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FOREWORD 

This document describes the design and results of the two phases of the validation effort for the EASZY 

assay, an assay for the detection of Endocrine Active Substances, acting through estrogen receptors, 

using transgenic cyp19a1b-GFP Zebrafish embrYos (EASZY), adopted and published in 2021 as 

OECD Test Guideline 250. The EASZY assay is a mechanism-based in vivo screening assay in which 

transgenic tg(cyp19a1b:GFP) Zebrafish embryos are exposed for 96 hours during the embryonic stages 

of development and the expression of the green fluorescent protein (GFP) driven by the cyp19a1b 

promoter is induced. The project to develop this assay was led by France.  

The purpose of phase I of the validation was to determine whether the standard operating procedure 

(SOP) can be used reliably and reprodcibly across multiple laboratories. The purpose of the phase II 

validation was to generate a larger set of data to confirm the conclusions from phase I regarding the 

transferability of the assay and to set a definitive statistical protocol for the analysis of the results.  

The EASZY assay has been validated through an international effort via the OECD and the Validation 

Management Group for Ecotoxicity (VMG-Eco) assisted the validation exercise to develop the XETA by 

evaluating the validation proposals as well as the validation exercise results. 

The Working Party of the National Coordinators of the Test Guidelines Programme endorsed the 

validation report at its 33rd meeting in April 2021. This report is published under the responsibility of the 

Chemicals and Biotechnology Committee. 
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This document compiles the results of the inter-laboratory study conducted between 2014 and 

2018 which aimed at validating the OECD standardized in vivo assay on transgenic tg 

(cyp19a1b:GFP) zebrafish embryos to detect endocrine active substances that have the 

potential to act as estrogens and to induce the expression of GFP driven by the estrogen 

receptors-regulated cyp19ab zebrafish promoter (EASZY assay).  

The validation of the EASZY assay was organized in two consecutives validation phases.  

The aims of the phase 1 validation were i) to evaluate the transferability of the transgenic model 

and the test method into different European laboratories ii) to experimentally report the 

capacity of the laboratories to identify active and inactive chemicals in different laboratories, 

to improve the on standard operating protocol (SOP) and to document the intra and inter-assay 

variability by measuring the estrogenic activity of selected ligands. In phase 1, seven test 

chemicals were selected: 17α-ethinylestradiol, 17β-estradiol, 4-tert-octylphenol, bisphenol A 

as ER agonist; testosterone as aromatizable androgen; spironolactone and dexamethasone as 

inactive chemicals.  

The phase 2 validation was established to i) gain further information on the capacity of the 

EASZY assay to produce reliable and accurate data about the estrogenic activity of tested 

substances notably by experimentally assessing the possibility of false-positive and false-

negative outcomes generated when testing a set of eleven active and inactive test chemicals 

under blindly conditions ii) characterize the concentration-effect relationships iii) take into 

account chemically measured concentrations of selected substances. The eleven test chemicals 

selected for the phase 2 validation were: 2,4-dihydroxybenzohenone, bisphenol S, bisphenol F, 

levonorgestrel, norethindrone, dihydrotestosterone, 17β-trenbolone as active chemicals; 

diclofenac, triclosan, benzophenone and 11-ketotestosterone as inactive chemicals.  

The progress of the results of the phase 1 and phase 2 validation studies were presented at the 

occasion of various VMG-Eco meetings between 2014 and 2018. Based on the data collected 

and discussions with VMG-Eco experts, the standard operating protocol, the validity and 

acceptability criteria were improved and several refinements of the test design protocol and 

experimental procedure were adopted as well as improvement of the biological model by 

establishing a homozygote transgenic line which was not available at the initiation of the 

validation study.  

 

  

1 General Introduction  
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II.1. Principle of EASZY 

EASZY is an in vivo mechanism-based assay that uses transgenic zebrafish 

tg(cyp19a1b:GFP)embryos expressing GFP under the control of the zebrafish cyp19a1b 

promoter (see Figure 1). The cyp19a1b gene codes for the P450 brain aromatase B, the enzyme 

responsible for the biosynthesis of estrogens. The transgenic tg(cyp19a1b:GFP) zebrafish line 

was developed and characterized by Tong et al., (2009). In this model, green fluorescent protein 

(GFP) expression is controlled by 3.4kb of the zebrafish cyp19a1b proximal promoter followed 

by the first exon, the first intron and the beginning of the second exon comprising the natural 

translation start site (see Figure 1 for the genetic construction).   

  

 

Figure 1 : Diagram showing the cyp19a1b: GFP construct that was used to produce transgenic 
founders. The construct contains 3,424 bp of the 5’ flanking region, 54 bp of exon I 
(untranslated), 1,698 bp of intron I, and 20 bp of untranslated exon II followed by the natural 
translation start site. The GFP gene with the SV40 polyA sequence (poly A) was fused to the first 
10 amino acids of CYP19A1B with a 9-aa linker (from Tong et al., 2009).   

In the EASZY assay, newly fertilized zebrafish eggs are exposed to test substance for 96 hours 

with a total renewal of the medium each day. At the end of the experiment, the fluorescence of 

each fish is acquired using a fluorescence microscope. The intensity of fluorescence is then 

quantified using image analysis software. The data (expressed as fold induction above control) 

are analyzed to determine the estrogenic activity of chemical. Effective concentrations (ECx) 

can be derive derived.   

2 Detection of Endocrine Active 

Substance, acting through estrogen 

receptors, using transgenic 

cyp19a1bGFP Zebrafish embrYos 

(EASZY)   
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II.2. Main characteristics and outcomes of EASZY  

EASZY assay   

(1) Provides mechanistic information regarding the capacity of chemicals to activate the 

ER-signaling pathway in vivo in radial glial cells in the developing brain of fish, while 

considering the biodisponibility and pharmacodynamics of test chemicals.   

(2) Allows the quantification of the estrogenic activity of chemicals through the 

measurement of GFP that faithfully mimics the expression of the ER regulated cyp19a1b gene. 

Because the skull of early developmental stages of zebrafish is transparent, GFP is observed, 

imaged and quantified in vivo without sacrificing the fish. In vivo imaging of transgenic 

tg(cyp19a1b:GFP)zebrafish embryos is achieved using a fluorescence microscope equipped 

with a fluorescence camera. Concentration-response curves can be modeled to derive effective 

concentrations (ECx) (e.g., EC10, EC20, EC50).   

(3) Is a rapid and cost-effective in vivo embryo fish screening assay for estrogenic activity 

of chemicals.   

(4) Is the only assay providing information on the capacity of substances to target RGCs in 

the developing brain. Since RGCs act as stem cells giving birth to new neurons in vertebrates, 

the data provided by EASZY are unique.  

II.3. Compounds detected in EASZY assay  

A panel of natural and synthetics hormones as well as chemicals belonging to various chemical 

families have been tested for their capacity to affect GFP in the transgenic tg(cyp19a1b:GFP) 

embryo model (Brion et al., 2012, Cano-Nicolau et al., 2016, Le Fol et al., 2017a, Neale et al., 

2017, Serra et al., 2018) 

Based on these studies, the following conclusions can be made  

In EASZY, GFP is induced in a ER-specific manner by:  

 Compounds that bind directly to estrogen receptors as agonists. The assay detects and 

distinguishes ER agonist compounds from the strong (e.g., natural and synthetic estrogens) 

to the weak ER agonist compounds (e.g., alkylphenolics compounds, bisphenols). 

 Compounds that need to be bio-transformed prior to elicit an induction of GFP. Among 

them, different categories can be distinguished.  

Metabolism of the parent compound into estrogenic metabolites. An important feature of 

the EASZY assay relies on the metabolic capacity of the zebrafish embryo. There exist 

evidences showing that zebrafish embryos have biotransformation capacities catalyzing both 

Phase I and Phase II enzymatic reactions (Goldstone et al., 2010). Recently, the metabolic 

profiles of two estrogenic compounds BP2 and BPS have been characterized in 4-day zebrafish 

and compared to adult fish demonstrating the metabolic competence of the zebrafish embryos 

with no major qualitative difference between 4-day zebrafish and adults (Le Fol et al., 2017b).   

Several compounds that require metabolic activation into estrogenic metabolites have been 

shown to induce GFP in an ER-dependent manner. This was exemplified by methoxychlor 

whose estrogenic activity is due to estrogenic metabolites such as 2,2-bis(p-hydroxyphenyl)-

1,1,1-trichloroethane HPTE. Furthermore, several 19 nortestosterone synthetic progestins have 

been shown to induced GFP in ER-dependent manner in the developing brain of zebrafish 
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(Cano-Nicolau et al., 2016). While the metabolic profiles are not known in the zebrafish model, 

these compounds are known to be biotransformed into estrogenic derivatives in mammals.   

Aromatizable androgens: aromatizable androgens such as testosterone and 

methyltestosterone have been shown to induce GFP. This androgenic regulation of the 

cyp19a1b is strictly mediated through ER and does not involve neither androgen receptor (AR) 

nor androgen response element (Mouriec et al., 2009) but is due to aromatization of testosterone 

and methyltestosterone into estradiol and methyltestradiol respectively.   

Non Aromatizable androgens: in EASZY several non aromatizable androgens can induce 

GFP in an ER-dependent manner. It is the case of dihydrotestosterone (DHT), 17β-trenbolone 

and metribolone. DHT effect likely involves conversion into 5 α-androstane-3β,17β-diol, a 

metabolite of DHT with known estrogenic activity. Conversion of DHT into alpha-androstane-

3β,17βdiol requires 5α reductase and 3β hydroxysteroid dehydorgenase, both of which are 

expressed in the developing brain of fish.  

For 17β-trenbolone, its estrogenic activity likely reflects its capacity to bind to and activate ER 

at high concentrations. Indeed, in several in silico and in vitro ER transactivation assays, 17β-

trenbolone has been identified as positive substance (Brown et al., 2015, OECD 455). 

Furthermore, in vivo, in rat, 17β-trenbolone has been shown to act at the brain level to alter 

expressions of proteins through both AR and ER-mediated process (Fucui Ma & Daicheng Liu, 

2015). 

In EASZY, anti-estrogenic activity of chemicals can be detected. 

The estrogen induced-GFP can be inhibited by compounds that bind to ER as antagonist (e.g., 

pure antagonist of ER ICI 182-780) or by compounds that negatively interfere with the ER-

signaling pathway (e.g., negative cross-talk between TCDD-induced AhR signaling pathway 

with the estrogen-induced GFP expression). Both ICI 182-780 and TCDD alone have no effect 

on the basal fluorescence driven by the cyp19a1b promoter while co-exposure of embryos to 

estrogen with ICI 182-780 and TCDD lead to an inhibition of the estrogen induced GFP 

revealing their anti-estrogenic activity. 

 

The Figure 2 summarizes the different categories of substances that alter fluorescence in 

transgenic tg(cyp19a1b:GFP) and their mode of action.   

 

https://pubmed.ncbi.nlm.nih.gov/?term=Ma+F&cauthor_id=25461682
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+D&cauthor_id=25461682
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Figure 2 : Different categories of substances can modulate either positively or negatively 

the transcriptional activity of the zebrafish cyp19a1b promoter by interacting with ERs 

and/ or the ER signaling pathway leading to induction GFP or inhibition of the E2- 

induced fluorescence in transgenic embryos (from Brion et al., 2012) 

 

II.4. Potential compounds not detected by EASZY  

• In EASZY, compounds that do not bind to and activate ER, either directly or indirectly 

(i.e., after metabolic transformation), are not detected.   

• Potentially, estrogenic compounds that are rapidly metabolized and excreted into 

inactive metabolites could result in a lack of GFP induction (no current example)   

• Estrogenic compounds that could not reach their molecular targets within the brain 

could lead to a negative result (no current example).  

  

III. Objectives and organization of the validation study  

  

The objectives of the Phase 1 study are   

  

i) to assess the transferability of the transgenic line and the test method into the 

participating laboratories   

ii) to experimentally establish the relevance, the reliability of the EASZY assay by 

documenting the intra and inter-laboratory reproducibility based on standard 

operating protocol and to document its accuracy (sensitivity and specificity) by 
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evaluating the estrogenic activity of selected ligands ( 

iii) Table 1).    

 

Table 1. List of selected chemicals for phase 1 validation  

Name   CAS number  Categories  Expected response in 

EASZY  

17α ethynilestradiol  57-63-6 Agonist ligand of ER  POS  

17β-estradiol  50-28-2 Agonist ligand of ER  POS  

4-tert-octylphenol  140-66-9 Agonist ligand of ER  POS  

Bisphenol A  80-05-7 Agonist ligand of ER  POS  

Testosterone  58-22-0 Aromatizable androgen  POS  

Spironolactone  52-01-7 Antagonist ligand of MR  NEG  

Dexamethasone  50-02-2 Agonist ligand of GR  NEG  

The selected compounds include two strong reference estrogens (17α ethynilestradiol, 17β-

estradiol); Bisphenol A and 4-tert-octylphenol selected for their estrogenic potencies two to 

five orders of magnitude lower than reference estrogens; Testosterone selected as a 

representative substance leading to estrogenic effect after biotransformation (aromatization); 

spironolactone (mineralocorticoid) and dexamethasone (glucocorticoid) selected as synthetic 

steroidal compounds being inactive in the EASZY assay.   

After approval of the study design by WMG ECO (October 2013), the reference laboratory was 

in charge of sending the transgenic line (adults and embryos) to the participating laboratories.   

The reference laboratory was also in charge of   

i) purchasing and distributing the organic solvent (DMSO) and chemicals to each 

laboratory   

ii) transferring the test protocol to expose the fish, to analyze fluorescent images   

iii) collecting and analyzing the results   iv)  writing the report.     

In addition to the reference laboratory (LAB A), three different laboratories from France, UK, 

Germany were involved at the initiation of the validation study. A fourth laboratory was 

involved later in the phase 1 (from 2016) and realized the EASZY assays for the phase 1 from 

2016 to June 2017.  

All the laboratories have the necessary equipments and skills for (zebra)fish husbandry and are 

all equipped with fluorescent microscopes.   

They received the transgenic line from LAB A. No specific difficulties have been met regarding 

transferability and rearing the strain in these. They were trained to perform the EASZY and to 

analyze the fluorescent images.   
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Among the laboratories, two of them successfully tested at least one reference substance (E2 

and /or EE2). The results of these assays were satisfactoriness as these laboratories were both 

able to measure an estrogenic activity. Unfortunately, these two laboratories were not able to 

perform additional assays to test the whole set of ligands. Therefore, only the data from 

laboratories having tested all the selected ligands (table 1) are reported herein.   

