exposure. 

1 (Matthiessen et al., 
2017) 
2 (this report) 

10 (nominal), 
80, 1 620, 
9 880 

Sex ratio 80 
Survival 1 620 
Growth 1 620 
Testis 
histopathology 10 
Testis-ova 
induction 80 
Gonadal 11-
ketotestosterone↓ 
9 880  
Gonadal 
oestradiol and 
testosterone > 
9 880  

Sex ratio 10 
Survival 80 
Growth 80 
Testis 
histopathology < 10 
Testis-ova induction 
10 
Gonadal 11-
ketotestosterone 
1 620  
Gonadal oestradiol 
and testosterone 
9 880 

Depiereux 
et al., 2014 

Oncorhynchus 
mykiss 

Adult males exposed 
from 857 days post 
fertilisation for 56 
days, to assess 
effects on F1. 
Flow-through 
exposure. 

1 (Matthiessen et al., 
2017) 
2 (this report) 

0.8, 8.6, 65 Survival (F1) 0.8  
Plasma 11-
ketotestosterone 
(F0) 65  
Plasma luteinizing 
hormone (F0) 65  

Survival (F1) < 0.8  
Plasma 11-
ketotestosterone 
(F0) 8.6  
Plasma luteinizing 
hormone (F0) 8.6 

Brown et 
al., 2007 

Oryzias latipes 60-day exposure of 
hatched embryos 
and then held in 
clean water for 6 
weeks. 
Semi-static 
exposure. 

1 (Matthiessen et al., 
2017) 
Reliable (JRC, 2022) 
3 No analytical 
verification. Semi-static 
renewal with a 75% water 
change every 3 days, 

1, 10, 100 
(all nominal) 

Survival 100 
Sex ratio 100 
Growth 100 
Reproduction 10 
Testis 
histopathology 
100 

Survival 10 
Sex ratio 10 
Growth 10 
Reproduction 1 
Testis 
histopathology 10 

Scholz and 
Gutzeit, 
2000 
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Taxonomic 
group / species 

Study type Klimisch scorea Measured 
test 
concentration 
(µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC 

limited reporting of 
methods (this report) 

Gonadosomatic 
index 10 
Testis aromatase 
induction 10 

Gonadosomatic 
index 1 

Testis aromatase 
induction 1 

Rutilus rutilus Modified Fish Sex 
Development Test 
(FSDT). Newly 
fertilised eggs 
exposed for 112 
days. 
Flow-through 
exposure. 

Reliable (JRC, 2022) 
3 Two test 
concentrations, limited 
reporting of methods (this 
report) 

0.3, 4 Sex ratio 0.3 
Survival 4 
Growth 4 
Head aromatase 
induction 0.3 
Whole body VTG 
induction 4  

Sex ratio < 0.3 
Survival 0.3 
Growth 0.3 
Head aromatase 
induction < 0.3 
Whole body VTG 
induction 0.3 

Lange et al., 
2008 

a Indicates the source for the reliability assessment 
b Population-relevant endpoints highlighted in black and non-population endpoints highlighted in red 
  



207 of 257 

Table 54 Summary of Level 5 lifecycle studies for EE2 in fish 
Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentrati
on (µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC  

Cyprinodon 
variegatus 

Modified OPPTS 
850.1500 (Fish Life 
Cycle Toxicity Test; 
FLCTT).  
Partial LCTT initiated 
with sub-adults: 0 - 
43, 0 - 59 or 0 - 73 
days. F1 held in clean 
water until 7days post 
fertilisation. 
Spawning trials not 
undertaken at 328 or 
723 ng/L, due to 
toxicity. 
Flow-through 
exposure. 

Reliable (JRC, 2022) 
2 (this report) 

0.25, 1.73, 
18.1, 117, 
328, 723 

Reproduction 117 
Hatch (F1) 117 
Survival 328 
Growth > 328 
Testis-ova induction 
18.1 
Gonad histopathology 
18.1 

Reproduction 
18.1 
Hatch (F1) 18.1 
Survival 117 
Growth 328 
Testis-ova 
induction 1.73 
Gonad 
histopathology 
1.73 

Zillioux et 
al., 2001 

Danio rerio Modified OPPTS 
850.1500 (Fish Life 
Cycle Toxicity Test). 
Initiated with 
spawning adults. 
F0 exposed for 40 
days, F1 exposed 
until 210 days post 
fertilisation (hpf) and 
F2 terminated at 100 
hpf. 
Only continuous 
exposure results 

1 (Matthiessen et al., 
2017) 
Reliable (JRC, 2022b) 
2 (this report) 

0.5, 4.5, 50 
(nominal) 

Fertility (F1) 0.5 
Reproduction (F1) 4.5 
Sex ratio (F1) 4.5 
Growth (F0) > 50 
Plasma VTG 
induction (F0) 0.5 
Plasma 11-
ketotestosterone (F0) 
0.5 

Fertility (F1) < 0.5 
Reproduction 
(F1). 0.5 
Sex ratio (F1) 0.5 
Growth (F0) 50 
Plasma VTG 
induction (F0) < 
0.5 
Plasma 11-
ketotestosterone 
(F0) < 0.5 

Nash et al., 
2004 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentrati
on (µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC  

reported. Results 
from recovery studies 
not reported. 
Analysis not 
determined at 50 ng/L 

as study terminated at 
day 10 due to 
complete F0 
reproductive failure. 
F1: complete 
reproductive failure at 
4.5 ng/L. 
Flow-through 
exposure. 

Danio rerio Modified OPPTS 
850.1500 (Fish Life 
Cycle Toxicity Test). 
Initiated with embryos 
F0 and F1 terminated 
at approximately 35 
days post hatch. 
F0: complete 
reproductive failure at 
10 ng/L. 
Significant decrease 
in F0 78 days survival 
at 10 ng/L not 
considered 
biologically significant 
in this report (91.3% 

1 (Matthiessen et al., 
2017) 
Reliable (JRC, 2022) 
2 (this report)  

F0: 0.05, 
0.3, 1.1, 10 
F1: 0.1, 0.3, 
2.0 

Growth (F0) 1.1 
Growth (F1) 0.3  
Reproduction (F1) 1.1 
Reproduction (F1) 2.0 
Fertility (F0) 1.1 

Growth (F0) 0.3 
Growth (F1) 0.1 
Reproduction 
(F1). 0.3 
Reproduction (F1) 
0.3 
Fertility (F0) 0.3 

Wenzel et 
al., 2001; 
Segner et 
al., 2003 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentrati
on (µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC  

versus 94.4% in 
control) 
F1: virtually complete 
reproduction failure at 
2.0 ng/L, so unable to 
assess fertility at 2.0 
ng/L. 
Flow-through 
exposure. 

Danio rerio Modified OPPTS 
850.1500 (Fish Life 
Cycle Toxicity Test, 
FLCTT). Initiated with 
embryos. 
FLCTT: F0 exposure 
from 0 - 177 days 
post fertilisation and 
F1 terminated at 
approximately 162 dpf 
(9.3 ng/L 
concentration 
depurated from 177 - 
285 dpf). 
F0: complete 
reproductive failure at 
9.3 ng/L. 

1 (Matthiessen et al., 
2017) 
Reliable (JRC, 2022) 
2 (this report)  

F0: 0.05, 
0.31, 1.1, 
9.3 
F1: 0.09, 
0.36, 2.0, 
NA. 

Growth (F0) 1.1 
Growth (F1) 2.0 
Reproduction (F0) 1.1 
Reproduction (F1) 2.0 
Fertility (F0) 1.1 
Fertility (F1) 2.0 
Survival (F0) 9.3 

Growth (F0) 0.31 
Growth (F1) 0.36 
Reproduction (F0) 
0.31 
Reproduction (F1) 
0.36 
Fertility (F0) 0.31 
Fertility (F1) 0.36 
Survival (F0) 1.1 

Schäfers et 
al., 2007 

Danio rerio Modified OPPTS 
850.1500 (Fish Life 
Cycle Toxicity). 
Initiated with embryos 

1 (Matthiessen et al., 
2017) 
Reliable (JRC, 2022) 
2 (this report)  

0.19, 0.24, 1 Growth 0.19 
Mortality (F1) 0.19 
Reproduction > 23 

Growth < 0.19 
Mortality (F1) < 
0.19 
Reproduction 23 

Soares et 
al., 2009 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentrati
on (µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC  

F0 exposure 8 
months. F1 
generation exposure 
for approx. 3.3 days. 
Flow-through 
exposure. 

Gonadosomatic index 
> 1 
Gonad histopathology 
> 1 

Gonadosomatic 
index 1 
Gonad 
histopathology 1 

Danio rerio Modified OPPTS 
850.1500 (Fish Life 
Cycle Toxicity).  
Exposure 1 - 124 
days post fertilisation. 
Fecundity/fertility 
assessed in one-off 
spawning events 
during courtship 
behaviour 
assessments. No 
spawning at 5.58 
ng/L. 
Flow-through 
exposure. 

2 (Matthiessen et al., 
2017) 
2 (this report)  

0.05 
(nominal), 
0.5 
(nominal), 
5.58 

Sex ratio 0.5 
Reproduction 5.58 
Fertility > 0.5 
Secondary sex 
characteristics 0.05 

Sex ratio 0.05 
Reproduction 0.5 
Fertility 0.5 
Secondary sex 
characteristics < 
0.05 

Larsen et 
al., 2008 

Fundulus 
heteroclitu
s 

Sixty-one week 
exposure from eggs. 
Semi-static exposure. 