 

LAB A, LAB B and LAB C are equipped with different microscope apparatus. The Table 2 

lists the main characteristics of the microscope used by these laboratories to analyze the 

fluorescence of the fish.   

 

Table 2 : Main characteristics of the fluorescent microscopes used by the participating 

laboratories in the phase 1 of the validation study. 

   LAB A  LAB B  LAB C  

 

microscope  Upright AxioImager Z1 

(Zeiss)  
Upright AxioImager Z1 

(Zeiss)  
Upright BX41 (Olympus)  

objective  x10 PlanNeofluar  x10 PlanNeofluar  x10 UPlan FL N  

camera  MRm High Resolution 

Fluorescence camera  
MRm High Resolution 

Fluorescence camera  
monochrome DMK 

31AU03  

light source  HBO lamp  HBO lamp  LED XCite Series 120Q  

filter  GFP  GFP  GFP  
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III. 1. Quantification of GFP using a unique set of images  

At first, it was asked to each laboratory to analyze a unique set of fluorescent images using the 

ImageJ macro developed to quantify GFP. The whole-set of images was acquired by the 

reference laboratory.   

The images represented varying levels of expression of GFP in the brain of fish from control 

to zebrafish exposed to increasing concentrations of EE2. In order to analyze the images, the 

Image J macro was distributed to each participating laboratory with a specific document 

explaining how to install, to run and to report the data.   

The Figure 3 illustrates the results obtained regarding the quantification of GFP I, individual 

fish. A total of n=103 fluorescent images were analyzed and analyzed according to the 

concentration of exposure to EE2.    

 

Figure 3: A unique set of fluorescent images generated by the reference laboratory (Lab 

A) was analyzed by each laboratory using the ImageJ macro developed to quantify 

fluorescence in the brain of zebrafish. EE2 concentrations were from 0.0015 nM to 0.2nM 

(0.44 ng/L to 59.8 ng/L) 

Based on these data, it is concluded that each laboratory could use and run the Image J macro 

in a correct manner allowing a perfect quantification of GFP from individuals expressing 

varying levels of GFP.  

3 Results of the phase 1 
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III.2.  Results of the EASZY assays  

III.2.1. Control groups 

- Positive control:   

A positive control should be performed in each experiment to ensure that the batch of embryos 

used for an assay are able to respond to an estrogenic stimulation. For that purpose, a group of 

zebrafish embryos are exposed to a single concentration of EE2 0.05 nM (EE2 =14.8 ng/L).   

The Figure 4 illustrates the effect of a single concentration of EE2 used as positive controls on 

GFP expression. Its shows that EE2 at a concentration of 0.05 nM (14.8 ng/L) led to a 

significant induction in all the assays performed by the 3 laboratories.   

For Lab A, the mean fold of induction varied from 9.1 ± 3.5 (assay number 5) to 32.9± 9.4 

(assay number 6) with a mean fold induction across assays of 21 ± 9 in agreement with 

previously collected data collected by this laboratory.    

For LAB B, the mean fold of induction varied from 7.7 ± 3.4 (assay number 7) to 15.4± 1 

(assay number 4) with a mean fold induction across assays of 10.9 ± 2.9   
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Figure 4: EE2 0.05 nM used as a positive control significantly inducted GFP as compared 

to the solvent groups in each assay conducted by the participating laboratories (data are 

mean ± SD).   

For LAB C, the mean fold of induction varied from 9.9 ± 2.6 (assay number 1) to 29.6± 8 

(assay number 4) with a mean fold induction across assays of 18.9 ± 8.3.   

Overall, EE2 0.05 nM (14.8 ng/L) was efficient in significantly inducing GFP as compared to 

the solvent groups in all the assays conducted. The intensity of the effect mediated by EE2 at 

this concentration varied across assays. This can be attributed to the basal level of expression 

of GFP in non-exposed fish that varied from a batch to another. The effect of EE2 0.05 nM 
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(14.8 ng/L) on GFP induction measured by Lab C was also lower as compared to Lab A and 

C.   

Based on this data, it can be preconized to perform a positive control (EE2 at 0.05nM or 14.8 

ng/L). The positive control should lead to a mean fold induction higher or equal to 9 as 

compared to solvent control to validate the assay.  

- Solvent versus water control.   

A solvent control is performed if a solvent is required to dissolve the test substance. In that 

case, the effect of the solvent must be checked prior to run the test to ensure that it does not 

significantly alter GFP. Several organic solvents have been tested and among them none alter 

GFP as compared to water control within the concentration range tested (up to 1%) (Brion et 

al., 2012). Dimethylsulfoxide (DMSO) is usually employed at 0.01% (V:V) which is in 

compliance with OECD recommendation to limit the use of solvent to a maximum 

concentration of  0.01%.   

The Figure 5 reports the GFP expression measured in solvent (DMSO) and water control 

groups across assays performed in the different laboratories. In all assay performed no 

significant difference was noticed between solvent (DMSO) and water control groups thereby 

confirming the absence of solvent effect on GFP expression.  

 

 

Figure 5 : Relative GFP expression between solvent (DMSO) and water control groups. 

No difference was noticed confirming the absence of effect of this solvent on GFP 

expression under the experimental conditions preconized.   
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III.2.2. Effect of various selected ligands in the EASZY assay 

Each laboratory tested the selected ligands (see  

Table 1) in at least two independent experiments. The fluorescence intensities measured in the 

brain of 4-dpf zebrafish were expressed as as fold induction above solvent control. Data were 

then modeled using the Regtox 7.0.6 Microsoft Excel TM macro 

(http://www.normalesup.org/~vindimian/fr_index.html), which uses the Hill equation model 

and allows calculation of EC50. For a given chemical, EC50 was defined as the concentration 

inducing 50% of its maximal effect.  
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III.2.2.1. 17α-ethinylestradiol EE2)  

The  

Figure 6 illustrates typical concentration-responses curves obtained with EE2 in the different 

laboratories. Each table on the right of the modeled curves reports the Hill parameters and the 

ECx concentrations (expressed in nM and ng/L).   

 

 

 

Figure 6 : Example of concentration-response curves obtained in EASZY for EE2 in LAB 

A, B and C. Each point represents the GFP expression measured in the brain of individual 

(expressed as fold GFP induction above solvent group). Data were modelled using the Hill 
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model. The tables on the right of modelized curves report the Hill parameters and the 

ECx (expressed in nM) derived.   

 

The Table 3 summarizes the EC50 for EE2 measured for each assay realized in the different 

laboratories, the mean EC50 ± SD and the intra-laboratory coefficient of coefficient (CV 

expressed in %). For all the laboratories, EE2 induced a concentration-dependent induction of 

GFP in the brain with similar and reproducible EC50 between assays resulting in inter-assay 

CVs between 3.5% and 33%. For the LAB B, the mean EC50 is however higher than the mean 

EC50 reported for LAB A and LAB B and could be attributed to EC50 derived from assays 1 

and 2. These two assays represented the two first concentration responses experiments 

performed by this laboratory which could explain the “deviation” of the EC50 measured at the 

occasion of these experiments. Despite this, the data obtained for EE2 are very consistent 

between assays and laboratories and in agreement with previously reported values for EE2 

using EASZY (Brion et al., 2012, Cano-Nicolau et al., 2016).   

 

Table 3: EC50 expressed in nM (ng/L) derived for 17α-EE2 in LAB A, B and C 

Assays  LAB A  LAB B   LAB C  

1 0.010 (2.96) 0.028 (8.29) 0.015 (4.44) 

2  0.010 (2.96)  0.027 (8.00) 0.016 (4.74) 

3  0.013 (3.85) 0.014 (4.14) 0.016 (4.74) 

4  0.013 (3.85) 0.017 (5.03)   

5  0.010 (2.96)   

  

  

  

6  0.019 (5.63)   

7  0.010 (2.96)   

8  0.011 (3.26)     

9  0.008 (2.37)    

10  0.018 (5.33)     

Mean EC50  0.012 (3.62) 0.021 (6.37) 0.016 (4.64) 

SD  0.004 (1.08) 0.007 (2.9 0.001 (0.17) 

CV inter-assay%  30.70  32.29  3.48  
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III.2.2.2. 17β-estradiol (17β-E2)  

In a similar way in EE2, E2 induced GFP in a concentration dependent manner (Figure 7) with 

comparable EC50 (Table 4) among assays and laboratories. As previously reported in Brion et 

al., 2012 the estrogenic activity of E2 is less pronounced than that of EE2, the relative 

estrogenic potency of EE2 being 100fold higher than that E2.     

 

Figure 7: Example of concentration-response curves obtained in EASZY for E2 in LAB 

A, B and C 

 

Table 4: EC50 expressed in nM  (ng/L) derived for 17β-E2 in LAB A, B and C 

Assays  LAB A  LAB B   LAB C  

1  2.87 (781.7) 1.74 (473.9) 2.80 (762.7) 

2  1.94 (528.4) 2.11 (574.7) 1.36 (37 5.9) 

3 1.47 (400.4) 2.69 (732.7)  

4  2.05 (558.4) 1.11 (302.3)    

5  1.55 (422.2)       

Mean EC50  1.98 (538.2) 1.91 (520.9) 2.08 (569.3) 

SD 0.56 (151.9) 0.66 (180.5) 1.02 (273.5) 

CV inter-assay%  28.10  34.61  49.18  
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III.2.2.3. Bisphenol A (BPA)  

The data collected for BPA are reported in the Table 5.  

 

Table 5: EC50 expressed in µM (and µg/L) derived for BPA in LAB A, B and C 

Assays  LAB A  LAB B   LAB C  

1  3.7 (845) 5.1 (1164) 

2.6 (594) 

3.6 (822) 

2  4.3 (982) 3.6 (822) 

3  4.53 (982) 3.3 (753) 2.5 (571) 

4  4.5  

(1027) 

3.5 (799)    

Mean EC50 4.25 (958) 3.61 (827) 3.22 (738) 

SD 0.37 (79) 1.09 (241) 0.65 (145) 

In each assay, BPA induced a full concentration-response curve (Figure 8) with a mean EC50 

reported by the three laboratories varying between 3.2µM (738µg/L) and 4.25µM (958µg/L). 

The inter-assays coefficients of variation within each laboratory were also satisfactory (CV < 

30%).    
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Figure 8: Example of concentration-response curves obtained in EASZY for BPA in LAB 

A, B and C. Data points represent the GFP expression measured in individuals (expressed 

as fold GFP induction above solvent group). 
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III.2.2.4. 4-ter-Octylphenol  

The data collected for4-ter-Octyphenol are reported in the Table 6. In each assay, 4-ter-

Octyphenol induced a full concentration-response curve (Figure 9) with a mean EC50 reported 

by the three laboratories varying between 0.2µM (41.8 µg/L) and 0.29µM (60.5µg/L). The 

inter-assays coefficients of variation within each laboratory were also satisfactory.   

Table 6:  EC50 expressed in µM (µg/L) derived for 4-ter-Octylphenol in LAB A, LAB B and LAB C  

Assays  LAB A  LAB B   LAB C  

1  0.44 (90.8) 0.18 (37.1) 0.22 (45.4) 

2  0.24 (49.5) 0.24 (49.5) 0.36 (74.3) 

3 0.20 (41.3) 0.18 (37.1) 0.24 (49.5) 

4     0.21 (43.3)    

Mean EC50  0.29 (60.5) 0.20 (41.8) 0.27 (56.4) 

SD 0.13 (26.5) 0.03 (5.9) 0.07 (15.6) 

CV inter-assay%  44.07  14.26  27.17  
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Figure 9 : Typical concentration-response curves obtained in EASZY for 4-

terOctylphenol in LAB A, B and C 

III.2.2.5. Testosterone  

Among the selected ligands, the amortizable androgen testosterone was selected as it has been 

shown to induce the brain aromatase in an ER-dependent manner (Mouriec et al., 2009). The 

results obtained in the three laboratories confirmed the capacity of testosterone to induce GFP 

in a concentration dependent manner with full concentration-response curves obtained in all 

the laboratories (Figure 10) with similar EC50 values (Table 7)  

Table 7 : EC50 expressed in µM derived for Testosterone in LAB A, B and C 

Assays  LAB A  LAB B   LAB C  

1  0.90 (259.6) 0.51 (147.1) 0.92 (265.3) 

2 0.61 (175.9) 0.47 (135.6) 1.35 (389.4) 

3 0.46 (132.7) 0.21 (60.6)  

Mean EC50 0.66 (189.4) 0.49 (114.4) 1.14 (327.4)  

SD 0.22 (64.5) 0.03 (47) 0.30 (87.7) 

CV inter-assay%  34.06  5.77  26.79  
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Figure 10 : Example of concentration-response curves obtained in EASZY for 4ter-

Octylphenol in LAB A, B and C. Each point represents the GFP expression measured in 

the brain of individual (expressed as fold GFP induction above solvent group). Data were 

modelled using the Hill model. The tables on the right of modelized curves report the Hill 

parameters and the ECx (expressed in nM) derived. 

 

III.2.2.6. Spironolactone and dexamethasone   

Spironolactone and dexamethasone, two synthetic ligands of the mineralocorticoid and 

glucocorticoid receptor respectively, were unable to induce an effect in EASZY as revealed by 

the lack of GFP induction (Figure 11 and Figure 12 respectively) at the concentrations tested 

ranging from 10µM to 0.12µM, i.e. from 4166 µg/L to 50 µg/L for spironolactone and 

3925µg/L to 35 µg/L for dexamethasone. 

In one assay performed by LAB B, the mean measured fluorescent intensity in zebrafish 

exposed to dexamethasone 1µM was significantly higher than that of solvent control group 

(Figure 12C).  However, this effect was not reproduced by the LAB B (Figure 12D).   
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Figure 11 Effect of spironolactone (µM) on GFP expression in EASZY 
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Figure 12: Effect of Dexamethasone (µM), a cortisol analogue, on GFP expression in EASZY 

III. 3. Conclusions of the phase 1 validation and Perspectives.   

During the phase 1 of the validation of EASZY the transfer of the transgenic tg(cyp19a1b:GFP) 

line and the EASZY method into different laboratories was successfully realized.   

After a training period, the participating laboratories assessed the biological activity of a set of 

seven substances in the EASZY assay including steroidal estrogens used as reference 

compounds (EE2, E2), one bisphenol (BPA), one alkylphenolic compound (4-ter-OP), one 

aromatizable androgen (testosterone) as well as two negative substances (spironolactone and 

dexamethasone). All the substances were tested according to the description of the test methods 

provided to the laboratories.   

The description of the test method was enough clear and informative to allow the laboratories 

to perform the EASZY without modifying the protocol. However, the LAB C decided to 

anesthetize the 4-dpf zebrafish prior to measure the fluorescence. The possibility to anesthetize 

the fish was therefore added in the description of the operating protocol. Furthermore, the LAB 

C used eggs collected from different spawns obtained by pair-crossing adult fish rather than 

mass-spawning.    

Based on the data reported herein, the following conclusions can be made:   

- all the laboratories were able detect and to quantify the estrogenic activity of the 

estrogenic ligands (EE2, E2, BPA, OP) and the aromatizable androgen, testosterone.   
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- the negative substances, Dexamethasone and Spironolactone were unable to produce 

any significant effect, albeit Dexamethasone 1µM significantly induced GFP in one 

assay.   

- The active substances in EASZY induced GFP in a concentration dependent manner. 

The estrogenic activity of the active substances was similar among the laboratories 

resulting in an identical ranking of the estrogenic activity of the tested substances: 

EE2>> E2>> OP>testosterone>BPA.   

- The EC50 derived were consistent between assays performed within a laboratory and 

between laboratories demonstrating that the data obtained with EASZY are 

reproducible within and between the laboratories.  

Overall, the results from the phase 1 helped to strengthen the methodology of the EASZY assay 

and to define validity criteria.   

During the next phase of the validation, three different laboratories will be involved among 

which two already participated to Phase 1 (LAB A and LAB C). An additional laboratory (LAB 

D) expressed the wish to participate in the phase  

2. The transferability of the biological material into LAB D has been realized in 2017 and the 

persons in charge of realizing the EASZY assay have been trained by LAB A.   
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IV.1. Introduction phase 2 

During the phase 1 of the validation of the EASZY assay, the transfer of the transgenic 

tg(cyp19a1b:GFP) line and the EASZY method into different laboratories was successfully 

realized. Based on the standard operating protocol (SOP), the biological activity of a set of 

seven substances in the EASZY assay was assessed. It included two steroidal estrogens (EE2, 

E2), one bisphenol (BPA), one alkylphenolic compound (4-ter-OP), one aromatizable 

androgen (testosterone) as well as two negative substances (spironolactone and 

dexamethasone). The results obtained in the phase 1 demonstrated the transferability of the 

assay and addressed the repeatability and the reproducibility of the EASZY assay within and 

between laboratories (see -ANNEX 4 for a summary of the quantification of the estrogenic 

activity of test chemicals in phase 1 validation and the coefficient of variation within and 

between laboratories) 

All the data obtained during the phase 1 have been reported in a validation report and presented 

during the last VMG-ECO meeting held in October 2017 in Paris. The data were judged 

satisfactory and encouraging to allow the realization of the phase 2. However, some comments 

were made notably as regard to the number of test substances and the need to perform chemical 

analysis of the substance in the medium. The laboratory in charge of managing the validation 

therefore set-up the validation study from end of October 2017 to December 2017 to meet all 

the necessary criteria for an appropriate validation scheme. The phase 2 of the validation was 

thereafter conducted from January to July 2018.  

IV.2. Objectives of the phase 2 

The objectives of the phase 2 validation were i) to gain further information on the capacity of 

the EASZY assay to produce reliable and accurate data about the estrogenic activity of tested 

substances ii) to characterize the concentration-effect relationships iii) to taking into account 

chemically measured concentrations of selected substances.  

Three laboratories tested blindly the estrogenic activity of the 11 selected substances. The set 

of substances was presented at the VMG-ECO meeting in October 2017. 

4 Results of the phase 2.  
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IV.3. Selected substances for the phase 2 

The selected substances for the phase 2 are reported in the Table 8. They encompassed either 

inactive (4 test chemicals) or active (7 test chemicals) chemicals on brain aromatase cyp19a1b 

gene.  

 

Table 8: Selected substances for the phase 2 of the validation. All the substances have 

been blindly tested by three laboratories 

Substances CAS number Expected activity in EASZY 

Diclofenac 15307-86-5 NEG 

Triclosan 3380-34-5 NEG 

Benzophenone 119-61-9 NEG 

11 Ketotestosterone 564-35-2 NEG 

2,4-Dihydroxybenzophenone 131-56-6 POS 

Bisphenol S 80-09-1 POS 

Bisphenol F 620-92-8 POS 

Levonorgestrel 797-63-7 POS 

Norethindrone 68-22-4 POS 

Dihydrotestosterone 521-18-6 POS 

17β Trenbolone 10161-33-8 POS 

The active substances were selected as they are known to exhibit a suitable range of estrogenic 

activity (from the nM range to the µM range) and cover different mechanisms of action to 

induce an estrogenic response in the EASZY assay, i.e. estrogen receptor agonists and 

substances requiring metabolization/biotransformation into estrogenic metabolites prior to 

elicit an estrogenic activity.  
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IV.4. Organization of the Phase 2 

The Figure 13 illustrates the general organization of the phase 2 validation.  

 

Figure 13: General scheme of the phase 2 validation of the EASZY assay. Each 

participating laboratory in charge of realizing the EASZY assays (Lab A, Lab B, Lab C) 

tested all the selected substances blindly 

Four different laboratories were involved in the phase 2 of the validation.  

One laboratory (labelled Lab D) was in charge of purchasing, coding and sending all the 

selected substances to the three laboratories responsible for realizing the EASZY assays. The 

substances were sent under powder form, stored in smoked glass containers. Detailed 

instructions were provided by Lab D to dilute the powder in an appropriate volume of solvent 

(dimethylsulfoxide DMSO).  

A specific coding of the substances was carried out by the laboratory D so that no information 

could be exchanged between the laboratories in charge of realizing the assays (labelled Lab A, 

Lab B and Lab C). Lab D was also in charge of providing a sampling protocol to collect and 

store water samples. Appropriate vials were provided by Lab D for storing and shipping the 

water samples for subsequent chemical analysis of the substances in the medium. 

Lab A-B and C were responsible for testing blindly the substances in the EASZY assay based 

on the standard operating protocol (SOP) defined after the phase 1 of the validation. After 

realizing all the testing, the laboratories sent their data with a conclusion about the estrogenic 

activity of each substance categorized as either active (significant induction of GFP) or inactive 

(no induction of GFP). Thereafter, the lab D decoded the substance to allow their identification 

and quantified the concentrations of substances in the medium.  



36  ENV/CBC/MONO(2021)10 

REPORT OF THE VALIDATION STUDY OF THE EASZY ASSAY IN TEST GUIDELINE 250 
Unclassified 

Two out of the three laboratories were already involved in the phase 1. For the third one (Lab 

C), it was its first involvement. In late 2017, the transferability of the biological material into 

Lab C was performed and the persons in charge of realizing the EASZY assay have been trained 

by the leading laboratory (Lab A).  

IV.5. Proficiency testing (Lab C):  

Prior to testing unknown chemicals with the EASZY assay, Lab C demonstrated its proficiency 

to realize the EASZY assay. The proficiency testing was evaluated in early 2018 by measuring 

the estrogenic activity of a subset of reference substances, i.e. 17β-estradiol (N=4 independent 

assays) and 4-ter-Octyphenol (N=1 assay).  

The Lab C successfully assessed the estrogenic activity of E2 and 4-ter- Octyphenol. Each 

compound led to concentration-dependant inductions of GFP in transgenic zebrafish embryos 

(Figure 14).  

 

 

Figure 14: Example of concentration-response curves obtained by Lab C during the 

proficiency testing with (A) 17-estradiol and (B) 4-ter-octylphenol. The EC50 derived 

for 17-estradiol and 4 ter-octylphenol from these experiments were respectively 1.29 nM 

and 0.22 µM (based on nominal concentrations) 

The EC50 values obtained by Lab C during the proficiency testing are reported in the Table 9.  
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Table 9 : Results of the proficiency testing of two reference substances (E2 and 4-ter-OP) 

by Lab C. EC50are expressed in nM (ng/L) and µM (µg/L) 

reference 

substance Assay1 Assay 2 Assay 3 Assay 4 Mean SD CV (%) 

EC50 E2 nM (ng/L) 

1.97 

(536.6) 

3.19 

(868.9) 

1.53 

(416.7) 

1.29 

(351.4) 

2.0 

(543.4) 

0.8 

(230.2) 

42.3 

 

EC50 4-ter-OP µM 

(µg/L) 

0.22 

(45.4) - - - - - - 

 

The reported EC50 values agree with those previously measured notably by Lab A and Lab B 

during the phase 1 of the validation (see ANNEX 4). Indeed, the mean EC50 values ± SD and 

the intra-assay coefficient of variation (CV%) for E2 reported by the 3 participating 

laboratories during the phase 1 were 1.98 nM ± 0.56 (538 ng/L ± 152) (CV 28%), 1.91 nM ± 

0.66 (521 ng/L ± 180) (CV 34%) and 2.08 nM ± 1.02 (569 ng/L ± 273) (CV 49%) respectively. 

Furthermore, the inter-assay coefficient of variability found by Lab C for E2 was consistent 

with those previously reported for this compound as the CV inter-assay reported varied from 

28% to 49%. 

For 4-ter-octylphenol, only one assay has been conducted by lab C during the proficiency 

testing. The EC50 value for 4-ter-octylphenol (EC50=0.22 µM = 45.4 µg/L) was in perfect 

agreement with the EC50 values ± SD reported by the three participating laboratories during 

the phase 1, i.e.  0.29 µM ± 0.13 (60.5 µg/L ± 26.5), 0.20 µM ± 0.03 (41.8 µg/L ± 5.9) and 

0.27 µM ± 0.07 (56.4 µg/L ± 15.6) respectively.  

Although the proficiency testing was limited to two positive reference substances, the data 

provided by Lab C were sufficient to demonstrate its capacity in assessing the estrogenic 

activity of test substance using the EASZY assay. 

IV.6. Assessment of the biological activity of coded substances using EASZY 

IV.6.1. Compliance of the assays with the validity criteria of EASZY  

All the EASZY assays were performed from March to May 2018. For the laboratories A and 

B, the eleven substances were evaluated by performing three successive EASZY assays (n=4 

or 3 substances per assay). For laboratory C, 4 different assays were performed to test all the 

eleven substances (n=2-3 substances per assay).  

Appropriate controls were run according to the SOP, i.e. water control, solvent control (DMSO 

0.01% V/V) and positive control (EE2 at 0.05 nM, or 14.8 ng/L). The mortality was evaluated 

in all experimental groups during the time course of the experiments and reported at the end of 

each experiment (expressed as cumulative mortality).  

The compliance of the assays with the validity criteria of EASZY were checked and are 

summarized in Table 10.  
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Table 10: Compliance of the EASZY assays with the validity criteria 

Proposed criteria Fulfilment 

Fertilization rates of the eggs collected from the batches 

>70% 
100% (10/10) 

Mortality in controls (water, solvent) ≤ 20% at the end of 

the test 
90% (9/10) a 

Mean measured fold induction of GFP induced by the 

reference substance (EE2 0.05 nM) ≥ 9 as compared to 

controls 

100% (10/10) 

a For one assay (Lab B, assay # 2; Substance 4 to Substance 7), an unexpected higher mortality 

rates in the water and solvent controls (30 and 35% respectively) was reported.   

The Table 11 presents in detail the survival rate measured in controls. In almost all assays, the 

survival rates observed at the end of the experiments were comprised between 90 and 100% 

except for one assay performed in laboratory B for which an unexpected mortality rate was 

recorded in water and solvent controls. The reasons for this excessive mortality are not known 

especially as in the positive control group (EE2 0.05 nM; 14.8 ng/L) the survival rate was 

100%. 

Table 11: Survival rate (%) recorded in water and solvent control groups 

  Laboratory A Laboratory B Laboratory C 

  

Assay 

1 

Assay 

2 

Assay 

3 

Assay 

1 

Assay 

2 

Assay 

3 

Assay 

1 

Assay 

2 

Assay 

3 

Assay 

4 

Water control 90 90 95 100 65 100 100 100 100 100 

Solvent control 90 95 90 100 70 100 100 95 100 100 

 

The Table 12 reports the mean measured ± SD GFP intensity expressed as fold induction above 

solvent control group.  

In each EASZY assay, the range of mean induction levels (10.4 – 30.5) reported for the positive 

control (EE2 0.05 nM ; 14.8 ng/l) is relatively important, but was ≥ 9 as compared to control, 

fulfilling this criterion of validity. 
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Table 12: Mean GFP induction ± standard deviation (SD) measured in positive controls 

(EE2 at a nominal concentration of 0.05 nM). The survival rates (%) in the positive 

controls are also indicated. 

 Laboratory A Laboratory B Laboratory C 

 
assay 1 assay 2 assay3 assay 1 assay 2 assay 3 

assay 

1 assay 2 assay 3 assay 4 

Mean GFP 

induction 

± SD  

17.19 

±4.87 

24.05 

±8.41 

14.87 

±3.65 

30.5 

±9.03 

15.00 

±4.17 

22.32 

±8.29 

10.49 

±3.89 

10.4 

0±2.89 

16.72 

±5.4 

16.87 

±4.68 

Survival 

rate (%) 90 95 95 100 100 100 100 100 100 100 
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IV.6.2. Biological activity of the 11 substances tested in the three laboratories  

IV.6.2.1. Survival rate in zebrafish embryos  

At the end of experiments the survival rate was reported for all treatment groups  

For most of the tested substances, the survival rates varied from 80 to 100% (see ANNEX 5). 

Low survival rates were observed for some substances, but it did not reflect their intrinsic 

toxicity. For instance, lowest mortality rates were observed for 2.4 dihydroxybenzophenone in 

Lab A for two concentrations (40-65%) but the effect was not related to the concentration of 

exposure and was not found in Laboratory B and C. Similarly, the survival rates reported for 

benzophenone by the Lab B (75-85%) were higher than those found by the two other 

laboratories. GFP expression were measured in these treatment groups. 

In contrast, triclosan and diclofenac elicited acute toxicity. Based on the cumulative mortality 

at 96 hours, the lethal concentration leading to 50% of mortality (LC50) was also estimated for 

each substance (Figure 15).  

 

Figure 15: Cumulative mortality and LC50 (expressed in µM and mg/L) in transgenic 

zebrafish embryos at 96 hours for: (A-C) diclofenac and (D-F) tricolosan 

Interestingly, the toxic responses were very similar from a laboratory to another. Furthermore, 

the LC50 reported herein in transgenic zebrafish embryos for triclosan and diclofenac are in 

agreement with those previously reported for zebrafish 1.  