2 (Matthiessen et al., 
2017) 
3 No reliable analytical 
verification and semi-
static test design. No 
dilution water control. 
Concentration of 
solvent not reported. 
Lack of reporting of 

0.1, 1, 10, 
100 (all 
nominal) 

Reproduction 100 
Hatch 100 
Growth 100 
Secondary sex 
characteristics 100 
Liver VTG induction 
100 
Gonad histopathology 
100 

Reproduction 10 
Hatch 10 
Growth 10 
Secondary sex 
characteristics 10 
Liver VTG 
induction 10 

Peters et 
al., 2010 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentrati
on (µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC  

some results and 
physchem parameters 
(this report)  

Gonad 
histopathology 
100 

Gobiocypri
s rarus 

Modified OPPTS 
850.1500 (Fish Life 
Cycle Toxicity). 
Initiated with 
embryos.  
No F2 generation, as 
complete spawning 
failure in F1 at all 
concentrations. 
Flow-through 
exposure. 

1 (Matthiessen et al., 
2017) 
Reliable (JRC, 2022) 
2 (this report) 

0.18, 0.91, 
3.61, 13.6, 
55.8 

Sex ratio (F0, F1) 
0.18 
Fertility/reproduction 
(F0, F1) 0.18 
Survival (F1) 0.18 
Growth (F1) 0.18  
Testes-ova induction 
(F0, F1) 0.18 
Pasma VTG induction 
(F0, F1) 0.18 
Gonadosomatic index 
(F0, F1) 0.18  

Sex ratio (F0, F1) 
< 0.18 
Fertility/reproducti
on (F0, F1) < 0.18 
Survival (F1) < 
0.18 
Growth(F1) < 
0.18  
Testes-ova 
induction (F0, F1) 
< 0.18 
Plasma VTG 
induction F0, F1) 
< 0.18 
Gonadosomatic 
index (F0, F1) < 
0.18 

Zha et al., 
2008 

Oryzias 
latipes 

Modified OPPTS 
850.1500 (Fish Life 
Cycle Toxicity). 
Initiated with 
embryos.  
After four to six 
months of exposure 
males and females 
mated with non-
exposed fish. 

2 or 3 (Matthiessen et 
al., 2017) 
Reliable (JRC, 2022) 
3 No analytical 
verification, no dilution 
water control, limited 
methodology (this 
report) 

0.2, 2, 10 
(all nominal) 

Fertility 10 
Testis-ova induction 2 

Fertility 2 
Testis-ova 
induction 0.2 

Balch et al., 
2004 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentrati
on (µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC  

Semi-static exposure. 
Pimephales 
promelas 

Modified OPPTS 
850.1500 (Fish Life 
Cycle Toxicity Test). 
Initiated with 
embryos. 
F0, F1 terminated at 
28 days post hatch. 
F0: reproductive pairs 
could only be set up 
from 0.16 and 0.76 
ng/L exposures, as no 
phenotypic males 
were observed at ≥ 
2.8 ng/L. Spawning 
substrates were 
added to the 2.8 and 
12 treatments for 
group spawning. 
Flow-through 
exposure. 

1 (Matthiessen et al., 
2017) 
Reliable (JRC, 2022) 
2 (this report) 

0.16, 0.76, 
2.8, 12, 47 

Hatch (F0) >4 7 
Hatch (F1) > 0.76 
Adult survival (F0) > 
0.76 
Survival (F1) > 0.76 
Growth (F0) 2.8 
Growth (F1) 0.16 
Reproduction (F0) > 
0.76 
Sex ratio (F0) 2.8 
Gonad histopathology 
(F1) 2.8 
Testes-ova induction 
(F0) 2.8 
Plasma VTG 
induction (F0) 12 

Hatch (F0) 47 
Hatch (F1) 0.76 
Adult survival (F0) 
0.76 
Survival (F1) 0.76 
Growth (F0) 0.76 
Growth (F1) < 
0.16 
Reproduction (F0) 
0.76 
Sex ratio (F0) 
0.76 
Gonad 
histopathology 
(F1) 0.76 
Testes-ova 
induction (F0) 
0.76 
Plasma VTG 
induction (F0) 2.8 

Länge et al., 
2001 

Pimephales 
promelas 

Modified OPPTS 
850.1500 (Fish Life 
Cycle Toxicity Test). 
Initiated with embryos 
F0, F1 terminated 
after fertilisation 
assessed. 
F0: spawning tiles 
were only added to 

2 (Matthiessen et al., 
2017) 
Reliable (JRC, 2022) 
2 (this report) 

0.32 
(nominal), 
0.96 
(nominal), 
3.54, 9.55, 
22.7 

Sex ratio 0.32 
Fertility 0.32 
Reproduction 3.54 
Growth (male) > 0.96 
Growth (female) 22.7 
Hatch, larval survival 
> 22.7 
Gonadosomatic index 
3.54  

Sex ratio < 0.32 
Fertility < 0.32 
Reproduction 
0.96 
Growth (male) 
0.96 
Growth (female) 
9.55 

Parrott and 
Blunt, 2005 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentrati
on (µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC  

tanks containing fish 
exposed to 0.32 and 
0.96 ng/L, as no 
phenotypic males 
were observed at ≥ 
3.54 ng/L.  
Radio-imunnoassay 
limit of detection 0.74-
1.5 ng/L). 
Flow-through 
exposure. 

Hepatosomatic index 
9.55 
Secondary sex 
characteristics 9.55 

Hatch, larval 
survival 22.7 
Gonadosomatic 
index 0.96  
Hepatosomatic 
index 3.54 
Secondary sex 
characteristics 
3.54 

Poecilia 
reticulata 

Newborns exposed 
for 108 days. 
Endpoints only 
assessed in males. 
Assume fish from 
Kristensen et al., 
2005. 
Flow-through 
exposure. 

Reliable (JRC, 2022) 
2 (this report) 

11, 44, 112 Growth 112 
Sex ratio 112 
Survival > 112 
Secondary sex 
characteristics 112 
Gonad histopathology 
44 

Growth 44 
Sex ratio 44 
Survival 112 
Secondary sex 
characteristics 44 
Gonad 
histopathology 11 

Nielsen and 
Baatrup, 
2006 

Poecilia 
reticulata 

Modified OPPTS 
850.1500 (Fish Life 
Cycle Toxicity). 
Newborns exposed 
for 108 days and 
reproduction 
behaviour determined 
with unexposed 
males and females. 

1 (Matthiessen et al., 
2017) 
2 (this report)  

10.5, 44, 
112 

Growth 112 
Reproduction 112 
Sex ratio 112 
Survival > 112 
Secondary sex 
characteristics 112 
Colouration > 112 
Sperm count > 112 

Growth 44 
Reproduction 44 
Sex ratio 44 
Survival 112 
Secondary sex 
characteristics 44 
Colouration 112 
Sperm count 112 

Kristensen 
et al., 2005 
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Taxonomic 
group / 
species 

Study type Klimisch scorea Measured 
test 
concentrati
on (µg/L) 

Resultsb (µg/L) 
 

Reference 

LOEC NOEC  

No spawning at 112 
ng/L. 
Flow-through 
exposure. 

Promatosc
histus 
minutus 

Immature fish 
exposed for 7 
months, in which EE2 
was used as a 
positive control. 
Flow-through 
exposure. 

3 (Matthiessen et al. 
2017) 
Reliable (JRC 2022b) 
3 Single test 
concentration and no 
analytical verification 
(this report)  

6 (nominal) Reproduction 6 
Fertility 6 
Growth 6 
Secondary sex 
characteristics 6 
Liver VTG mRNA 
induction 6 

Reproduction < 6 
Fertility < 6 
Growth < 6 
Secondary sex 
characteristics < 
6 
Liver VTG mRNA 
induction < 6 

Robinson et 
al., 2003 

a Indicates the source for the reliability assessment 
b Population-relevant endpoints highlighted in black, non-population endpoints highlighted in red. 



 

 

Appendix G: Alternative EE2 HC5 

G.1 Alternative EE2 probabilistic assessment  
An HC5 for EE2 was derived in Section 61 using only the lowest NOEC values for each 
species, from studies considered reliable and relevant. The resulting HC5 of 0.029 ng/L 
was derived using only six NOEC values, and had wide confidence limits (0.00372 – 
0.974 ng/L). The test designs of the studies including wide spacing of test concentrations, 
appear to contribute to the uncertainties in the SSD.  

For two of the species there was more than one relevant and reliable fish study with EE2, 
which were not included in a SSD which is based on one result for each species (ECHA, 
2008). Nevertheless, the additional studies were all valid fish life cycle or partial life cycle 
tests which could be used to improve confidence in the HC5 estimate. A HC5 was therefore 
derived using all reliable EE2 NOEC values, as shown in Table 55. An additional two 
values for D. rerio (Wenzel et al., 2001 and Schäfers et al., 2007) and one additional value 
for On. mykiss (Depiereux et al., 2014) were included in the SSD. 

Table 55 All reliable values selected for deriving the updated HC5 for EE2 
Species Endpoint (NOEC) Value 

selecte
d for 
HC5 
(ng/L) 

Reference 

 

  

Danio rerio Sex ratio 
F1 growth 
F0 growth/reproduction/fertility 

0.05 
0.1 
0.31 

Larsen et al., 2008 
Wenzel et al., 2001 
Schäfers et al., 2007 

Oncorhynchus 
mykiss 

Juvenile mortality 
Sex ratio 

0.4 (est.) 
10 

Brown et al., 2007 
Depiereux et al., 2014 

Pimephales 
promelas 

Reproduction 0.76 Länge et al., 2001 

Xenopus tropicalis Sex ratio 1.77 Pettersson and Berg, 
2007 

Cyprinodon 
variegatus 

Reproduction 18.1 Zilliouz et al., 2001 

Poecilia reticulata Reproduction/sex ratio 44 Nielsen & Baartrup, 
2006; Kristensen et al., 
2005 

 
The SSD constructed in ssdtools using this dataset is shown in Figure 9. The alternative 
“model average” HC5 for EE2 is 0.029 ng/L, with confidence limits of 0.00698 ng/L to 0.375 
ng/L.  
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Figure 9 Updated SSD for fish and amphibian using all 9 reliable EE2 data (model 
average curve from ssdtools) 

The inclusion of the additional NOEC values did improve the confidence limits but only 
slightly. The SSD was then constructed removing the two insensitive results for C. 
variegatus and P. reticulata. The SSD constructed in ssdtools using this dataset is shown 
in Figure 10. The alternative “model average” HC5 for EE2 is 0.032 ng/L, with confidence 
limits of 0.0086-0.253 ng/L. Although this further improves confidence around the HC5 
value, the result is based on only four species. It is therefore recommended to use the 
deterministic PNEC for EE2. 
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Figure 10 Updated SSD for fish and amphibian using 7 reliable EE2 data (model 
average curve from ssdtools), and excluding two studies where sensitive life stages 
were not exposed. 



 

 

Appendix H: Endocrine activity for substances included in the 
review reported in CompTox 

Table 56 Endocrine activity data for the validation substances based on data reported on the CompTox Dashboard 
Substance ER 

agonist1 
ER ant-
agonist  

AR 
agonist  

AR ant-
agonist  

Aromatase Steroidogenesis 

EE2 1.0 Inactive Inactive 1.0 Inactive â 11-deoxycortisol (AC50 = µM) 
â corticosterone (AC50 = µM) 
â cortisol (AC50 = µM) 
â deoxycorticosterone (AC50 = µM) 
á 17α-hydroxypregnenolone (AC50 = µM)  
â 17α-hydroxyprogesterone (AC50 = µM) 
â progesterone (AC50 = µM) 
Inactive for other hormones 

Nonylphenol 0.435 Inactive Inactive 0.227 AC50 = 55.0 µM; cytotox. 
AC50 = 49.0 µM. Inactive 

Not reported 

Octylphenol 0.393 Inactive 0.0035 0.229 AC50 = 20.4 µMb,c; 
cytotox. AC50 = 85.1 µM. 
active 

Not reported 

3-Benzylidene 
camphor (3-
BC) 

No data - - - - - 

Methyl paraben 0.0068  Inactive Inactive Inactive Inactive á progesterone (AC50 = 52.5 µM)  
á 17α-hydroxyprogesterone (AC50 = 41.7 
µM) 
Inactive for other hormones 
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Substance ER 
agonist1 

ER ant-
agonist  

AR 
agonist  

AR ant-
agonist  

Aromatase Steroidogenesis 

Propyl paraben 0.205 Inactive Inactive Inactive Inactive â 11-deoxycortisol (AC50 = 33.9 µM) 
â androstenedione (AC50 = 91.2 µM)a 
â corticosterone (AC50 = 34.7 µM)b 

â cortisol (AC50 = 69.2 µM)a 

â deoxycorticosterone (AC50 = 23.4 µM) 
á progesterone (AC50 = 6.46 µM)  
á 17α-hydroxyprogesterone (AC50 = 8.51 
µM) 
á 17α-hydroxypregnenolone (AC50 = 21.9 
µM)  
â testosterone (AC50 = 93.3 µM)a,b 

Inactive for other hormones 
Fenbuconazole Inactive Inactive Inactive 0.129 AC50 = 109.7 µM; cytotox 

= inactive 
â cortisol (AC50 = 0.389 µM) 
á 17α-hydroxyprogesterone (AC50 
= 0.331 µM) 
á progesterone (AC50 = 0.575 µM)a  
Inactive for other hormones 

Cyproconazole 0.0268 Inactive Inactive Inactive AC50 = 33.88 µM; cytotox 
= inactive 

â 11-deoxycortisol (AC50 = 3.31 µM)a,b 

â androstenedione (AC50 = 5.01 µM) 
â cortisol (AC50 = 3.31 µM) 
â oestradiol (AC50 = 4.68 µM) 
â oestrone (AC50 = 3.39 µM) 
â 17α-hydroxypregnenolone (AC50 = 
3.98 µM) 
â 17α-hydroxyprogesterone (AC50 = 
3.16 µM) 
â progesterone (AC50 = 1.86 µM) 
Inactive for other hormones 

Etridiazole Inactive Inactive Inactive Inactive Inactive á oestrone (AC50 = 39.8 µM)b 
Inactive for other hormones 

Propiconazole 0.0000437 Inactive Inactive 0.167 AC50 = 29.5 µM; cytotox 
AC50 = 74.1 µMa,c 

â corticosterone (AC50 = 0.331 µM) 
â cortisol (AC50 = 0.295 µM) 
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Substance ER 
agonist1 

ER ant-
agonist  

AR 
agonist  

AR ant-
agonist  

Aromatase Steroidogenesis 

Inactive for other hormones 
Prochloraz Inactive Inactive Inactive 0.295 AC50 = 1.51 µM; cytotox 

AC50 = 77.6 µMa,b,c 
â 11-deoxycortisol (AC50 = 0.347 µM) 
â androstenedione (AC50 = 0.174 µM) 
á corticosterone (AC50 = 0.0224 µM) 
â cortisol (AC50 = 0.302 µM) 
á 11-deoxycorticosterone (AC50 = 
0.0501 µM) 
â oestradiol (AC50 = 0.200 µM) 
â oestrone (AC50 = 0.282 µM) 
â 17α-hydroxypregnenolone (AC50 = 
0.123 µM) 
á progesterone (AC50 = 0.174 µM) 
â testosterone (AC50 = 0.174 µM) 
Inactive for other hormones 

Vinclozolin Inactive Inactive Inactive 0.416 AC50 = 57.5 µMa; cytotox 
AC50 = 66.1 µMa 

â 11-deoxycortisol (AC50 = 28.2 µM) 
â androstenedione (AC50 = 35.5 µM) 
â 11-deoxycorticosterone (AC50 = 14.5 
µM) 
â 17α-hydroxyprogesterone (AC50 = 23.4 
µM) 
â progesterone (AC50 = 1.13 µM) 
â testosterone (AC50 = 28.2 µM) 
Inactive for other hormones 

All data as reported on the US EPA CompTox dashboard 
1 Oestrogen receptor agonist activity based on the ToxCast Bioactivity model result 
2 Oestrogen receptor antagonist activity based on the ToxCast Bioactivity model result 
3 Androgen receptor agonist activity based on the ToxCast Bioactivity model result 
4 Androgen receptor antagonist activity based on the ToxCast Bioactivity model result 
5 AC50 result for aromatase inhibition (TOX21_Aromatase_Inhibition) and cytotoxicity (TOX21_Aromatase_Inhibition_viability) in the 
associated assay. 
6 Steroidogenesis effects (AC50) based on the result for hormone responses in H295R cell line (up or down). 
Data flags: a only the highest above baseline, b borderline activity, c Less than 50% efficacy. 

https://comptox.epa.gov/dashboard/


 

 

Appendix I: Decision tree for applying AF to 
account for ED properties 
adapted from James et al., 
(2023) 

The decision tree for applying additional AF to account for ED properties adapted from 
James et al., (2023) is given in Figure 11. For this report the validation substances are 
assumed to be confirmed ED (although for some of the substances a regulatory decision 
on the ED properties may not have been confirmed). The adapted decision tree therefore 
focuses on confirmed EDCs. Further information on data availability requirements for 
application of AF to unconfirmed EDCs can be found in James et al. (2023).   

  

Figure 11. A proposed decision tree for applying AF to account for ED properties 
adapted from James et al. (2023) 



 

 

Appendix J: Validation substance data 
summaries 

J.1. Methyl paraben  
This section focuses on methyl paraben (CAS: 99-76-3; EC: 202-785-7). Methyl paraben 
has the molecular formula C8H8O3, and the structural formula is shown below. 

 

The physicochemical properties of methyl paraben are shown in Table 57, based on data 
from IUCLID (2022). 