  

                                                
1Diclofenac EQS dossier 2011.pdf - CIRCABC 
Triclosan : Norme de Qualité environnementale Triclosan– n° CAS : 3380-34-5 INERIS 
(https://substances.ineris.fr/fr/substance/2723) 

https://circabc.europa.eu/sd/a/d88900c0-68ef-4d34-8bb1-baa9af220afd/Diclofenac%20EQS%20dossier%202011.pdf
https://circabc.europa.eu/sd/a/d88900c0-68ef-4d34-8bb1-baa9af220afd/Diclofenac%20EQS%20dossier%202011.pdf
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IV.6.2.2. GFP intensity measured in solvent and water controls 

A solvent control was performed. Dimethylsulfoxide (DMSO) was used as solvent to dissolve 

the test substances. In all treatment group the final concentration of DMSO was 0.01% (v:v). 

The Table 13 reports the mean measured GFP expression in water and solvent control groups. 

No significant difference was noticed between water and solvent groups confirming the lack 

of effect of DMSO on GFP expression. The variability measured in water and solvent controls 

is high but consistent among the different assays performed within and between laboratories. 

The variability measured in controls likely reflects the natural variation of the expression of 

the cyp19a1b gene in zebrafish embryos reported in literature as well as the method to measure 

in vivo the fluorescence. Nonetheless, due to the magnitude of the response observed in 

exposed zebrafish embryos and the number of individuals monitored, the statistical power of 

the EASZY assay is high reflecting its capacity to detect a difference between control and 

exposed groups.  

Table 13: Mean GFP intensity ± standard deviation (SD) measured in negative control 

groups. No significant difference was measured (n= number of GFP measurement per 

treatment group) 

solvent control water control positive control

Lab A 1 mean 1.00 0.89 17.19

SD 0.43 0.49 4.87

n 17 16 17

2 mean 1.00 0.71 24.05

SD 0.58 0.51 8.41

n 19 15 16

3 mean 1.00 0.97 14.87

SD 0.55 0.61 3.65

n 16 17 18

Lab B 1 mean 1.00 1.17 30.50

SD 0.72 0.69 9.03

n 20 20 20

2 mean 1.00 1.43 15.00

SD 0.67 0.87 4.17

n 14 11 15

3 mean 1.00 1.44 22.32

SD 1.08 1.12 8.29

n 20 20 20

Lab C 1 mean 1.00 0.91 10.49

SD 0.44 0.30 3.89

n 20 20 20

2 mean 1.00 0.92 10.40

SD 0.32 0.37 2.89

n 19 20 20

3 mean 1.00 1.43 16.72

SD 0.78 0.79 5.40

n 17 20 20

4 mean 1.00 1.21 16.87

SD 0.65 0.56 4.68

n 18 20 19  
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IV.6.2.3. Qualitative assessment of the estrogenic activity of the 11 substances  

At a first step, each laboratory was requested to evaluate the potential estrogenic activity of the 

test substances.  

They were categorized as either active or inactive. An active substance was defined as a 

substance inducing significantly the GFP expression as compared to solvent control while an 

inactive substance.did not significantly induce the GFP expression. 

The ANNEX 6 reports the GFP profiles obtained for the coded substances in the three 

laboratories. Based on these data, each laboratory reports the biological activity of each 

substance categorized as active or inactive (Table 14).  

There was complete agreement across the three laboratories in the experimentally determined 

biological activity of the selected compounds. . Based on these data, it can be concluded that 

the EASZY method accurately identify substances acting on the ER-regulated brain aromatase 

cyp19a1b gene without producing false positive or false negative response.  

For the substance 1 tested in Lab B (i.e., triclosan), a low but significant induction was 

measured for the lowest concentration (0.08 µM) (see ANNEX 6). The mean measured GFP 

fold induction as compared to solvent was 1.7 ± 0.8. However, given the very low induction 

measured and the absence of concentration-response relationship, the substance was not 

identified as active. During the phase 1 of the validation of EASZY, a similar observation was 

made for dexamethasone, an agonist ligand of the glucocorticoid receptor. A mean measured 

two-fold induction was observed for dexamethasone 1μM. As this effect was not reproducible, 

the substance was identified as inactive. Altogether, the data obtained with triclosan and 

dexamethasone tend to suggest that the mean measured fold induction should be higher than 2 

as compared to water or solvent control to be considered as significant from a biological point 

of view and to declare a substance as active in EASZY.  
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.  

Table 14: Biological activity of coded substances. Data were reported firstly as either 

inactive (in green) or active (in red) substance in the EASZY assay. 

 

  

Lab A Biological activity  

Assay # coded substance substance name experimental expected 

1 LabA-Sub1 Diclofenac     

1 LabA-Sub2 Triclosan     

1 LabA-Sub3 2,4-Dihydroxybenzophenone     

2 LabA-Sub4 Bisphenol S     

2 LabA-Sub5 Benzophenone     

2 LabA-Sub6 Bisphenol F     

2 LabA-Sub7 Levonorgestrel     

3 LabA-Sub8 Norethindrone     

3 LabA-Sub9 Dihydrotestosterone     

3 LabA-Sub10 17b Trenbolone     

3 LabA-Sub11 11 Ketotestosterone     

   
    

Lab B Biological activity  

Assay # coded substance substance name experimental expected 

1 LabB-Sub1 Triclosan     

1 LabB-Sub2 2,4-Dihydroxybenzophenone     

1 LabB-Sub3 Diclofenac     

2 LabB-Sub4 Benzophenone     

2 LabB-Sub5 Bisphenol F     

2 LabB-Sub6 Bisphenol S     

2 LabB-Sub7 17b Trenbolone     

3 LabB-Sub8 11 Ketotestostérone     

3 LabB-Sub9 Levonorgestrel     

3 LabB-Sub10 Norethindrone     

3 LabB-Sub11 Dihydrotestosterone     

   
    

Lab C Biological activity  

Assay # coded substance Name of substance experimental expected 

1 Lab C-Sub1 2,4-Dihydroxybenzophenone     

1 Lab C-Sub2 Diclofenac     

2 Lab C-Sub3 Triclosan     

2 Lab C-Sub4 Bisphenol F     

2 Lab C-Sub5 Bisphenol S     

3 Lab C-Sub6 Benzophenone     

3 Lab C-Sub7 11 Ketotestosterone     

3 Lab C-Sub8 17b Trenbolone     

4 Lab C-Sub9 Norethindrone     

4 Lab C-Sub10 Dihydrotestosterone     

4 Lab C-Sub11 Levonorgestrel     
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IV.6.2.4. Quantification of the estrogenic activity based on nominal concentrations of 

exposure  

All the biological data were further analysed based on the nominal concentrations of exposure. 

The concentration-response curves were modelled using the Hill equation model The Regtox 

7.0.6 Microsoft Excel TM macro was used2.  

It allows derivation of effective concentrations leading to 50% of effect (EC50). The Table 15 

summarizes the EC50 expressed in µM and in (µg/L) for all active substances in the three 

laboratories.  

Table 15: EC50 (expressed in µM and in (µg/L)) derived from the nominal concentration-

response curves for the active substances in EASZY. For each compound, one assay was 

realized in each laboratory 

  

EC50 in µM and (µg/L) based on nominal 

concentrations of exposure 

Substances Lab A Lab B Lab C 

2,4-Dihydroxybenzophenone 1.5 (321) 1.49 (319) 1.3 (278) 

Bisphenol S >60 (>15016) >60 (>15016) 23.8 (5956) 

Bisphenol F 2.04 (408) 1.97 (394) 2.07 (414) 

Levonorgestrel 0.13 (40.6) 0.38 (118.7) 0.22 (68.7) 

Norethindrone 0.007 (2.1) 0.017 (5.1) 0.012 (3.6) 

Dihydrotestosterone 1.59 (462) 0.4 (116) 0.44 (128) 

17β-Trenbolone 0.45 (122) 0.96 (260) 0.67 (181) 

 

The Table 16 summarizes the ability of the EASZY assay to rank the substances according to 

their estrogenic activity.  

  

                                                
2 http://www.normalesup.org/~vindimian/fr_index.html 

http://www.normalesup.org/~vindimian/fr_index.html
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Table 16: EC50 (expressed in µM and in (µg/L)) derived from the nominal concentration-

response curves for the active substances in EASZY. For each compound, one assay was 

realized in each laboratory 

 
Rank of substances based on their estrogenic activity 

Substances Lab A Lab B Lab C 

Norethindrone 1 1 1 

Levonorgestrel 2 2 2 

17 β-Trenbolone 3 4 4 

2,4-Dihydroxybenzophenone 4 5 5 

Dihydrotestosterone  5 3 3 

Bisphenol F 6 6 6 

Bisphenol S 7 7 7 

 

The data provided in Table 15 andTable 16 demonstrate an overall good agreement between the 

EC50 found in the three laboratories and the capacity of EASZY to rank the substances 

according to their estrogenic activities. 

However, some differences were highlighted. For instance, BPS induced only weak estrogenic 

activities in Lab A and Lab B. It precluded the possibility to derive an EC50 (EC50 >60 µM 

(EC50> 15016 µg/L) in Lab A and Lab B). In contrast, a concentration-response curve was 

observed in lab C with an estimated EC50 = 23.8 µM (EC50=5956 µg/L).  

A difference was also noticed for Dihydrotestosterone which appeared much less active in Lab 

A (EC50 = 1.59 µM; EC50 = 462 µg/L) as compared to Lab B (EC50 = 0.40 µM; EC50! 116 

µg/L) and Lab C (EC50 = 0.44 µM); EC50= 128 µg/L).  

Despite some differences were noticed about the quantification of the estrogenic activity of the 

substances, it can be concluded that the laboratory provides reliable data about the biological 

activity of the substances and their estrogenic activity.  
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IV.6.2.5. Chemical analysis of the substances in the medium.  

During the phase 2, water samples were taken in all treatment groups to analysis the substances 

in freshly prepared solutions (T0h) and immediately prior to renewal of the medium (T24h). 

All the chemical analyses have been performed by the Lab D from June to end of July 2018. 

Almost 490 samples were analysed during this period.  

The Table 17 reports the limit of detection and the analytical methods for each substance  

 

Table 17: Overview of the analytical methods and their limits of detection 

Compound Limit of detection (ng/L) Method

Diclofenac 9 HPLC system coupled to mass spectrometer

Triclosan 10 HPLC system coupled to mass spectrometer

2,4-dihydroxybenzophenone 73 HPLC system coupled to mass spectrometer

Norethindrone 26 HPLC system coupled to mass spectrometer

Levonorgestrel 97.7 HPLC system coupled to mass spectrometer

Bisphenol F 74.9  UPLC coupled to  mass spectrometer

Bisphenol S 7  UPLC coupled to  mass spectrometer

Benzophenone 167 HPLC system coupled to mass spectrometer

17b Trenbolone 21 HPLC system coupled to mass spectrometer

11 Ketotestosterone 28 HPLC system coupled to mass spectrometer

Dihydrotestosterone 184 HPLC system coupled to mass spectrometer

Ethinylestradiol 2.23 HPLC system coupled to mass spectrometer  

The chemically determined concentrations measured in freshly prepared solutions (T0h) and 

immediately prior to renewal of the medium (T24h) are reported in ANNEX 7. These data led 

to the following conclusions. 

In water and solvent controls, no contamination by any of the test substances was found.  

For most substances, a good agreement between the nominal and the measured concentrations 

was observed. This was observed in the different laboratories and there was, in general, no 

marked differences between T0 and T24. 

Some deviations between the nominal and the measured concentrations were however noticed 

for certain substances (see ANNEX 8).  

It was the case for diclofenac (Lab C), triclosan (Lab A, B and C) and benzophenone (Lab C) 

with measured concentrations, below the nominal concentrations (up to 47%).  

For bisphenol S, the measured concentrations in Lab C were consistently higher than the 

nominal concentrations (from 145 to 177% of the nominal concentrations at T0). It results in 

higher concentrations of exposure of zebrafish embryos to BPS as compared to laboratories A 

and B.  

A major difference was also noticed for dihydrotestosterone with a rapid drop of the 

concentrations measured between T0h and T24h in all treatment groups. As a result, the 

concentrations of exposure to dihydrotestosterone in laboratory A were low as compared to 

laboratories B and C.  

Overall, the chemical analysis demonstrated that the measured values were satisfactory to 

accept all the experiment. It shows that semi-static exposure system in glass crystalliser with a 
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total renewal of the water every day allow to expose the zebrafish embryos at the desired 

concentrations of test substances and avoid any contamination in the control groups indicating 

that the studies were valid for use to assess the relevance and the reliability of the data collected 

within the phase 2. 

IV.6.2.6. Quantification of the estrogenic activity based on chemically measured 

concentrations of exposure.  

Based on the chemical analysis, an estimation of the mean measured concentration of exposure 

has been extrapolated according to a method previously used for semi-static renewal system. 

The method used is based on the calculation of Time-weighted mean (ANNEX 8 of the OECD 

TG 211).  

As measurement of water concentrations were not realized before and after each renewal of the 

medium, it was assumed that the variation observed between T0 and T24h at the occasion of 

one renewal reflected the behaviour of the test substance over the duration of the assay..  

For each experiment, the mean measured concentrations of exposure was calculated (ANNEX 

8). These data were used for analysing the GFP expression as a function of chemically 

determined concentrations. 

The Figure 16 and Figure 17 represent the modelled concentration-responses curves based on 

measured concentrations.  
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Figure 16: Concentration-response curves of GFP induction in transgenic 

tg(cyp19a1b:GFP) embryos by selected substances in the three laboratories. All the 

chemically measured concentrations are expressed in µM. Each data point represents the 

GFP intensity measured in zebrafish embryos after 4 days of exposure expressed as fold 

induction above solvent control. EC50 were derived from the Hill model. 
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Figure 17: Concentration-response curves of GFP induction in transgenic 

tg(cyp19a1b:GFP)embryos by selected substances in the three laboratories. All the 

chemically measured concentrations are expressed in µM. Each data point represents the 

GFP intensity measured in zebrafish embryos after 4 days of exposure expressed as fold 

induction above solvent control. EC50 were derived from the Hill model 
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The Table 18 summarizes the EC50 derived for the test substances.  

Table 18: EC50 (expressed in µM and µg/L) derived from chemically measured 

concentration-response curves for the active substances in EASZY. The coefficient of 

variation between laboratory (CV %) is indicated 

EC50 substances  Lab A Lab B Lab C Mean SD CV (%) 

2,4-

Dihydroxybenzophenone 

µM 1.16 1.18 1.24 1.19 0.04 3.6 

µg/L 248 253 265 255 9 
 

Bisphenol S 
µM >60 >60 42.8 - - - 

µg/L > 15016 > 15016 10711 - - 
 

Bisphenol F 
µM 2.08 1.55 2.03 1.89 0.29 15.5 

µg/L 416 310 406 378 59 
 

Levonorgestrel 
µM 0.15 0.37 0.26 0.26 0.11 42.3 

µg/L 47.5 114.7 80.3 80.8 33.6 
 

Norethindrone 
µM 0.005 0.014 0.010 0.010 0.005 46.6 

µg/L 1.49 4.18 2.98 2.88 1.35 
 

Dihydrotestosterone 
µM 0.336 0.365 0.318 0.340 0.02 7.0 

µg/L 98 106 92 99 6.9 
 

17β-Trenbolone 
µM 0.346 0.753 0.468 0.522 0.209 40 

µg/L 94 204 127 141 56 
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IV.6.2.7. Comparison of the EC50 based on nominal concentrations and EC50 based on 

measured concentrations 

The Table 19 compares the EC50 based on either nominal or chemically measured concentrations.  

Table 19: Comparison of the EC50 expressed in µM and in µg/L based on either nominal 

or chemically measured concentrations of test substances 

 

 

In most cases, the EC50 derived using the chemically measured concentrations in the water 

were lowest or similar as compared to EC50 derived using nominal concentrations of exposure. 

As a result, the ratio between EC50 nominal and EC50 measured were >1 or similar, i.e. ratio 

~ 1. It was the case for 2,4-dihydroxybenzophenone, norethindrone, 17b-trenbolone, 

levonorgestrel and bisphenol F. 

There were however noticeable exceptions. For instance, marked difference were observed 

between the two EC50 reported for Dihydrotestosterone in laboratory A and Bisphenol S in 

laboratory C (Table 19). 

Based on measured concentrations of Dihydrotestosterone in the medium, the EC50 derived 

was 4.6 times weakest as compared to the “nominal” EC50 (Table 19). It reflects that measured 

concentrations of the substance were below the nominal concentrations of exposure in all 

Substance EC50 LAB A EC50 LAB B EC50 LAB C Mean SD CV (%)

nominal 0.007 0.017 0.012 0.012 0.005 42

measured 0.005 0.014 0.010 0.010 0.005 47

nominal 2.1 5.1 3.6 3.6 1.5

measured 1.5 4.2 3.0 2.9 1.3

nominal 0.13 0.38 0.22 0.24 0.13 52

measured 0.15 0.37 0.26 0.26 0.11 42

nominal 40.6 118.7 68.7 76.0 39.6

measured 47.5 114,7 80.3 80.8 33.6

nominal 1.59 0.40 0.44 0.81 0.68 83
measured 0.34 0.37 0.32 0.34 0.02 7

nominal 462 116 128 235 196

measured 248 253 265 255 9

nominal 0.45 0.96 0.67 0.69 0.26 37

measured 0.35 0.75 0.47 0.52 0.21 40

nominal 122 260 181 188 69

measured 94 204 127 141 56

nominal 1.50 1.49 1.30 1.43 0.11 8

measured 1.16 1.18 1.24 1.19 0.04 4

nominal 321 319 278 306 24

measured 248 253 265 255 9

nominal 2.04 1.97 2.07 2.03 0.05 3

measured 2.08 1.55 2.03 1.89 0.29 16

nominal 408 393 414 405 11

measured 416 310 406 378 59

nominal >60 >60 23,8

measured >60 >60 42.8

nominal >15016 >15016 5956

measured > 15016 > 15016 10711

2,4-Dihydroxybenzophenone 

17β- Trenbolone 

Levonorgestrel 

Dihydrotestosterone 

µM

µg/L

µM

µg/L

Bisphenol S 

Bisphenol F 

µM

µg/L

µM

µg/L

µM

µg/L

µM

µg/L

Norethindrone 

µM

µg/L
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exposure conditions (see ANNEX 7 and 8). Remarkedly, the “measured” EC50 for Lab A was 

very similar with EC50 from Lab B and C resulting in a very low inter-laboratory coefficient 

of variation.  

For BPS in lab C, the “measured” EC50 was 2-fold higher as compared to the “nominal” EC50. 

This difference is explained by the higher measured concentrations of BPS as compared to 

nominal concentrations. Indeed, the chemically measured concentrations of BPS varied from 

145% to 196% of the nominal concentrations (see ANNEX 8).  

Altogether, these data demonstrated that chemical analyzes of substances in water can explain 

the observed differences about estrogenic activity of some substances between laboratories 

(i.e., dihydrotestosterone, bisphenol S). Furthermore, the chemical analysis allowed the 

refinement of the EC50 values thereby increasing the correlations between EC50 from the 

laboratories (Figure 18). 

 

 

Figure 18 : Correlation between the EC50 values reported for the selected substances in 

the three laboratories. EC50 values were derived using (A-C) nominal concentrations of 

exposure or (D-F) chemically determined concentrations 
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IV.7. Conclusions of the phase 2 validation of EASZY.  

From October 2017 to July 2018, the phase 2 validation study of the EASZY assay has been 

set-up and conducted. Eleven substances, encompassing either active or inactive substances, 

were selected and evaluated using the SOP defined after the phase 1.  

Among the participating laboratories, one was naïve and important efforts have been made to 

transfer the assay method into this laboratory and allow it to manage the EASZY assay. After 

a training period, the demonstration of the laboratory proficiency was done as illustrated by the 

successful quantification of the estrogenic activity of reference ligands (17β-estradiol and 4-

ter-octylphenol).  

Eleven substances were tested blindly by three laboratories. The results obtained clearly 

demonstrated the capacity of the EASZY assay to accurately identify estrogenic substances 

from inactive ones.  

Furthermore, the quantification of the estrogenic activity of the seven active substances 

demonstrated that the EASZY assay can reliably quantify the estrogenic activity of test 

substances.  

A significant number of chemical analysis have been evaluated by the laboratory D (not 

involved in the biological testing) to further characterize the exposure conditions of the 

zebrafish embryos in the EASZY assay.  

Based on chemical analysis we demonstrated that no contamination was found in negative 

controls as the test substances were below the limit of detection in all control groups. In general, 

the measured concentrations were in very good agreement with the expected nominal 

concentrations to which the fish have been exposed and no major differences were noticed 

between the participating laboratory. For two substances, the chemical analysis allowed to 

highlight some deviations between the nominal and the measured concentrations. By using 

chemically measured concentrations, the EC50 values were refined for all substances and 

corrected for two of them thereby reducing the coefficient of variation observed between the 

laboratories.  

Altogether, the data reported in the phase 2 of the validation provide further evidence of the 

reliability, accuracy and robustness of the EASZY assay for screening the estrogenic activity 

of substances acting on the ER-regulated cyp19a1b gene in the developing brain of zebrafish.   
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V.1. Test design:  

After the first commenting round, the lack of replication was outlined with a recommendation 

to distribute the embryos in different exposure vessels for each test condition. The test design 

was modified to include 3 replicates per test condition containing 7 embryos each (n=7*3 

embryos per test condition).  

The lead laboratory evaluated the estrogenic activity of BPF in EASZY assays run in parallel 

using either one replicate with 20 embryos (initial design) or three replicates with 7x 3 embryos. 

The results obtained are shown in Figure 19.  It demonstrates that the change of the test design 

does not influence the outcome of the assay as the estrogenic activity of BPF with similar GFP 

induction profiles whatever the test design.  

 

Figure 19; Estrogenic activity of BPF in EASZY using either three replicates with n=7 

embryos or one replicate with n=20 embryos. The histograms A-C show the responses 
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obtained in the three replicates (from replicate 1 to replicate 3) each containing n=7 

embryos. D. Mean of the means measured in the three replicates. E. Estrogenic activity 

of BPF in EASZY using a single replicate containing n=20 embryos 

The comparison of the estrogenic activity of BPF with the data collected from the phase 2 

validation study (BPF was blindly tested in three laboratories) (Figure 20) demonstrated that 

the estrogenic activity of BPF was similar further illustrating that the test design of the EASZY 

assay with three replicates does not influence the outcome of the assay.  

 

Figure 20 Estrogenic activity of BPF reported during the phase 2 validation study 

illustrating that the GFP expression profiles were similar as those reported with the new 

test design 

V.2. Validity criteria.  

Comments were made about the mortality and hatching rate in controls for a test to be valid. 

These validity criteria were changed while considering the test design with 3 replicates per test 

condition. The maximum mortality was set to 1 death per replicate (i.e., 14.3%) and the overall 

hatching rate was set to 90% (i.e., maximum two unhatched embryos) 

The retrospective analysis of 13 independent EASZY assays performed in 2020 by the lead 

laboratory showed that the validity criterion for the mortality was met for all the control groups 

of each assay (  
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Table 20. The validity criterion for the hatching rate was also fulfilled as no more than two 

unhatched embryos (one per test container) was reported from all the control groups issued 

from these assays.  
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Table 20: Mortality rate observed at the end of EASZY assays performed in the lead 

laboratory. For each control condition (water, solvent, positive controls), the number of 

dead embryos out of the total number of embryos of each replicate is indicated (n/7).  

 Water control Solvent control Positive control 

Assay Replicate 

1 

Replicate 

2 

Replicate 

3 

Replicate 

1 

Replicate 

2 

Replicate 

3 

Replicate 

1 

Replicate 

2 

Replicate 

3 

1 0/7 0/7 0/7 0/7 0/7 0/7 1/7 0/7 1/7 

2 0/7 0/7 0/7 0/7 0/7 0/7 1/7 0/7 1/7 

3 0/7 1/7 1/7 0/7 0/7 1/7 0/7 0/7 0/7 

4 0/7 0/7 1/7 0/7 0/7 1/7 0/7 0/7 0/7 

5 0/7 0/7 1/7 0/7 0/7 1/7 0/7 0/7 0/7 

6 0/7 0/7 1/7 0/7 1/7 0/7 0/7 1/7 0/7 

7 0/7 0/7 0/7 0/7 1/7 0/7 0/7 1/7 0/7 

8 1/7 1/7 1/7 1/7 1/7 0/7 1/7 0/7 0/7 

9 0/7 0/7 0/7 0/7 0/7 0/7 0/7 0/7 0/7 

10 1/7 0/7 0/7 0/7 0/7 0/7 0/7 0/7 0/7 

11 1/7 0/7 0/7 1/7 0/7 0/7 0/7 0/7 0/7 

12 1/7 0/7 0/7 1/7 0/7 0/7 0/7 0/7 0/7 

13 0/7 0/7 1/7 1/7 0/7 0/7 1/7 1/7 1/7 

 

V.3. Acceptability criteria.  

Comments were made regarding the mortality rate measured in exposed groups with a 

recommendation to align this acceptability criterion with other test guidelines in order to 

strengthen the quality of the EASZY assay. A retrospective analysis of the mortality rates 

recorded from 386 exposed group replicates highlighted that the mortality rate does not exceed 

one dead embryo in most cases with only 3% of the exposed-group replicates not meeting this 

acceptability criterion (Table 21).  
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Table 21 : Mortality rate measured in exposed group replicates. In more than 96% of the 

replicates analysed, the mortality does not exceed 1 dead embryo per replicate 

 No death  

(0/7) 

1 dead  

(1/7) 

2 deads 

(2/7)  

˃ 2 deads 

(> 2/7) 

Number of 

replicates 

analysed (386) 

304 70 8 4 

100% 78.75% 18.1% 2.1% 1% 

 

Therefore, the revised test guideline mentions that the mortality rate should not exceed one 

embryo per replicate at the end of the test. 

 

V.4. Availability of the transgenic line  

The tg(cyp19a1b:GFP) has been transferred in different european countries and is maintained in 

the lead laboratory (Ineris, France). Currently, Ineris ensure the maintenance and the provision of 

the tg(cyp19a1b:GFP) line (either as embryos or adults) for public laboratories or private 

companies upon material transfer agreement (MTA).  
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The results reported herein were conducted as part of the VMG-ECO OECD working program 

to validate an OECD standardized in vivo assay on transgenic tg (cyp19a1b:GFP) zebrafish 

embryos to detect endocrine active substances acting as agonist ligands of ERs to induce the 

expression of GFP driven by the ER-regulated cyp19ab zebrafish promoter (EASZY assay).  

During the validation, we first demonstrated the transferability of the transgenic tg 

(cyp19a1b:GFP) line and the EASZY method into different academic or industrial laboratories 

in France (3), UK (1) and Germany (1).  

The EASZY Phase 1 validation has demonstrated that the protocol can be used to detect 

estrogenic effects of various test chemicals  including ER agonist ligands (17α-ethinylestradiol, 

17β-estradiol, bisphenol A, 4 tert- octylphenol) as well as aromatizable androgens, 

testosterone, which elicits an ER-dependent activation of the GFP after aromatization of 

testosterone into estradiol. We further demonstrated that dexamethasone (a glucocorticoid 

receptor agonist ligand) and spironolactone (an antagonist of the mineralocorticoid receptor) 

were unable to produce any significant effect highlighting the capacity of the test to 

discriminate active and inactive test chemicals in EASZY.  

For the EASZY Phase 2 validation, a set of eleven test chemicals, including either active or 

inactive chemicals, were further evaluated in three laboratories including a naïve laboratory, 

not involved in the Phase 1. Its proficiency to perform the EASZY assay and to provide reliable 

data was evaluated using a set of “proficiency substances”.  

For the phase 2 validation, studies were conducted under code with a specific coding for each 

test chemical. This is important to ensure that the EASZY assay successfully identify active 

and inactive chemicals without a priori knowledge of the biological activity of the test 

chemicals. Another objective of the phase 2 validation of EASZY was to characterize the 

exposure conditions of the zebrafish embryos in the EASZY assay. 

The measured concentrations in the water were in very good agreement with the expected 

nominal concentrations to which the fish have been exposed and no major differences were 

noticed between the participating laboratory demonstrating that the semi-static exposure 

system in glass vessels was satisfactory.  

The results demonstrated that EASZY allowed to reliably identify active and inactive 

6 Summary and general 

conclusions of the 2-step 

validation study of the EASZY 

assay  
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chemicals when the assays were conducted under code. Thus, all the laboratories correctly 

identify the four inactive substances meaning that no false positive results were generated by 

the EASZY assay. The specificity of the test is important to consider also for minimizing the 

number of additional tests of higher level, including the animals used, that would be conducted 

based on false positive results in EASZY. Conversely, all the active chemicals were correctly 

identify demonstrating the specificity of the assay. This minimizes the risk of not identifying a 

chemical that would exhibit an estrogenic activity in vivo.  

Altogether, the data collected demonstrated that EASZY is robust, specific and sensitive 

enough to reliably discriminate between test chemicals with estrogenic properties and test 

chemicals having no estrogenic activity.  