Table 57 Physicochemical properties of methyl paraben (CAS: 99-76-3) based on 
data from IUCLID (2022) 

Property Value 

Molecular weight 152.15 

Density 1.3775 g/cm3 at 20 °C 

Vapour pressure 0.000028 Pa at 20°C 

Partition coefficient log Kow: 1.66 - 1.98 

Water solubility 1 880 mg/L at 20 °C 

Aquatic toxicity data for methyl paraben is available from the substance dossier in the 
ECHA Dissemination Portal (IUCLID, 2022b). The aquatic dataset includes two fish sexual 
development tests (Level 4) and one chronic aquatic invertebrate assay (Level 4) which 
are potentially reliable and relevant for PNEC derivation (Table 58). Chronic algae data is 
also reported. The lowest chronic effect level was reported in a fish sexual development 
study conducted according to OECD TG 234 (Level 4) with Danio rerio, which determined 
a NOEC of 24 μg/L for survival (IUCLID, 2022b). There is also a result from a FSTRA with 
the Japanese medaka (Oryzias latipes) conducted as part of the Ministry of the 
Environment of Japan’s fourth program on endocrine disrupting effects of chemical 
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substances (Kawashima et al., 2021). A PNEC was deterministically derived by applying 
an AF of 10 (ECHA, 2008, Table R.10-4), resulting in a PNEC of 2.4 μg/L (EA, 2020b). 

Table 58 Summary of reliable data relevant for chronic PNEC derivation for methyl 
paraben (IUCLID, 2022b) 

Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

Algae and aquatic 
plants 

Raphidocelis 
subcapitata 

Growth 
inhibition 
(ISO 8692) 

NOEC: 20 000 
(based on 72-hour 
growth rate) 

EC10: 31 000 
(based on 72-hour 
growth rate) 

IUCLID, 
2022b 

Aquatic invertebrates Daphnia 
magna 

Reproduction 
(OECD TG 
211) 

NOEC: 200 (based 
on reproduction) 

IUCLID, 
2022b 

Fish  Oryzias 
latipes 

FSTRA 
(OECD TG 
229) 

NOEC: 357 (male 
VTG induction) 

NOEC: 1 900 
(reduction in 
number of fertilised 
eggs and total 
number of eggs) 

Kawashima 
et al., 2021 

Fish Danio rerio 2 FSDT 
(OECD TG 
234) 

FSDT 2 (definitive 
study) 

NOEC: 7.96 (based 
on female VTG) 

NOEC: 24 (based 
on total length at 35 
days post-
fertilisation [dpf], 
total survival and 
wet weight of all 
fish at 70 dpf) 

NOEC: 78.4 (based 
on hatching 

IUCLID, 
2022b 
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Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

success and female 
weight at 70 dpf) 

FSDT 1 (repeated 
because fish did not 
achieve sexual 
maturity within the 
test) 

NOEC: ≥ 250 
(based on post-
hatch survival at 35 
dpf, survival 
between 35 and 70 
dpf, male and 
female length and 
total length of all 
fish at 70 dpf, male 
weight at 70 dpf, 
sex ratio, % male, 
% female, % 
undifferentiated, 
male VTG, 
undifferentiated 
VTG) 

Danio rerio FSDT 
(OECD TG 
234) 

NOEC: 110 (based 
on post-hatch 
survival at 35 dpf 
and total survival at 
63 dpf) 

NOEC: 2 780 
(based on total 
length at 35 dpf and 
wet weight of all 
fish at 63 dpf) 

NOEC: ≥ 9 640 
(based on hatching 
success and total 

IUCLID, 
2022b 
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Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

length of all fish at 
63 dpf) 
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J.2. Propyl paraben  
This section focuses on propyl paraben (CAS: 94-13-3; EC: 202-307-7). Propyl paraben 
has the molecular formula C10H12O3, and the structural formula is shown below. 

 

The physicochemical properties of propyl paraben are shown in Table 59, based on data 
from IUCLID (2021b). 

Table 59 Physicochemical properties of propyl paraben (CAS: 94-13-3) based on 
data from IUCLID (2021b) 

Property Value 

Molecular weight 180.20 

Density 1.287 g/cm³ at 20 °C 

Vapour pressure 0.00034 Pa at 20°C 

Partition coefficient 2.34 – 3.04 (average: 2.80) 

Water solubility 500 mg/L at 25°C 

Aquatic toxicity data for propyl paraben is available from the substance dossier in the 
ECHA Dissemination Portal (IUCLID, 2021b). The aquatic dataset includes one fish sexual 
development test (Level 4) and one chronic aquatic invertebrate assay (Level 4) which are 
potentially reliable and relevant for PNEC derivation (Table 60). Chronic algae data is also 
reported. The lowest chronic effect level was reported in a fish sexual development study 
conducted according to OECD TG 234 (Level 4) with Danio rerio, which determined a 
NOEC of 165 μg/L for sex ratio and proportion of females (IUCLID, 2021b). A PNEC can 
be deterministically derived by applying an AF of 10 (ECHA, 2008, Table R.10-4), resulting 
in a PNEC of 16.5 μg/L. A deterministic PNEC of 5 μg/L was previously derived by 
applying an AF of 50 on the Daphnia reproduction NOEC of 250 μg/L as no chronic fish 
studies were available at that time (EA, 2020b). There is also a result from a FSTRA with 
the Japanese medaka (Oryzias latipes) conducted as part of the Ministry of the 
Environment of Japan’s fourth program on endocrine disrupting effects of chemical 
substances (Kawashima et al., 2021). 
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Table 60 Summary of reliable data relevant for chronic PNEC derivation for propyl 
paraben (IUCLID, 2021b) 

Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

Algae and 
aquatic 
plants 

Raphidocelis 
subcapitata 

Growth 
inhibition 
(OECD TG 
201) 

NOEC: 2 100 (based 
on 72-hour growth rate 
and yield) 

EC10: 5 900 (based on 
72-hour growth rate) 

EC10: 3 500 (based on 
72-hour yield) 

IUCLID, 
2021b 

Aquatic 
invertebrates 

Daphnia magna Reproduction 
(OECD TG 
211) 

NOEC: 250 (based on 
mobility, length, 
reproduction and 
development) 

EC10: 160 (based on 
reproduction) 

LC10: 440 (based on 
mobility) 

EC10: 580 (based on 
development rate) 

EC10: 690 (based on 
length) 

IUCLID, 
2021b 

Fish  Oryzias latipes FSTRA 
(OECD TG 
229) 

LOEC: 311 (male VTG 
induction) 

NOEC: 311 (reduction 
in number of fertilised 
eggs) 

Kawashima 
et al., 2021 

Fish Danio rerio FSDT 
(OECD TG 
234) 

NOEC: 165 (based on 
sex ratio and % 
females) 

NOEC: ≥ 518 (based 
on post-hatch survival 
at 35 and 70 days 

IUCLID, 
2021b 
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Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

post-fertilisation [dpf], 
% males and female 
VTG content) 

J.3. 3-Benzylidene camphor (3-BC) 
This is a summary of the available data for 3-Benzylidene camphor (3-BC) (CAS: 15087-
24-8; EC: 239-139-9). 3-BC has the molecular formula C17H20O, and the structural formula 
is shown below.  

 

The physicochemical properties of 3-BC are shown in Table 61, based on data from ECHA 
(2016). 

Table 61 Physicochemical properties of 3-BC (CAS: 15087-24-8) based on data from 
ECHA (2016) 

Property Value 

Molecular weight 240.35 

Density 1.079 g/cm3 at 20°C (calculated) 

Vapour pressure 4.45 x 10-3 Pa at 25°C (calculated) 

Partition coefficient Log KOW: 5.37 (calculated) 

Water solubility 0.6893 mg/L at 25 °C (calculated) 

3-BC is not registered under REACH and therefore there is no data for this substance in 
the ECHA Dissemination Portal. However, a SVHC support document for environmental 
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ED properties is available and contains aquatic ecotoxicity data to support PNEC 
derivation (ECHA, 2016). The aquatic dataset includes two fish ED screening studies 
(Level 3) and one AMA (Level 3) which are reliable and potentially relevant for PNEC 
derivation (Table 62). Chronic algae data was not reported. The lowest chronic effect level 
was reported in a FSTRA study (Level 3) conducted with Pimephales promelas, which 
determined a NOEC of 33 μg/L based on reproduction, male VTG induction and male 
secondary sex characteristics (Kunz et al., 2006). Although the NOEC for testis and ovary 
histology is lower, this endpoint is not relevant for PNEC derivation. A tentative PNEC was 
deterministically derived by applying an AF of 100 (ECHA, 2008, Table R.10-4), resulting 
in a PNEC of 0.33 μg/L (EA, 2021). A FSTRA is a mechanistic study used in the absence 
of other information however it would not usually be suitable for PNEC derivation because 
the relatively short exposure period is considered insufficient for assessing reproductive 
effects. 

Table 62 Summary of reliable data relevant for chronic PNEC derivation for 3-BC 
(ECHA, 2016) 

Trophic level Species Study type Chronic effect level        
(μg/L) 

Reference 

Algae and 
aquatic 
plants 

None reported 
ECHA, 
2016 

Amphibian Xenopus 
laevis (frog) 

AMA (OECD 
TG 231) 

NOEC: ≥ 50 (based on 
metamorphosis rate, length 
and sex ratio) 

ECHA, 
2016 

Fish Pimephales 
promelas 

FSTRA 
(OECD TG 
229) 

NOEC: 0.5 (based on testis 
and ovarian histology) 

NOEC: 33 (based on 
reproduction, male VTG 
induction and male 
secondary sex 
characteristics) 

ECHA, 
2016 

Pimephales 
promelas 

14-day ED 
screening 

NOEC: 100 (based on 
growth and VTG induction) 

ECHA, 
2016 
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J.4. Fenbuconazole 
This is a data summary for fenbuconazole (CAS: 114369-43-6; EC: 406-140-2). 
Fenbuconazole has the molecular formula C19H17ClN4, and the structural formula is shown 
below. 

 

The physicochemical properties of fenbuconazole are shown in Table 63, based on data 
from IUCLID (2021c). 

Table 63 Physicochemical properties of fenbuconazole (CAS: 114369-43-6) based on 
data from IUCLID (2021c) 

Property Value 

Molecular weight 336.8 

Density 1.28 at 20°C 

Vapour pressure 3.4 x 10-7 Pa at 25°C 

Partition coefficient Log KOW: 3.79 

Water solubility 2.47 mg/L at 20°C 

Aquatic toxicity data for fenbuconazole is available from an EU Draft Assessment Report 
(DAR) (EFSA, 2010a). The aquatic dataset includes one fish ED screening assay (Level 
3), one fish early life stage study (Level 4), one fish full life cycle study (Level 5) and two 
aquatic invertebrate reproduction assays (Level 4) which are reliable and relevant for 
PNEC derivation (Table 64). Chronic algae data is available in the substance dossier in 
the ECHA Dissemination Portal (IUCLID, 2021c). The lowest chronic effect level was 
reported in the FLCTT study (Level 5) conducted with Pimephales promelas, which 
determined a NOEC of 23 μg/L based on reproduction (number of spawns); biomarkers 
and histology was not assessed in this study. The PNEC was deterministically derived by 
applying an AF of 10 (ECHA, 2008, Table R.10-4), resulting in a PNEC of 2.3 μg/L (EA, 
2023). 
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Table 64 Summary of reliable data relevant for chronic PNEC derivation for 
fenbuconazole (EFSA, 2010a, IUCLID, 2021c) 

Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

Algae and 
aquatic 
plants 

Selenastrum 
capricornutum 

Growth 
inhibition 
(OECD TG 
201) 

NOEC: 25 (based on 
72-hour growth rate) 

NOEC: 77 (based on 
96-hour growth rate) 

NOEC: 290 (based on 
120-hour growth rate) 

IUCLID, 
2021c 

Desmodesmus 
subspicatus 

Growth 
inhibition 
(OECD TG 
201) 

NOEC: 125 (based on 
96-hour growth rate) 

IUCLID, 
2021c 

Pseudokirchneriella 
subcapitata 

Growth 
inhibition 
(OECD TG 
201) 

NOEC: 324 (based on 
72-hour growth rate) 

IUCLID, 
2021c 

Lemna gibba Growth 
inhibition 
(OECD TG 
221) 

NOEC: 237 (based on 
biomass, growth rate, 
dry weight and frond 
number) 

IUCLID, 
2021c 

Aquatic 
invertebrates 

Daphnia magna Reproduction 
(OECD TG 
211) 

NOEC: 78 (based on 
reproductive capacity, 
immobility and adult 
length) 

EFSA, 
2010a 

Chironomus 
riparius 

31-day 
reproduction 
(OECD TG 
218) 

NOEC: 1 730 
(development and 
emergence) 

EFSA, 
2010a 

Fish Oncorhynchus 
mykiss 

21-day 
prolonged 
toxicity 

NOEC: 320 (based on 
body weight and 
length) 

EFSA, 
2010a 
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Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

(OECD TG 
204) 

Pimephales 
promelas 

FELS 
(OECD TG 
210) 

NOEC: 82 (based on 
fry wet weight) 

EFSA, 
2010a 

Pimephales 
promelas 

FLCTT (US 
EPA OPPTS 
850.1500) 

NOEC: 23 (based on 
number of spawns) 

EFSA, 
2010a 

 

J.5. Cyproconazole 
This is a data summary for cyproconazole (CAS: 94361-06-5, 94361-07-6, 113096-99-4; 
EC: 619-020-1). Cyproconazole has the molecular formula C15H18ClN3O, and the 
structural formula is shown below. 

 

The physicochemical properties of fenbuconazole are shown in Table 65, based on data 
from EFSA (2010b). 
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Table 65 Physicochemical properties of cyproconazole based on data from EFSA 
(2010b)  

Property Value 

Molecular weight 291.8 

Vapour pressure 2.6 x 10-5 Pa at 25 °C 

Partition coefficient Log KOW: 3.09 

Water solubility 93 mg/L at 22 °C 

Aquatic toxicity data for cyproconazole is available from a European Union Draft 
Assessment Report (EU DAR) (EFSA, 2010b) and in the ECHA registration portal (ECHA, 
2023). The aquatic dataset includes one 21-day fish assay (Level 3), one fish short-term 
reproduction assay (Level 3), two fish early life stage studies (Level 4), two fish full life 
cycle studies (Level 5) and three aquatic invertebrate reproduction assays (Level 4) which 
are reliable and relevant for PNEC derivation (Table 66). Chronic algal toxicity was also 
reported. The lowest chronic effect level relevant for PNEC derivation was reported in an 
algal growth test, with a NOEC of 21 μg/L. The PNEC was deterministically derived by 
applying an AF of 10 (ECHA, 2008, Table R.10-4), resulting in a PNEC of 2.1 μg/L, and is 
the PNEC used in the ECHA registration dossier. 

For the preparation of the second priority substance watch list under the Water Framework 
Directive, the JRC identified two PNECs for cyproconazole in freshwater (JRC, 2016). The 
lowest PNEC was 0.6 μg/L, which was deterministically derived by applying an AF of 10 
(ECHA, 2008, Table R.10-4) on a NOEC of 6 μg/L for Raphidocelis subcapitata (INERIS, 
2011). This algae study is 120 hours duration and therefore does not follow the standard 
test design. The result is therefore not used as part of the present assessment. The 
dataset used for this PNEC derivation is also summarised in Table 66. 
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Table 66 Summary of reliable data relevant for chronic PNEC derivation for 
cyproconazole (EFSA, 2010b; INERIS, 2011) 

Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

Algae and 
aquatic 
plants 

Desmodesmus 
subspicatus 

Growth 
inhibition 
(OECD TG 
201) 

NOEC: 21 (based 
on 96-hour biomass) 

EFSA, 
2010b; 
INERIS, 
2011 

Chlorella vulgaris Growth 
inhibition 
(OECD TG 
201) 

NOEC: 392 (based 
on 72-hour growth) 

EFSA, 
2010b; 
INERIS, 
2011 

Pseudokirchneriella 
subcapitata 

Growth 
inhibition 
(OECD TG 
201) 

NOEC: 6 (based on 
120-hour 
abundance, non-
standard test 
design) 

INERIS, 
2011 

Lemna gibba Growth 
inhibition 
(OECD TG 
221) 

NOEC: 12 500 
(based on biomass 
and dry weight) 

EFSA, 
2010b; 
INERIS, 
2011 

Aquatic 
invertebrates 

Daphnia magna Reproduction 
(OECD TG 
211) 

NOEC: 290 (based 
on reproduction) 

EFSA, 
2010b; 
INERIS, 
2011 

Daphnia magna Reproduction 
(OECD TG 
211) 

NOEC: 23 (based 
on reproduction) 

EFSA, 2010b 

Chironomus 
riparius 

Emergence and 
development 
(OECD TG 
218) 

NOEC: 5 000 
(based on 
development rate) 

EFSA, 
2010b; 
INERIS, 
2011 

Daphnia magna Reproduction 
(OECD TG 
211) 

NOEC: 19 (further 
details not publicly 
available) 

INERIS, 
2011 
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Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

Daphnia magna Reproduction 
(OECD TG 
211) 

NOEC: 19 000 
(further details not 
publicly available) 

INERIS, 
2011 

Fish Oncorhynchus 
mykiss 

21-day 
prolonged 
toxicity (OECD 
TG 204) 

NOEC: 650 (based 
on clinical effects 
(loss of 
coordination)) 

NOEC: 5 040 
(based on body 
weight and length) 

EFSA, 
2010b; 
INERIS, 
2011 

Pimephales 
promelas 

FSTRA (OECD 
TG 229) 

NOEC: ≥ 2 000 
(based on 
reproduction, male 
and female SSC, 
histology and VTG) 

EFSA, 
2010b; 
INERIS, 
2011; 
IUCLID, 
2024 

Oncorhynchus 
mykiss 

FELS (OECD 
TG 210) 

NOEC: < 160 
(based on fry 
growth, study 
conducted in 1993) 

EFSA, 
2010b; 
INERIS, 
2011 

Oncorhynchus 
mykiss 

FELS (OECD 
TG 210) 

NOEC: ≥ 305 
(based on hatching 
success, survival 
and larval growth, 
study conducted in 
2006) 

EFSA, 
2010b; 
INERIS, 
2011 

Pimephales 
promelas 

FLCTT (US 
EPA OPPTS 
850.1500) 

NOEC: 125 (based 
on egg production) 

NOEC: 500 (based 
on VTG inhibition) 

EFSA, 
2010b; 
INERIS, 
2011 
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Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

Pimephales 
promelas 

FLCTT (US 
EPA OPPTS 
850.1500) 

NOEC: 510 (based 
on number of 
spawns per female) 

NOEC: ≥ 950 
(based on F0 and 
F1 survival, length, 
wet weight, VTG 
and sex ratio) 

NOEC: 950 (based 
on number of 
spawns per female) 

EFSA, 
2010b; 
INERIS, 
2011 

J.6. Propiconazole 
This is a data summary for propiconazole (CAS: 60207-90-1; EC: 262-104-4). 
Propiconazole has the molecular formula C15H17Cl2N3O2, and the structural formula is 
shown below. 