During the VMG-meeting, the positioning of the EASZY assay within the actual conceptual 

framework, how and when use EASZY, was regularly questioned. The revised OECD GD 150 

identifies EASZY as a level 3 assay of the actual conceptual framework, thus providing 

mechanistic information of the test chemicals in vivo. In addition to reliably identifies active 

chemicals acting on ERs to induce the brain aromatase expression, results of validation 

demonstrated that EASZY reliably quantify the estrogenic activity of test chemicals. Although 

quantification of the estrogenic activity is not the primary aim of the test and cannot be used 

for the risk assessment of chemicals, such information can be relevant to prioritize chemicals 

for additional tests of higher levels based on their estrogenic activities in EASZY. 

Quantification of the estrogenic activity in EASZY can also provide relevant information to 

target the concentration range for tests of higher levels.  

  



ENV/CBC/MONO(2021)10  61 

REPORT OF THE VALIDATION STUDY OF THE EASZY ASSAY IN TEST GUIDELINE 250 
Unclassified 

Brion, F., Y. Le Page, B. Piccini, O. Cardoso, S. K. Tong, B. C. Chung and O. Kah (2012). 

Screening estrogenic activities of chemicals or mixtures in vivo using transgenic (cyp19a1b-

GFP) zebrafish embryos PLoS One 7(5): e36069 

Browne P, Judson RS, Casey WM, Kleinstreuer NC, Thomas RS (2015). Screening Chemicals 

for Estrogen Receptor Bioactivity Using a Computational Model. Environ Sci Technol. 

21;49(14):8804-14. doi: 10.1021/acs.est.5b02641. Epub 2015 Jun 26. Erratum in: Environ Sci 

Technol. 2017 Aug 15;51(16):9415. PMID: 26066997. 

Cano-Nicolau J, Garoche C, Hinfray N, Pellegrini E, Boujrad N, Pakdel F, Kah O, Brion F. 

(2016) Several synthetic progestins disrupt the glial cell specific-brain aromataseexpression in 

developing zebra fish. Toxicol Appl Pharmacol. 15;305:12-21.   

Goldstone JV, McArthur AG, Kubota A, Zanette J, Parente T, Jönsson ME, Nelson DR, 

Stegeman JJ (2010) Identification and developmental expression ofthe full complement of 

Cytochrome P450 genes in Zebrafish. BMC Genomics.11:643. doi: 10.1186/1471-2164-11-

643  

Le Fol V, Aït-Aïssa S, Sonavane M, Porcher JM, Balaguer P, Cravedi JP, Zalko D, Brion F 

(2017a) In vitro and in vivo estrogenic activity of BPA, BPF and BPS in 

zebrafishhttp://www.sciencedirect.com/science/article/pii/S0147651317302178specific 

assays. Ecotoxicology and Environmental Safety, 142:150–156   

LeFol V, Brion F, Hillenweck A, Perdu E, Bruel S, Aït-Aïssa S, Cravedi JP, Zalko D (2017b) 

Comparison of the in vivo biotransformation of two emerging estrogenic contaminants, BP2 

and BPS, in zebrafish embryos and adults. International Journal of Molecular Sciences, 18 (4), 

E704.  

Ma F, Liu D. (2015) 17β-trenbolone, an anabolic-androgenic steroid as well as an 

environmental hormone, contributes to neurodegeneration. Toxicol Appl Pharmacol. 

1;282(1):68-76. doi: 10.1016/j.taap.2014.11.007. 

Mouriec K, Gueguen MM, Manuel C, Percevault F, Thieulant ML, Pakdel F, Kah O. (2009) 

Androgens upregulate cyp19a1b (aromatase B) gene expression in thebrain of zebrafish (Danio 

rerio) through estrogen receptors. Biol Reprod. 80(5):889-96.   

Neale, P. A., R. Altenburger, S. Aït-Aïssa, F. Brion, W. Busch, G. de Aragão Umbuzeiro, M. 

S. Denison, D. Du Pasquier, K. Hilscherová, H. Hollert, D. A. Morales, J. Novák, R. 

Schlichting, T.-B. Seiler, H. Serra, Y. Shao, A. J. Tindall, K. E. Tollefsen, T. D. Williams and 

B. I. Escher (2017). "Development of a bioanalytical test battery for water quality monitoring: 

Fingerprinting identified micropollutants and their contribution to effects in surface water." 

Water Research 123: 734-750. 

7 Bibliographic references.   

https://www.ncbi.nlm.nih.gov/pubmed/27245768
https://www.ncbi.nlm.nih.gov/pubmed/27245768
https://www.ncbi.nlm.nih.gov/pubmed/27245768
https://www.ncbi.nlm.nih.gov/pubmed/27245768
https://www.ncbi.nlm.nih.gov/pubmed/27245768
https://www.ncbi.nlm.nih.gov/pubmed/27245768
http://www.ncbi.nlm.nih.gov/pubmed/21087487
http://www.ncbi.nlm.nih.gov/pubmed/21087487
http://www.ncbi.nlm.nih.gov/pubmed/21087487
http://www.ncbi.nlm.nih.gov/pubmed/21087487
http://www.sciencedirect.com/science/article/pii/S0147651317302178
http://www.sciencedirect.com/science/article/pii/S0147651317302178
http://www.sciencedirect.com/science/article/pii/S0147651317302178
http://www.sciencedirect.com/science/article/pii/S0147651317302178
http://www.sciencedirect.com/science/article/pii/S0147651317302178
http://www.ncbi.nlm.nih.gov/pubmed/19129512
http://www.ncbi.nlm.nih.gov/pubmed/19129512
http://www.ncbi.nlm.nih.gov/pubmed/19129512
http://www.ncbi.nlm.nih.gov/pubmed/19129512


62  ENV/CBC/MONO(2021)10 

REPORT OF THE VALIDATION STUDY OF THE EASZY ASSAY IN TEST GUIDELINE 250 
Unclassified 

OECD (2012), Test No. 211: Daphnia magna Reproduction Test, OECD Guidelines for the 

Testing of Chemicals, Section 2, Éditions OECD, 

Paris, https://doi.org/10.1787/9789264185203-en. 

OECD (2016), Test No. 455: Performance-Based Test Guideline for Stably Transfected 

Transactivation In Vitro Assays to Detect Estrogen Receptor Agonists and Antagonists, OECD 

Guidelines for the Testing of Chemicals, Section 4, Éditions OECD, 

Paris, https://doi.org/10.1787/9789264265295-en. 

Serra H, Brion F, Porcher JM, Budzinki H, Aït-Aïssa S. (2018) Effect of triclosan on ER-

mediated reporter gene assays in zebrafish cells and embryos. International Journal of 

Molecular Sciences.19(4): 1175. doi: 10.3390/ijms19041175 

Tong S.K., Mouriec K., Kuo M.W., Pellegrini E., Gueguen M.M., Brion F., Kah O., Chung 

B.C. (2009). A tg(cyp19a1b:GFP)(aromatase B) transgenic zebrafish line that expresses GFP 

in radial glial cells. Genesis, vol. 47, n° 2, pp. 67-73.   

https://doi.org/10.1787/9789264185203-en
https://doi.org/10.1787/9789264265295-en
https://dx.doi.org/10.3390%2Fijms19041175


ENV/CBC/MONO(2021)10  63 

REPORT OF THE VALIDATION STUDY OF THE EASZY ASSAY IN TEST GUIDELINE 250 
Unclassified 

ANNEX 1: Description of the test method 

 

Standard Operating Protocol (SOP) & validity criteria used for phase 1 and 2.  

  

1. Apparatus and Materials  

  

The following equipment is required:   

- Binocular microscope  

- Fluorescence microscope equipped with a 10X objective, GFP filter (excitation filter 

470 nm [Band Path 450-490]; emission filter 525 nm [BP 500-550] and a fluorescence 

camera for fluorescence imaging  

- Computer with Image Analysis Software   

- Crystallizers (or Petri dish) made of chemically inert material (e.g., glass) in which the 

zebrafish are exposed. Crystallizers should be of suitable capacity in relation to the 

recommended loading (25 ml of water)  

- Incubator with controlled temperature of 27°C ± 1°C. A control of the atmospheric 

humidity can be recommended as well as a control of the light/dark photoperiod (14hrs 

light :10hrs dark). - Glass Plate to cover crystallizers  - Pipettus, pipette (25 ml).  

- Pipettes: P10 , P200, P1000.   

- Vessels to prepare stock solutions and the different test concentrations.  

- Tanks with large volume of water for maintaining sexually mature transgenic fish used 

as breeding stocks. The breeding stock is composed of unexposed healthy male and 

female fish  

- Spawn trap: Glass trays covered by a mesh (e.g., green plastic mesh)   

- Sterile Pasteur Pipette for collecting eggs from the spawning tray, for transferring eggs 

into crystallizers.  

- Glass Vessels to collect zebrafish embryos   

- Multi-well fluorescence slides for GFP measurement in live embryos using a 

flurorescence microscope.  

- Equipement for conductivity, pH, oxygen measurement.   

- Bleach (2.6%)  

- Solvent to dissolve the test substance (if solvent is required).  
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2. Culture of zebrafish tg(cyp19a1b:GFP) line  

The transgenic tg(cyp19a1b:GFP) zebrafish is a heterozygous line that expresses GFP across 

generations with a stable rate of transmission of the transgene to progeny. To date, several 

generations of transgenic fish have been cultivated (F>10) and used to obtain transgenic 

animals without alterations of expression of the transgene across generations.  

The culture conditions used for the transgenic tg(cyp19a1b:GFP) line are identical as for wild-

type zebrafish. To ensure diversity of the genetic background of the tg(cyp19a1b:GFP)strain, 

transgenic male or female are regularly crossed with wildtype fish. By observing the 

constitutive expression of GFP in offsprings carrying the transgene, transgenic embryos are 

selected and used to maintain the strain.  

  

The Figure 21 described the main key steps of EASZY, from egg production to data analysis, 

which are detailed in the following sections.   
  

 

Figure 21 Scheme of the EASZY assay illustrating the main steps for its accomplishment 

3. Maintenance of transgenic tg(cyp19a1b:GFP)brood fish and eggs 

production  

Transgenic zebrafish eggs are produced via mass spawning in large tanks. Breeding fish are 

maintained in tanks, with a loading capacity of 100 L, subjected to a 14 hrs light: 10 hrs dark 

photoperiod. In the breeding tank, 60 to 100 transgenic adult males and females are 
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continuously held together (the male:female sex ratio varied from 1:1 to 2:1). Alternatively, 

eggs can be collected  from different spawns obtained by pair-crossing adult fish rather than 

massspawning.    

For breeding, the fish are fed three times daily: twice with granular diets and once with live 

Artemia nauplii. The day prior to the assay, a glass tray covered with a green mesh (made of 

inert material and of appropriate mesh size to protect eggs from predation by their parents) is 

placed in the tank. The next morning, spawning is stimulated by the onset of light. The glass 

tray containing eggs is carefully removed from the tank, 2 hours after the onset of light.   

Eggs are transferred from the glass tray to a crystallizer containing clean water and the excess 

of organic matter is removed. Eggs are then cleaned with water supplemented with 200 µL of 

bleach solution (2.6%) for 100 ml of water during 5 minutes and rinsed 3x5min in clean water. 

Using a binocular microscope, fertilized eggs with normal development are selected and 

transferred into small aquaria (glass crystallizers).   

The rate of fertilization should be > 70% otherwise the spawn is not considered as useful to 

subsequently perform the EASZY assay.    

Since tg(cyp19a1b:GFP)line is heterozygous, crossing transgenic male and female does not 

produce 100% of transgenic embryos. The distinction between nontransgenic and transgenic 

embryos cannot be done at these very early stages of embryonic development but can be 

realized later by observing the constitutive expression of GFP from 72-hour-old post-

fertilization embryos. As a result, the test is initiated with a mixed population of embryos 

composed of transgenic and non transgenic embryos. The percentage of transgenic embryos is 

however high (around 80%) and constant from one batch to another. To ensure, a sufficiently 

number of transgenic fish to analyse, 20 embryos per exposure condition are selected.   

4. Exposure of transgenic tg(cyp19a1b:GFP) embryos  

Twenty embryos (mixed population of transgenic and non transgenic embryos) are placed in 

each glass vessel appropriately and clearly labelled. The excess of water is then removed by 

taking care that embryos are always covered by a thin layer of water. Immediately after, 25 ml 

of freshly prepared test solution is added.  

Glass vessels are then transferred into the incubator.  

For each experiment, different controls and concentrations of test substance are performed:   

- Water control:   

For water control, we use reconstituted water produced by mixing osmosis water (conductivity 

< 10 µS/cm) with mains water previously subjected to mechanical and charcoal filtrations and 

UV disinfections. The produced water is of constant pH (pH=7 ± 0.5), conductivity (350 

µS.cm-1) and temperature (28°C ± 1) and aerated to oxygen saturation. This water is also used 

as dilution water. Other well-characterized surface or well water can be used as well as 

reconstituted water (e.g., ISO water).  

- Positive control:   

Zebrafish embryos are exposed to EE2 at a final concentration of 0.05 nM, i.e. the lowest 

concentration of EE2 leading to a maximum fold induction of GFP. The mean measured fold 

induction of GFP induced by EE2 0.05 nM (14.8 ng/L) should be > or equal to 9 as compared 

to controls. If the effect of EE2 0.05 nM is below 9, the assay is invalid.    
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Test solution of EE2 0.05 nM (14.8 ng/L) is made from a 103X concentrated stock solution of 

EE2 solubilized in DMSO. The EE2 stock solution is renewed at regular interval (every month) 

to ensure reproducible results among experiments.   

- Solvent control.   

A solvent control is performed if a solvent is required to dissolve the test substance. In that 

case, the effect of the solvent must be checked prior to run the test to ensure that it does not 

significantly alter GFP. Several organic solvents have been tested and among them none alter 

GFP as compared to water control within the concentration range tested (up to 1%).   

Dimethylsulfoxide (DMSO) is usually employed at 0.01% (v:v) which is in compliance with 

OECD recommendation to limit the use of solvent to a maximum concentration of  0.01%.   

If a significant difference between GFP expression between the solvent and the water control 

groups is observed, then the EASZY assay is not considered as valid.     

- Test substance:   

In most cases, the test substance is dissolved in organic solvent (e.g., DMSO). A dilution range 

of test substance is carried out in organic solvent from stock solution (103x). The water is then 

supplemented with a constant volume of organic solvent samples from the different 

concentrated test concentrations, i.e.  

2.5µl per 25ml of water (final concentration of DMSO 0.01%, volume/volume).   