 

The physicochemical properties of propiconazole are shown in Table 67, based on data 
from EFSA (2017).  
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Table 67 Physicochemical properties of propiconazole (CAS: 60207-90-1) based on data 
from EFSA (2017) 

Property Value 

Molecular weight 342.2 

Vapour pressure 5.6 x 10-5 Pa at 25 °C 

Partition coefficient Log KOW: 3.72 

Water solubility 150 mg/L at 20 °C 

Aquatic toxicity data for propiconazole is available from an EU DAR (EFSA, 2017) and the 
SETAC Pellston Workshop® review (Matthiessen et al., 2017). The aquatic dataset in the 
DAR includes two fish short-term reproduction assays (Level 3), one amphibian 
metamorphosis assay (Level 3), one fish early life stage study (Level 4), two fish full life 
cycle studies (Level 5) and four aquatic invertebrate reproduction assays (Level 4) which 
are reliable and relevant for PNEC derivation (Table 68). Chronic algal toxicity was also 
reported. The lowest chronic effect level reported in the EU DAR was for a FLCTT study 
(Level 5) conducted with Cyprinodon variegatus, which determined a NOEC of 68 µg/L 
based on reproduction.  

For the preparation of the third priority substance watch list under the Water Framework 
Directive, the JRC report different NOECs for propiconazole in freshwater (JRC, 2020). 
There were two NOECs for algae (16 µg/L for Desmodesmus subspicatus and 0.95 µg/L 
for an unspecified species), a NOEC of 60 µg/L for crustaceans and a NOEC of 5.8 µg/L 
for fish. The NOEC for fish is assumed to be the result for VTG inhibition from Skolness et 
al. (2013), however this endpoint is not population-relevant. The JRC derived a PNEC of 
0.095 µg/L based on the algal NOEC of 0.95 µg/L citing Zhou et al. (2019) as the source. 
Zhou et al. (2019), is not however the primary source and therefore the results cannot be 
verified. Similarly, the result for D. subspicatus cannot be verified. The JRC PNEC will 
therefore not be used as the basis for the assessment.  

The standard PNEC for propiconazole is therefore based on the NOEC of 68 µg/L from the 
fish life cycle test with C. variegatus with an AF of 10 applied (PNEC = 6.8 µg/L). Although 
this is with an estuarine species. 
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Table 68 Summary of reliable data relevant for chronic PNEC derivation for 
propiconazole (EFSA, 2017; Matthiessen et al., 2017; JRC, 2020) 

Trophic level Species Study type Chronic effect level 
(µg/L) 

Reference 

Algae and 
aquatic 
plants 

Pseudokirchneriella 
subcapitata 

Growth 
inhibition 
(OECD TG 
201) 

NOEC: 460 (based on 
72-hour growth rate) 

NOEC: 130 (based on 
72-hour biomass and 
yield) 

EFSA, 2017 

Desmodesmus 
subspicatus 

Not reported NOEC: 16 JRC, 2020 

Not reported Not reported NOEC: 0.95 (further 
details not available) 

JRC, 2020; 
Zhou et al., 
20191 

Aquatic 
invertebrates 

Daphnia magna Reproduction 
(OECD TG 
211) 

NOEC: 310 (based on 
reproduction and 
mortality) 

EFSA, 
2017; 
Matthiessen 
et al., 2017 

Daphnia magna Reproduction 
(OECD TG 
211) 

NOEC: 370 (based on 
growth [adult length]) 

EC10: 350 (based on 
reproduction) 

EFSA, 
2017; 
Matthiessen 
et al., 2017 

Daphnia magna Reproduction 
(OECD TG 
211) 

NOEC: 60 (based on 
development) 

JRC, 2020; 
Zhou et al., 
20191 

Chironomus 
riparius 

28-day 
emergence 
and 
development 
(OECD TG 
218/219) 

NOEC: 4 000 (based on 
development rate) 

EFSA, 2017 

Americamysis 
bahia 

28-day 
reproduction 

NOEC: 114 (based on 
reproduction) 

EFSA, 2017 
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Trophic level Species Study type Chronic effect level 
(µg/L) 

Reference 

NOEC: 205 (based on 
reproduction and 
mortality) 

Matthiessen 
et al., 2017 

Amphibians Xenopus laevis AMA (OECD 
TG 231) 

NOEC: 56 (based on 
snout-to-vent length and 
body weight) 

NOEC: ≥ 570 (based on 
hind-limb length, 
development and 
thyroid histology) 

EFSA, 
2017; 
Matthiessen 
et al., 2017 

Fish Pimephales 
promelas 

FSTRA 
(OECD TG 
229) 

NOEC: 120 (based on 
reproduction, female 
body weight and length, 
gonadosomatic index, 
female VTG inhibition, 
female histopathology 
and male nuptial 
tubercle score but also 
effects on female 
survival (general 
toxicity)) 

NOEC: ≥ 1 000 (based 
on survival, male body 
weight and length, male 
histopathology and male 
VTG induction) 

EFSA, 
2017; 
Matthiessen 
et al., 2017 

Pimephales 
promelas 

FSTRA 
(OECD TG 
229) 

NOEC: 5.8 (based on 
female VTG induction) 

NOEC: 53 (based on 
fecundity and 
gonadosomatic index) 

Skolness et 
al., 2013 

Pimephales 
promelas 

FELS 
(OECD TG 
210) 

NOEC: 430 (based on 
survival) 

EFSA, 2017 
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Trophic level Species Study type Chronic effect level 
(µg/L) 

Reference 

EC10: 380 (based on 
wet weight) 

Pimephales 
promelas 

FLCTT (US 
EPA OPPTS 
850.1500) 

NOEC: 7.8 (based on 
increased F1 male 
nuptial tubercle score) 

NOEC: 21 (based on F1 
male interstitial cell 
hyperplasia and 
hypertrophy) 

NOEC: 188 (based on 
F0 and F1 reproduction 
and F1 female VTG 
inhibition) 

NOEC: ≥ 558 (based on 
F0 length and body 
weight; F1 hatching 
success, survival, 
growth, sex ratio and 
male VTG induction; 
and F2 hatching 
success and survival) 

EC10: 119 (based on F0 
and F1 egg production) 

EFSA, 
2017; 
Matthiessen 
et al., 2017 

Cyprinodon 
variegatus 

FLCTT (US 
EPA OPPTS 
850.1500) 

NOEC: 68 (based on F0 
reproduction) 

NOEC: 150 (based on 
F1 hatching success) 

NOEC: 290 (based on 
F1 survival) 

NOEC: ≥ 550 (based on 
F0 hatching, survival 
and growth) 

EFSA, 
2017; 
Matthiessen 
et al., 2017 
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J.7. Prochloraz 
This is a data summary for prochloraz (CAS: 67747-09-5; EC: 266-994-5). Prochloraz has 
the molecular formula C15H16Cl3N3O2, and the structural formula is shown below. 

 

The physicochemical properties of prochloraz are shown in Table 69, based on data from 
EFSA (2011).  

Table 69 Physicochemical properties of prochloraz (CAS: 67747-09-5) based on data from 
EFSA (2011) 

Property Value 

Molecular weight 376.7 

Vapour pressure 1.5 x 10-4 Pa at 25 °C 

Partition coefficient Log KOW: 3.50 – 3.53 at 25°C; 4.3 – 4.4 at 
20 – 25 °C 

Water solubility 34.4 mg/L at 25 °C 

Aquatic toxicity data for prochloraz is available from an EU DAR (EFSA, 2011). The 
aquatic dataset includes one fish early life stage study (Level 4), one fish full life cycle 
study (Level 5) and one aquatic invertebrate reproduction assay (Level 4) which are 
reliable and relevant for PNEC derivation (Table 70). The lowest chronic effect level was 
reported for algae, with a NOEC of 3.2 μg/L. Four additional fish short-term reproduction 
assays (OECD, 2006; Onishi et al., 2021), a FELS test (EFSA, 2011), five FSDT from 
OECD method validation (Holbech et al., 2012) and a MEOGRT (Flynn et al., 2017) are 
available in the literature. In the FSTRA (OECD CF Level 3) the lowest NOEC is from a 
study with Oryzias latipes, which was 20 μg/L based on spawning activity (OECD, 2006). 
The NOEC of 48.5 µg/L for reduced growth in the FELS test with P. promelas (EFSA, 
2011), was lower than the NOECs of 96 – 106 μg/L with the same species, based on sex 
ratio in an FSDT (Holbech et al., 2012). In the MEOGRT the NOEC based on fecundity in 
the F2 generation was 17.5 μg/L. There was also a NOEC of 5.3 μg/L based on reduced 
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growth of the F1 sub-adult, however the biological relevance of this was unclear because 
the change was small and was not apparent in the adult fish. 

For the preparation of the third priority substance watch list under the Water Framework 
Directive, the JRC identified three PNECs for prochloraz in freshwater (JRC, 2020). The 
lowest PNEC was reported to be 0.161 μg/L, which was derived from acute data (Zhou et 
al., 2019). The other two PNECs were derived by EU Member States (France: 10 μg/L, 
Netherlands: 1.3 μg/L) but there is no publicly available information on the dataset used. 

Table 70 Summary of reliable data relevant for chronic PNEC derivation for 
prochloraz (EFSA, 2011) 

Trophic level Species Study type Chronic effect level   
(μg/L) 

Reference 

Algae and 
aquatic 
plants 

Desmodesmus 
subspicatus 

OECD TG 
201 

NOEC: 3.2 EFSA 
DAR, 
2007 

Aquatic 
invertebrates 

Daphnia 
magna 

Reproduction 
(OECD TG 
211) 

NOEC: 22.2 (based on 
reproduction) 

EFSA, 
2011 

Fish Oncorhynchus 
mykiss 

28-day assay NOEC: 180 (based on 
behavioural abnormalities) 

EFSA, 
2011 

Pimephales 
promelas 

FSTRA 
(OECD TG 
229) 

NOEC: 100 (based on 
female VTG) 

OECD, 
2006 

Oryzias latipes FSTRA 
(OECD TG 
229) 

NOEC: 20 (based on 
spawning activity) 

NOEC: 100 (based on 
female VTG) 

OECD, 
2006 

Danio rerio FSTRA 
(OECD TG 
229) 

NOEC: 100 (based on 
female VTG) 

OECD, 
2006 

Oryzias latipes FSTRA 
(OECD TG 
229) 

NOEC: 20.6 (based on 
female VTG and fertility 
rate) 

Onishi et 
al., 2021 
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Trophic level Species Study type Chronic effect level   
(μg/L) 

Reference 

NOEC: ≥ 44.9 (based on 
mortality, length, weight, 
GSI, HSI, male VTG, male 
and female SSC, number 
of total eggs, number of 
fertilised eggs) 

Pimephales 
promelas 

FELS 
(OECD TG 
210) 

NOEC: 48.5 (further 
details not publicly 
available) 

EFSA, 
2011 

Pimephales 
promelas 

FSDT 
(OECD TG 
234) 

NOEC: 96 – 106 (sex ratio 
based on 2 labs in FSDT 
validation) 

NOEC: < 29 – 31 (female 
VTG based on 2 labs in 
FSDT validation) 

Holbech et 
al., 2012 

Danio rerio FSDT 
(OECD TG 
234) 

NOEC: 48 - < 60 (sex ratio 
based on 3 labs in FSDT 
validation) 

NOEC: (15 – 60 female 
VTG based on 3 labs in 
FSDT validation) 

Holbech et 
al., 2012 

Oryzias latipes MEOGRT 
(OECD TG 
240) 

NOEC:  

17.5 (fecundity) 

5.3 (decreased growth in 
sub adults although 
biological relevance 
unclear because the effect 
was small and not 
observed in the adult, VTG 
in females and SSC in 
males) 

Flynn et 
al., 2017 
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Trophic level Species Study type Chronic effect level   
(μg/L) 

Reference 

Pimephales 
promelas 

FLCTT (US 
EPA OPPTS 
850.1500) 

NOEC: 24.9 (based on F1 
egg production) 

NOEC: ≥ 191 (based on 
F1 and F2 sex ratio and 
male and female VTG) 

EFSA, 
2011 
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J.8. Vinclozolin 
This is a data summary for vinclozolin (CAS: 50471-44-8; EC: 256-599-6). Vinclozolin has 
the molecular formula C12H9Cl2NO3, and the structural formula is shown below. 

 

The physicochemical properties of vinclozolin are shown in Table 71, based on data from 
PubChem1.   

Table 71 Physicochemical properties of vinclozolin (CAS: 50471-44-8) based on data 
from PubChem2 

Property Value 

Molecular weight 286.11 

Vapour pressure 1.6 x 10-5 Pa at 20 °C 

Partition coefficient Log KOW: 3.10 

Water solubility 2.6 mg/L at 20 °C 

A summary of aquatic ED data for vinclozolin is available from the SETAC Pellston 
Workshop® (Matthiessen et al., 2017). The aquatic dataset includes one fish full life cycle 
study (Level 5), three fish multigenerational assays (Level 5) and five aquatic invertebrate 
reproduction assay (Level 4) which are reliable and relevant for PNEC derivation (Table 
72). Ten additional studies are available in the literature covering fish short-term 
reproduction assays (FSTRA) (Nakamura et al., 2014; Onishi et al., 2021; Martinović et al., 

 

 

1 https://pubchem.ncbi.nlm.nih.gov/compound/Vinclozolin (accessed January 2023) 

2 https://pubchem.ncbi.nlm.nih.gov/compound/Vinclozolin (accessed January 2023) 

https://pubchem.ncbi.nlm.nih.gov/compound/Vinclozolin
https://pubchem.ncbi.nlm.nih.gov/compound/Vinclozolin
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2008; Makynen et al., 2000), androgenised female stickleback screening (AFSS) assays 
(Katsiadaki et al., 2006; Jolly et al., 2009; Pottinger et al., 2013; OECD, 2022), rapid 
androgen disruption activity reporter (RADAR) assays (OECD, 2022) and a medaka 
extended one-generation reproduction test (MEOGRT) (Flynn et al., 2017). Mechanistic 
data indicates anti-androgenic activity from IC50 = 4.25 μg/L in an AFSS, a NOEC of 
33.3 μg/L in the RADAR, and a NOEC of 137 μg/L in a FSTRA. A regulatory assessment 
for vinclozolin is not available. Matthiessen et al. (2017) conclude that population-relevant 
effects of vinclozolin (LOEC) typically occur at 150 μg/L and above. 

In the absence of risk assessment data the MEOGRT study (Level 5), which determined a 
NOEC of 17.3 μg/L based on F1 and F2 larvae survival (Flynn et al., 2017) as a 
conservative assessment although it should be noted that these effects were not observed 
in three Medaka Multigeneration Tests (US EPA, 2013). However, a reduced number of 
male secondary sex characteristics were consistently reported in the medaka 
multigeneration studies at test concentrations below 17.3 μg/L. A PNEC can be 
deterministically derived by applying an AF of 10, resulting in a PNEC of 1.7 μg/L. 
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Table 72 Summary of reliable data relevant for chronic PNEC derivation for 
vinclozolin (Matthiessen et al., 2017 and various scientific publications) 

Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

Algae and 
aquatic 
plants 

Pseudokirchneriella 
subcapitata 

120-day 
growth 

NOEC: 1 020 PPDB 
Database3 

Lemna gibba 120-day 
growth 

NOEC: 900 

Aquatic 
invertebrates 

Lymnaea stagnalis Snail 
reproduction 

NOEC: ≥ 0.0922 
(based on parental 
survival, growth and 
reproduction) 

Giusti et al., 
2014, cited 
in 
Matthiessen 
et al., 2017 

Lymnaea stagnalis Mollusc partial 
life cycle (21 
days) 

NOEC: < 0.025 (based 
on mean cumulated 
fecundity of young 
adults) 

NOEC: 25 (based on 
cumulated fecundity of 
adult snails) 

NOEC: 250 (based on 
adult mortality) 

NOEC: ≥ 2 500 (based 
on adult fertility) 

Ducrot et al., 
(2010) cited 
in 
Matthiessen 
et al., 2017 
(Klimisch 3) 

Americamysis 
bahia 

Multigeneration 
reproduction 

NOEC: 120 (based on 
F0 sex ratio) 

Matthiessen 
et al., 2017; 
US EPA test 
method 
validation 

 

 

3 Pesticide Properties DataBase (PPDB) accessed January 2023 
http://sitem.herts.ac.uk/aeru/ppdb/en/Reports/680.htm 
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Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

Daphnia magna Reproduction NOEC: 790 (based on 
parental length, weight 
and reproduction) 

Matthiessen 
et al., 2017 

Amphiascus 
tenuiremis 

Reproduction NOEC: 100 (based on 
survival, growth and 
reproduction) 

Matthiessen 
et al., 2017, 
US EPA test 
method 
validation 

Fish Oryzias latipes FSTRA (OECD 
TG 229) 

NOEC: 189.3 (based 
on fertility and ↓ female 
VTG) 

NOEC: ≥ 606 (based 
on survival, growth, 
fecundity, male VTG, 
male and female SSC, 
gonadosomatic index 
[GSI], gonadal 
histology and 
hepatosomatic index 
[HSI]) 

Nakamura 
et al., 2014 

Oryzias latipes FSTRA (OECD 
TG 229) 

NOEC: 137 (based on 
fertility and ↓ female 
VTG) 

NOEC: ≥ 453 (based 
on survival, growth, 
fecundity, male VTG, 
male and female SSC) 

Onishi et al., 
2021 

Pimephales 
promelas 

FSTRA (pre-
TG) 

NOEC: < 60 (based on 
fecundity and ↑ female 
growth) 

NOEC: 60 (based on ↓ 
male SSC, ↑ male GSI 
and ↑ female VTG) 

Martinović et 
al., 2008 
(Klimisch 3) 
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Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

NOEC: 255 (based on 
female gonadal 
histology [↑ atresia]) 

NOEC: ≥ 450 (based 
on survival, male 
growth, fertility, female 
SSC, male gonadal 
histology, female GSI 
and male VTG and 
testosterone) 

Pimephales 
promelas 

FSTRA (pre-
TG) 

NOEC: 178 (based on 
↓ female GSI and 
delayed gonadal 
development and ↑ 
male E2) 