- Test concentrations (Figure 22):   

Usually, five concentrations of test substance, spaced by a constant factor, are required. The 

highest concentration should result in a maximal effect on GFP expression and the lowest 

concentration should give no significant effect on fluorescence as compared to control. The 

concentrations of test substance should not induce mortality as compared to control. Without 

information on the ability of test substance to alter GFP, a range-finding study is recommended 

with at least 5 concentrations spaced by decadic logarithmic (log10) intervals. Based on these 

range-finding experiments, a suitable concentration range with five concentrations spaced by a 

constant factor of 3 (or 2) should then be used to refine the concentration-response curve.   
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During the exposure period, it is recommended to check for mortality and to remove, if any, 

the dead embryos. In absence of information on the chemical stability of the test substance, the 

medium is renewed each day.   

 

Figure 22: Contamination of the medium and exposure of zebrafish to different 

concentrations of the test substance. After contamination, the crystallizers are placed into 

an incubator with a constant temperature of 28°C and a controlled photoperiod. The glass 

covers avoid the evaporation of the medium. The medium is renewed every day 

5. In vivo imaging of tg(cyp19a1b:GFP)zebrafish: wild-field fluorescence 

microscopy.   

5.1. Some considerations on the main characteristics of the fluorescence microscope  

Fluorescence imaging is realized using an upright fluorescence microscope equipped with a 

10X objective, a GFP filter, an external light source (e.g., HBO lamp) and a fluorescence 

camera.  

Setting the parameters for fluorescence acquisition are critical and depend on the main 

technical characteristics of each microscope. Once these parameters are set, they must be kept 

for all experiments.   

- Objective: a 10X magnification objective allows to photograph the head of the 

larvae (defined as the region of interest or ROI) hence avoiding to photograph the yolk sac that 

fluoresces at similar wavelengths as GFP. The use of specific objective for fluorescence 

applications (e.g., Fluar) is highly recommended.   
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- GFP filter: the following characteristics are highly recommended for eGFP 

filter: excitation wavelength 470 nm [Band Path 450-490]; emission wavelength 525 nm [BP 

505-545]. For each excitation and emission wavelength the band path is low with no overlap 

between the excitation and emission spectra.   

- External light source: various light sources can be used. Very often, the light 

source is composed of an HBO lamp. During the lifetime of the lamp (which do not exceed 

500 hours), the intensity should be constant. However, the stability of the external light source 

can be assessed before and after series of measurement using a fluorescence calibration slide.  

- Fluorescence camera: the camera should have a high resolution and a highly 

sensitive charge-couple device (CCD) sensor. A monochrome (black and white) (CCD) digital 

camera is recommended as it increases the sensitivity and reduces the time of exposure as 

compared to color camera.   

- Time of exposure: the time of exposure must be optimized for each 

microscope. To set this parameter, it is recommended to vary this setting and to evaluate its 

influence on the fluorescence emitted by both control and EE2-exposed fish. When properly 

set, it must allow to detect the fluorescence in both control and exposed-fish. If the time of 

exposure is too short, the basal fluorescence cannot be detected properly. In contrast, if time of 

exposure is too high, it will saturates the signal for larvae with high expression levels of GFP.   

5.2. In vivo imaging  

For each exposure condition, zebrafish larvae are carefully transferred from the exposure 

crystallizer to a multi-well fluorescence hydrophobic glass slide using a Pasteur pipette (a 21-

well fluorescence slide allows to transfer all the larvae collected from the same exposure 

group).   

At this stage, the zebrafish can be anesthetized usied benzocaine as anesthetic (Sigma #E1501). 

Benzocaine is prepared as a stock solution in absolute ethanol (100g.L-1). Larvae are 

anesthetized using benzocaine at a final concentration of 50 mg.L-1 (12.5 µL of the solution of 

benzocaine at 100g.L-1  diluted in 25 mL of medium). Anesthesia is performed directly in the 

exposure vessel and 5 minutes later, larvae are dispatched on observation slide. This mild 

anesthesia is not lethal for the duration and larvae recover quickly.   

  

Each well of the glass slide containing live zebrafish larvae is observed. At this stage, it is easy 

to distinguish fish expressing GFP from those that do not express GFP (i.e., non transgenic 

fish, see above for details).  

Each transgenic zebrafish is then photographed dorsally. A good positioning of the fish is 

mandatory to ensure comparison of GFP expression from a fish to another. The Figure 23 

illustrates the influence of positioning on the resulting fluorescence measurement. The 

fluorescence intensity was 62% lower as compared to fluorescence dorsal view. Therefore, in 

case of incorrect position (ventral or lateral view), the operator must re-orientate the larvae to 

observe it dorsally. When appropriately orientated, the head of each embryo is photographed 

under the same exposure parameters.   
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Each photograph is then named and saved in a specific folder for subsequent image analysis. 

The name of each picture should indicate:   

- Name of the test substance,   

- concentration of exposure,  -  time of exposure,  -  number of individual.   

- Example: BPA-0.5µM-134ms_12.zvi. (test substance BPA- at a concentration of 

0.5µM- time of exposure= 134ms- twelfth fish analyzed in the series)  

Various image format exists and differs according to the device (e.g., zvi for Zeiss). It is 

important to determine if the output format of the photograph can be used by the image analysis 

software used to subsequently quantify GFP.   

With well-trained operators (2 operators), 3 different substances (5 concentrations) plus 

controls are run in 4 hours. This generates approximately 350 photographs to analyze.   

After the microscopic observation, the total number of dead embryos as well as the total number 

of transgenic and non transgenic fish is recorded. Additional observations such as non-hatched 

or malformed embryos are also reported.   

5.3. Quantification of GFP by image analysis.   

We present below a procedure to analyze each photograph by using freely available image 

analysis software (Image J available at http://rsb.info.gov/ij/).   

A critical criterion for image analysis is the threshold grey level. The threshold grey level 

corresponds to a grey value which allows to distinguish the fluorescence due to the reporter 

fluorescent protein from the natural autofluorescence of fish (background fluorescence). To 

determine this parameter, the following procedure was established.   

 

  

Figure 23: Influence of the positioning of fish on fluorescence measurement. The 

fluorescence intensity measured on the left image (dorsal view) is 35% higher as 

compared to the right image (ventral view). A correct positioning is mandatory to 

compare the fluorescence intensity among images 
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5.3.1. Determining the threshold level of grey level  

1. Non transgenic zebrafish are photographed using the same parameters as previously 

defined (refer to the paragraph “In vivo imaging”).  

2. Photographs are imported in the image analysis software.  

3. A region of interest (ROI) is manually defined. The ROI corresponds to brain regions 

where expression of GFP is normally observed in transgenic 

tg(cyp19a1b:GFP)zebrafish (Figure 23).  

4. Run the analysis for each ROI to obtain grey level of each pixel within the selected 

area.  

5. The threshold is defined as the maximal grey level found in the ROI of non transgenic 

fish. To refine the threshold grey level, it is recommended to analyze several non 

transgenic fish.   

 

Figure 24: Fluorescence imaging of a non-transgenic zebrafish larvae to measure to 

background level of fluorescence (threshold level of grey value).    

Once defined, only pixels having a grey level above the threshold will be analysed. In our case, 

the threshold for background grey level was set 290 from a maximum grey level 4095 (the grey 

scale varies according to the camera used to capture images and the resolution of the image, 

e.g., 8, 12, 16 bit/pixel).   

This threshold grey level is stable over time but can be refined when changes on the fluorescent 

device are realized such as installation of a new HBO lamp.   

5.3.2. Quantification of GFP  

In the following sections, a general scheme is presented to analyse and quantify GFP using 

Image J software.   

• Prior to image analysis it is important to specify in the dialogue box which parameters 

need to be record by the software.  

- Area: Area of the Region of Interest expressed in square pixels   

- Mean gray value: Average gray value within the ROI. This is the sum of the gray 

values of all the pixels in the selection divided by the number of pixels of the ROI.   
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- Standard deviation: Standard deviation of the gray values   

- Min & max gray level: Minimum and maximum gray values measured within the ROI.  

- Integrated density: The sum of the values of the pixels in the ROI. This is equivalent 

to the product of Area and Mean Gray Value.   

- Limit to threshold: it corresponds to the threshold grey level (refer to paragraph  

5.3.1)  

• Once the parameter are checked, each image are open for image analysis and appears 

as follows:  

  
  

• The threshold grey level is applied to image: pixels having a grey value below the 

threshold level are masked and appeared in blue while pixels having grey levels equal 

or above the threshold grey level appeared in white.   

  
  

• The areas (ROI) corresponding to pixels with gray values higher than the threshold grey 

levels are selected.   
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• Each image must be checked carefully in order to verify the automatically selected ROI. 

For instance, in some pictures part of the yolk sac can appear on the image. Given that 

vitellus fluoresce at a similar excitation/emission wavelengths as GFP, the ImageJ will 

integrate pixel gray values from this area leading to an over estimation of the integrated 

density. In that case, the ROI has to be corrected by deselecting the yolk sac area from 

the ROI. The following pictures illustrate how to proceed in that case.  

 

     
 

 

EYE   

Vitellus   

Automatically selected ROI with vitellus   Manuall y corrected ROI   ( without vitellus )   
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Area  Mean  SD  Min  Max  IntDen    

  

Area  Mean  SD  Min  Max  IntDen  

94157  468  178  290  1321  44070123  61122  415  150  290  1321  25373516  

  

As illustrated with this example, an incorrect definition of the ROI within the image leads to 

an over-estimation of the Integrated Density (IntDen) of 42%.   

  

• Data image analysis can be export in a spreadsheet application for further analysis.  

• In order to handle a large number of images and reduce repetitive actions from user, a 

specific ImageJ macro was developed for high-throughput image analysis and can be 

released upon request. In order to easily report pixel analysis of each image, a template 

for file naming was defined such as follows   

[Treatment]-[Concentration]-[Exposure Time]_[Fish #].   

Example : EE2-0.05nM-134ms_15.zvi  

  

• For each assay, data are transfer in a new worksheet.  

6. Analysis of the results.   

• After image analysis of each individual fish, the results are reported in a worksheet.  

• For each exposure condition, the quantification of the fluorescence, measured as 

integrated density (IntDens) in transgenic tg(cyp19a1b:GFP)zebrafish, is expressed as mean 

fold ± standard error of the mean (S.E.M) above water control or solvent control (if solvent 

control is used).   

• Appropriate statistical tests methods can be applied to compare means using non-

parametric or parametric ANOVA follow by post-hoc test.   

• For each test chemical, concentration-response curve is modeled using a sigmoidal 

concentration-response curve (Hill model) which is a four parametric logistic model. 

Concentrations inducing 10, 20 or 50% of its maximal effect, i.e. EC10, EC20, EC50, are derived. 

Maximum fold of induction is also reported.  
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ANNEX 2: Template used to collect the data 

Excel template used to collect the data from ImageJ   
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ANNEX 3: GFP analysis using ImageJ 

  

Release notes concerning GFP analysis of the EASZY assay using the specific ImageJ 

developed (macro v2.2).   
 

 General description 

 Minimum system requirements 

Software resources needed to use tg(cyp19a1b:GFP)  

 

Analysis macro are: 

o ImageJ version 1.49o or higher - http://rsbweb.nih.gov/ij/download.html 

o Java 1.6 or higher - www.java.com 

o Bio-Formats 5.0.1 or higher http://www.openmicroscopy.org/site (library for reading 

and writing life sciences image file formats) 

o Cyp19a1b-GFP_Analysis.ijm file saved to the Plugins directory within ImageJ 

If you can't use an installer because you lack administrator privileges, a ready to use package 

is available for Windows operating systems. Uncompress ImageJ_1.50-win-jre6_EASZY.zip 

archive on your hard disk and run ImageJ.exe. 

More information on other operating systems can be found on the above-mentioned links. 

 Description of the Image processing pipeline of “Cyp19a1b-GFP_Analysis” macro: 

 
 

http://rsbweb.nih.gov/ij/download.html
http://www.java.com/
http://www.openmicroscopy.org/site
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This ImageJ macro automates tasks (open, set threshold, save, measure) to process a large 

number of tg (cyp19a1b:GFP) Zebrafish images. 

 Step 1 - Batch processing of selected directory 

o List all files containing user-defined extension (.czi - .zvi - .tif) within selected 

directory and sub-directories. 

o Apply the user-defined threshold (default 290) then analyse particles above the 

threshold. 

o Group pixels above the threshold in one Region Of Interest and save this ROI 

in a zip file in the image directory. 

 Step 2 - Check selected Region Of Interest and measure 

o Open images one by one to check the auto-selected ROI. 

o User can confirm the ROI, modify it directly or remove image from further 

analysis. 

 Detailed description of image analysis steps  

Run ImageJ.exe. 
Launch the macro in ImageJ toolbar menu: 
Plugins\ 
 1_Cyp19a1b-GFP\ 
  Cyp19a1b-GFP_Analysis 

 
The macro prompts to select the directory 
containing image files. 
The selected directory and all subdirectories 
will be processed for analysis. 
 

 

The macro displays a dialog box to set 
analysis options: 
 
Threshold value – set lower threshold value 
for pixel intensity, segmenting the image into 
features of interest (above threshold) and 
background. 
Threshold value has to be defined for each 
acquisition system (microscope + camera + 
exposure time). 
 
File type – select image type between CZI, 
ZVI (Zeiss Vision Image) and TIFF (Tagged 
Image File Format). 
 
Create ROIs – Step 1, Analyse pixels above 
the user-defined threshold value and 
automatically saves Regions Of Interest zip 
file in the image directory. 
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Measure ROIs – Skip Step 1 and proceed 
directly to Step 2 of image analysis to check 
individually and measure previously created 
ROIs. 
 
Overwrite existing ROIs – if selected, the 
macro will overwrite ROIs zip files without 
prompting the user many times. 
 
Silent Mode - if selected, the macro will 
measure all images with their associated ROI 
without prompting the user many times. 

After completion of Step 1 of image 
processing, images and their corresponding 
ROIs are checked by the user. 
 
A dialog box is displayed to validate ROI. If the 

area is correct the user has to click  to 
proceed with next image. 
The dialog box allows to exclude current 
image from analysis (e.g. blurred image) OR 
to manually redefine selected area. 

Just select  on the radio button option if 

needed then click  or ENTER    to 
continue  
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If you selected to redefine area manually, a 
new dialog box is displayed to get access to 
the ImageJ toolbar and modify the yellow 
selection. The user-defined threshold is then 
automatically applied. 
 
Select the appropriate tool in ImageJ toolbar: 

 Freehand (default) OR  Wand tool 
To remove non specific fluorescence (e.g. 
vitellus), use Freehand tool user and hold ALT 
key while selecting area to remove from ROI. 
To add area to the previously selected ROI, 
hold SHIFT key while selecting new area to 
add. 
 