NOEC: > 710 (based 
on survival, male GSI 
and gonadal histology, 
male testosterone and 
female testosterone 
and E2) 

Makynen et 
al., 2000 

Oryzias latipes RADAR 
validation with 
5 labs 

NOEC: 33.3 (2 labs), 
100 (3 labs) 

OECD, 2022 

Gasterosteus 
aculeatus 

AFSS NOEC: < 25 (based on 
↓ spiggin) 

Katsiadaki 
et al., 2006 

Gasterosteus 
aculeatus 

AFSS NOEC: 25 (based on ↓ 
spiggin) 

Jolly et al., 
2009 

Gasterosteus 
aculeatus 

AFSS IC10: 4.25 (based on ↓ 
spiggin) 

Pottinger et 
al., 2013 

Gasterosteus 
aculeatus 

AFSS NOEC: 25 (based on ↓ 
spiggin) 

OECD, 2022 
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Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

Pimephales 
promelas 

FLCTT (EPA) NOEC: 50 (based on 
F0 fecundity and 
delayed gonadal 
development and F1 
survival, ↓ F1 length 
and F1 sex ratio) 

NOEC: ≥ 150 (based 
on F0 survival, male 
and female growth, 
fecundity and sex ratio) 

Matthiessen 
et al., 2017 

Oryzias talipes MMT lifecycle 
validation 

NOEC: ≥ 360 (based 
on F1 fecundity, fertility 
and female VTG) 

Matthiessen 
et al., 2017 

Oryzias latipes MMT lifecycle 
validation 

NOEC: < 9 (based on 
F2 male secondary sex 
characteristics [SSC]) 

NOEC: ≥ 332.5 (based 
on F1 fecundity and 
fertility) 

Matthiessen 
et al., 2017 

Oryzias latipes MMT lifecycle 
validation 

NOEC: < 5 (based on 
F2 male [phenotypic] 
SSC) 

NOEC: 13 (based on 
F1 male [phenotypic] 
SSC) 

NOEC: ≥ 197 (based 
on F0 and F1 fecundity 
and fertility) 

US EPA, 
2013; 
Matthiessen 
et al., 2017 

 Oryzias latipes MEOGRT 
(OECD TG 
241) 

NOEC: < 17.3 (based 
on ↓ F1 male SSC) 

NOEC: 17.3 (based on 
F1 and F2 larvae 
survival, ↑ F0 female 

Flynn et al., 
2017 
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Trophic level Species Study type Chronic effect level 
(μg/L) 

Reference 

SSC and ↓ F2 male 
SSC) 

NOEC: 33.2 (based on 
↑ female SSC [F1]) 

NOEC: 69.5 (based on 
↑ F1 and F2 female 
weight and ↑ F2 male 
VTG) 

NOEC: 136.3 (based 
on F0 and F1 fecundity 
and fertility) 

NOEC: ≥ 253.3 (based 
on F0 and F1 adult 
survival, male weight 
and length, male and 
female gonadal 
histology, hatching 
success, F1 sex ratio, 
F1 and F2 female VTG 
and F1 male VTG) 
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Appendix K Adverse outcome pathways  
Adverse Outcome Pathways (AOPs) provide a framework to describe the likely 
toxicological consequence of a biochemical interaction based on a known mode of action 
(MoA) (Ankley et al., 2020). The AOP usually starts with a molecular initiating event (MiE) 
(for example interaction with a steroid receptor) and then progresses through a number of 
key events, usually at higher levels of biological organisation, culminating in an adverse 
outcome. The adverse outcome would usually be an effect on a population-relevant 
endpoint (e.g. development or reproduction). AOPs can be used to organise available data 
to allow the determination of a biologically plausible link between an endocrine MoA and 
an adverse effect in an intact organism, population or sub-population. 

AOPs for effects in fish are available for some EAS MoAs, for example aromatase 
inhibition, oestrogen receptor (ER) antagonism, and androgen receptor (AR) agonism 
(Ankley et al., 2020; Ankley et al., 2023). These mechanisms of action have different MiEs 
but would be expected to lead to the same adverse outcomes (reduced fecundity in female 
fish and skewed male sex ratio). The AOPs for these ED mechanisms of action are given 
in Figure 12 and Figure 13 adapted from Ankley et al. (2020) and Ankley et al. (2023). 

  
Note: VTG = vitellogenin, an egg yolk protein 

Figure 12 Common elements of the AOP for AR agonism, ER antagonism and 
aromatase inhibition in reproductively active female fish adapted from Ankley et al. 
(2020) 

 

 
Figure 13 Common elements of the AOPs for AR agonism, and aromatase inhibition 
in juvenile fish adapted from Ankley et al. (2023) 

These AOPs demonstrate that outcomes differ depending on sex and life stage. 

The key events for AOPs relating to ER agonism in fish are less well defined (Figure 14) 
but there are clear effects on the male, based on induction of vitellogenin (VTG) and 
feminisation. ER agonism also affects outcomes in the female leading to reduced 
reproduction (Morshead et al., 2023). As most studies co-expose males and females it can 
be unclear whether effects on reproduction are due to effects via the male or direct effects 
on the female (Morshead et al., 2023). 
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Note: VTG = vitellogenin, an egg yolk protein 

Figure 14 Generalised AOP for ER agonism in fish adapted from Ankley et al. (2010) 
 



 

 

List of abbreviations 
AC50  Concentration at 50% of maximum activity 

ADME  Adsorption, Distribution, Metabolism, and Elimination 

AF  Assessment Factor 

AfA  Applications for Authorisation 

AFSS  Androgenised female stickleback screen 

AICc  Akaike’s Information Criterion corrected for sample size 

AMA  Amphibian Metamorphosis Assay 

AOP  Adverse Outcome Pathway 

AR  Androgen Receptor 

AUC  Area under the curve 

3-BC  3-Benzylidene camphor 

CRED  Criteria for Reporting and evaluating Ecotoxicity Data 

DEHP  Bis(2-ethylhexyl) phthalate 

DIO  Iodothyronine deiodinase 

dpf  days post fertilization 

op’DDT  Dichlorodiphenyltrichloroethane 

EA  Environment Agency 

EAS  Oestrogen, Androgen and Steroidogenesis 

EC  European Commission 

EC10  The test concentration at which there is a 10% effect 

ECHA  European Chemicals Agency 

ED  Endocrine Disrupter or Endocrine Disrupting 

EE2  17α-ethinyloestradiol 
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EFSA  European Food Safety Authority 

ETNC  Environmental Threshold of No Concern 

ER  Oestrogen receptor 

EQS  Environmental Quality Standard 

EU DAR European Union Draft Assessment Report 

FELS  Fish Early Life Stage  

FLCTT Fish Life Cycle Toxicity Test 

FSDT  Fish Sexual Development Test 

FSTRA Fish Short-Term Reproduction Assay 

GLP  Good Laboratory Practice 

GSI  Gonadosomatic Index 

HC5  The hazardous concentrations affecting 95% of species 

HLL  Hind Limb Length 

HSI  Hepatosomatic Index 

HSE  Health and Safety Executive 

IUCLID International Uniform ChemicaL Information Database 

JRC  Joint Research Centre 

LADGA Larval Amphibian Growth and Development Assay 

lnorm  Log normal 

llogis  Log logistic distribution 

LOEC  Lowest Observed Effect Concentration 

MEOGRT Medaka Extended One Generation Test  

MIE  Molecular Initiating Event 

MoA  Mechanism of Action 

MMT  Medaka Multigeneration Test 

NMDR Non Monotonic Dose Response 
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NOEC  No Observed Effect Concentration 

NP  Nonylphenol 

NPEO  Nonylphenol ethoxylate 

OECD  Organisation for Economic Co-operation and Development 

OP  Octylphenol 

PNEC  Predicted No Effect Concentration 

PPAR  Peroxisome proliferator-activated receptor 

PPDB  Pesticide Properties DataBase 

RADAR Rapid Androgen Disruption Activity Reporter 

REACH Registration, Evaluation, Authorisation and Restriction of Chemicals 

RXR  Retinoid X receptor 

SETAC Society of Environmental Toxicology and Chemistry 

SSD  Species Sensitivity Distribution 

SSC  Secondary Sex Characteristics 

SVHC  Substance of Very High Concern 

SVL  Snout Vent Length 

TBT  Tributyl tin 

TPO  Thyroperoxidase 

TR  Thyroid receptor 

TRHR  Thyrotropin-releasing hormone receptor 

TSHR  Thyroid-stimulating hormone receptor  

UBA  German Federal Environment Agency 

US EPA United States Environmental Protection Agency 

VTG  Vitellogenin 
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Would you like to find out more about us or 
your environment? 
Then call us on 

03708 506 506 (Monday to Friday, 8am to 6pm) 

Email: enquiries@environment-agency.gov.uk 

Or visit our website 

www.gov.uk/environment-agency 

incident hotline  
0800 807060 (24 hours) 

floodline  
0345 988 1188 (24 hours) 

Find out about call charges (https://www.gov.uk/call-charges) 

Environment first 

Are you viewing this onscreen? Please consider the environment and only print if 
absolutely necessary. If you are reading a paper copy, please don’t forget to reuse and 
recycle. 

mailto:enquiries@environment-agency.gov.uk
https://www.gov.uk/environment-agency
https://www.gov.uk/environment-agency
https://www.gov.uk/call-charges
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