Click  to validate the new ROI: image is 
then measured and zip file is automatically 
updated. 
  

 

In case the selection is empty after manual 
correction the macro discard image from 
analysis. 

 
 

After completion of Step 2, a list of all 
measured images with filename is displayed in 
the Result Table window of ImageJ. 
This table can be automatically saved as a csv 
or xls file. 
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ANNEX 4: summary of the results of the phase 1 

Summary of the phase 1 validation. EC50 values (expressed either in nM or µM) and 

coefficient of variability inter-assay (CV %) reported for the seven selected substances tested 

in the three participating laboratories during the phase 1 of the validation of the EASZY assay. 

SD= standard deviation, Neg= no effect  

 
 

 

Chemical Run Lab A Lab B Lab C 

EE2 (nM) 1 0.01 0.028 0.015 

 2 0.01 0.027 0.016 

 3 0.013 0.014 0.016 

 4 0.013 0.017  

 5 0.01   

 6 0.019   

 7 0.01   

 8 0.011   

 9 0.008   

 10 0.018   

 mean 0.0122 0.0215 0.0157 

 SD 0.004 0.007 0.001 

 CV % 29.9 32.8 3.7 

E2 (nM)  2.87 1.74 2.8 

  1.94 2.11 1.36 

  1.47 2.69  

  2.05 1.11  

  1.55   

 mean 1.976 1.9125 2.08 

 SD 0.6 0.7 1.0 

 CV % 28.2 34.6 49.0 

Bisphenol A (µM) 1 3.7 5.1 3.6 

 2 4.3 2.6 3.6 

 3 4.3 3.3 2.5 

 4 4.5 3.5  

 mean 4.2 3.6 3.2 

 SD 0.3 1.1 0.6 

 CV % 8.2 29.1 19.6 

4-ter-octylphenol (µM) 1 0.44 0.18 0.22 

 2 0.24 0.24 0.36 

 3 0.2 0.18 0.24 

 4  0.21  

 mean 0.293 0.203 0.273 

 SD 0.129 0.029 0.076 

 CV % 43.8 14.2 27.7 

Testosterone (µM) 1 0.9 0.51 0.92 

 2 0.61 0.47 1.35 

 3 0.46 0.21  

 mean 0.657 0.397 1.135 

 SD 0.224 0.163 0.304 

 CV % 34.1 41.1 26.8 

Dexamethasone 1 neg neg neg 

Spironolactone 1 neg neg neg 
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ANNEX 4: summary of the results of the phase 1 (continued) 

Summary of the phase 1 validation. EC50 values (expressed either in ng/L or µg/L) and 

coefficient of variability inter-assay (CV %) reported for the seven selected substances tested 

in the three participating laboratories during the phase 1 of the validation of the EASZY assay. 

SD= standard deviation, Neg= no effect  

 
 

Chemical Run Lab A Lab B Lab C

EE2 (ng/L) 1 2.96 8.29 4.44

2 2.96 8.00 4.74

3 3.85 4.14 4.74

4 3,85 5.03

5 2.96

6 5.63

7 2.96

8 3.26

9 2.37

10 5.33

mean 3.62 6.37 4.64

SD 1.08 2.9 0.17

CV % 29.9 32.8 3.7

E2 (ng/L) 781.7 473.9 762.7

528.4 574.7 375.9

400.4 732.7

558.4 302.3

422.2

mean 538.2 520.9 569.3

SD 151.9 180.5 273.5

CV % 28.2 34.6 48.0

Bisphenol A (µg/L) 1 845 1164 822

2 982 594 822

3 982 753 571

4 1027 799

mean 958 827 738

SD 79 241 145

CV % 8.2 29.1 19.6

4-ter-octylphenol (µg/L) 1 90.8 37.1 45.4

2 49.5 49.5 74.3

3 41.3 37.1 49.5

4 43.3

mean 60.5 41.8 56.4

SD 26.5 5.9 15.6

CV % 43.8 14.2 27.8

Testosterone (µg/L) 1 259.6 147,1 265.3

2 175.9 135,6 389.4

3 132.7 60.6

mean 189.4 114.4 327.4

SD 64.5 47 87.7

CV % 34.1 41.1 26.8

Dexamethasone 1 neg neg neg

Spironolactone 1 neg neg neg
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ANNEX 5: survival rate of zebrafish embryos exposed to test chemicals 

Survival rate (expressed in %) of 4-dpf zebrafish measured after 96 hours of exposure. For each substance, the chemically measured 

concentrations are reported. 
  Laboratory A Laboratory B Laboratory C 

  

concentrations µM 

(measured) 

survival rate 

(%) 

concentrations µM 

(measured) 

survival rate 

(%) 

concentrations µM 

(measured) 

survival rate 

(%) 

Diclofenac  10.45 0 10.87 0 9.55 0 

  2.90 0 3.53 0 3.04 0 

  0.98 75 0.96 100 0.93 95 

  0.32 90 0.36 100 0.31 100 

  0.10 75 0.12 100 0.10 100 

Triclosan  7.11 0 8.74 0 7.06 0 

  2.41 0 1.98 0 1.77 0 

  0.59 75 0.67 0 0.73 70 

  0.19 95 0.24 100 0.22 100 

  0.06 90 0.08 100 0.08 100 

2,4 dihydroxybenzophenone 8.64 40 9.20 96 10.62 90 

  2.84 80 3.06 100 3.22 100 

  0.83 65 1.08 100 1.07 100 

  0.25 90 0.34 100 0.32 100 

  0.07 85 0.12 100 0.10 100 

Bisphenol S  56.85 95 52.03 100 82.40 100 

  19.62 95 18.39 95 26.44 100 

  6.68 95 6.15 92 8.50 100 

  3.01 80 2.43 100 3.11 100 

  0.84 100 0.35 95 1.03 100 

Bisphenol F  4.54 100 4.02 95 4.89 95 

  1.74 80 1.31 96 1.67 100 

  0.50 100 0.42 95 0.50 100 

  0.17 100 0.16 95 0.16 100 

  0.06 100 0.05 83 0.05 100 
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Annex 5: survival rate of zebrafish embryos exposed to test chemicals 

  Laboratory A Laboratory B Laboratory C 

  

concentrations µM 

(measured) 

survival rate 

(%) 

concentrations µM 

(measured) 

survival rate 

(%) 

concentrations µM 

(measured) 

survival rate 

(%) 

Benzophenone  9.94 85 4.62 75 4.62 95 

  3.79 95 2.00 79 2.00 100 

  0.81 95 0.69 96 0.69 100 

  0.46 90 0.18 75 0.18 95 

  0.12 95 0.08 86 0.08 100 

Levonorgestrel  1.05 100 0.91 95 0.95 100 

  0.54 90 0.32 100 0.32 100 

  0.13 95 0.12 100 0.16 100 

  0.04 100 0.04 100 0.05 100 

  0.01 95 0.01 100 0.02 95 

Norethindrone  0.09 90 0.09 100 0.09 95 

  0.03 100 0.02 95 0.03 100 

  0.01 95 0.01 100 0.01 100 

  0.00 90 0.00 100 0.00 100 

  0.00 100 0.00 100 0.00 100 

Dihydrotestosterone  4.65 85 7.61 95 7.69 100 

  1.34 90 2.56 100 2.15 100 

  0.16 100 0.92 100 1.02 100 

  0.06 90 0.31 100 0.26 100 

  0.02 100 0.12 100 0.09 100 

17B-trenbolone  8.27 80 8.20 36 6.66 90 

  2.64 90 2.42 95 2.39 100 

  0.82 95 0.87 95 0.78 100 

  0.30 80 0.29 95 0.25 100 

  0.12 100 0.10 88 0.06 100 

11 -Ketotestosterone  1.02 90 0.91 100 1.02 100 

  0.33 90 0.28 100 0.33 100 

  0.12 75 0.10 100 0.12 100 

  0.03 80 0.03 100 0.04 100 
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ANNEX 6: GFP expression in zebrafish embryos exposed to test chemicals 

GFP expression in 4-dpf zebrafish embryos exposed for 96 hours to selected substances. 

Results are expressed as mean fold induction above control± SEM.  

Diclofenac 

 
Triclosan 

 
2,4-dihydrybenzophenone 
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ANNEX 6: GFP expression in zebrafish embryos exposed to test chemicals 

(continued) 

Bisphenol S 

 
Benzophenone  

 
Bisphenol F 
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ANNEX 6: GFP expression in zebrafish embryos exposed to test chemicals 

(continued) 
Levonorgestrel 

 
Norethindrone 

 
 

Dihydrotestosterone 
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ANNEX 6: GFP expression in zebrafish embryos exposed to test chemicals 

(continued) 
17-trenbolone 

 
11-Ketotestosterone 
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ANNEX 7: chemical analysis 

 

Chemical analysis: Measured concentrations (in µM and in mg/L) of test substances in the medium. For 17α-ethinylestradiol 

concentrations are expressed in nM and ng/L  
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Laboratory A

LabA-Sub2 C1 10.00 0.995 9.95 6.34 ±0.44 7.95 ±0.56

LabA-Sub2 C2 3.00 0.995 2.99 2.53 ±0.18 2.30 ±0.16

LabA-Sub2 C3 1.00 0.995 1.00 0.65 ±0.05 0.53 ±0.04

LabA-Sub2 C4 0.30 0.995 0.30 0.24 ±0.02 0.15 ±0.01

LabA-Sub2 C5 0.10 0.995 0.10 0.07 ±0.005 0.05 ±0.003

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub1 C1 10.02 0.995 9.97 8.97 ±0.63 8.52 ±0.60

LabB-Sub1 C2 3.00 0.995 2.99 2.41 ±0.17 1.61 ±0.11

LabB-Sub1 C3 1.00 0.995 1.00 0.74 ±0.05 0.60 ±0.04

LabB-Sub1 C4 0.30 0.995 0.30 0.28 ±0.02 0.22 ±0.02

LabB-Sub1 C5 0.10 0.995 0.10 0.09 ±0.01 0.07 ±0.005

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub3 C1 9.79 0.995 9.74 7.07 ±0.49 7.05 ±0.49

LabC-Sub3 C2 2.94 0.995 2.92 1.87 ±0.13 1.67 ±0.12

LabC-Sub3 C3 0.98 0.995 0.97 0.76 ±0.05 0.71 ±0.05

LabC-Sub3 C4 0.29 0.995 0.29 0.25 ±0.02 0.20 ±0.01

LabC-Sub3 C5 0.10 0.995 0.10 0.10 ±0.01 0.07 ±0.005

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Triclosan - Concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction by 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)

T 24h

Measured concentration (µM) Measured concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction by 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction by 

T 0h



ENV/CBC/MONO(2021)10  89 

REPORT OF THE VALIDATION STUDY OF THE EASZY ASSAY IN TEST GUIDELINE 250 
Unclassified 

 

Laboratory A

LabA-Sub2 C1 2.90 0.995 2.88 1.83 ±0.13 2.30 ±0.16

LabA-Sub2 C2 0.87 0.995 0.86 0.73 ±0.05 0.67 ±0.05

LabA-Sub2 C3 0.29 0.995 0.29 0.19 ±0.01 0.15 ±0.01

LabA-Sub2 C4 0.09 0.995 0.09 0.07 ±0.005 0.04 ±0.003

LabA-Sub2 C5 0.03 0.995 0.03 0.02 ±0.001 0.01 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub1 C1 2.90 0.995 2.89 2.60 ±0.18 2.47 ±0.17

LabB-Sub1 C2 0.87 0.995 0.87 0.70 ±0.05 0.47 ±0.03

LabB-Sub1 C3 0.29 0.995 0.29 0.21 ±0.01 0.17 ±0.01

LabB-Sub1 C4 0.09 0.995 0.09 0.08 ±0.006 0.06 ±0.004

LabB-Sub1 C5 0.03 0.995 0.03 0.03 ±0.002 0.02 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub3 C1 2.83 0.995 2.82 2.05 ±0.14 2.04 ±0.14

LabC-Sub3 C2 0.85 0.995 0.85 0.54 ±0.04 0.48 ±0.03

LabC-Sub3 C3 0.28 0.995 0.28 0.22 ±0.02 0.21 ±0.01

LabC-Sub3 C4 0.09 0.995 0.08 0.07 ±0.005 0.06 ±0.004

LabC-Sub3 C5 0.03 0.995 0.03 0.03 ±0.002 0.02 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction by 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction by 

T 0h

 Triclosan - Concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction by 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)
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Laboratory A

LabA-Sub1 C1 10.03 0.985 9.88 10.90 ±0.327 10.03 ±0.301

LabA-Sub1 C2 3.01 0.985 2.97 3.00 ±0.09 2.79 ±0.084

LabA-Sub1 C3 1.00 0.985 0.99 1.03 ±0.031 0.93 ±0.028

LabA-Sub1 C4 0.30 0.985 0.30 0.32 ±0.009 0.32 ±0.01

LabA-Sub1 C5 0.10 0.985 0.10 0.11 ±0.003 0.10 ±0.003

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub3 C1 10.01 0.985 9.86 11.03 ±0.331 10.70 ±0.321

LabB-Sub3 C2 3.00 0.985 2.96 3.66 ±0.11 3.39 ±0.102

LabB-Sub3 C3 1.00 0.985 0.99 1.06 ±0.032 0.87 ±0.26

LabB-Sub3 C4 0.30 0.985 0.30 0.35 ±0.01 0.38 ±0.011

LabB-Sub3 C5 0.10 0.985 0.10 0.12 ±0.004 0.13 ±0.004

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub2 C1 9.80 0.985 9.66 9.09 ±0.273 10.02 ±0.301

LabC-Sub2 C2 2.94 0.985 2.90 3.23 ±0.097 2.86 ±0.086

LabC-Sub2 C3 0.98 0.985 0.97 0.94 ±0.028 0.91 ±0.027

LabC-Sub2 C4 0.29 0.985 0.29 0.30 ±0.009 0.32 ±0.01

LabC-Sub2 C5 0.10 0.985 0.10 0.11 ±0.003 0.10 ±0.003

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Sample
Nominal concentration 

(μM)
Standard purity

Nominal Value with 

correction by purity (μM)

T 0h T 24h

Measured concentration (μM) Measured concentration (μM)

Measured concentration (μM) Measured concentration (μM)

T 24h

Measured concentration (μM)
Sample

Nominal concentration 

(μM)
Standard purity

Nominal Value with 

correction by purity (μM)

T 0h

Measured concentration (μM)

 Diclofenac Concentration (μM)

Sample
Nominal concentration 

(μM)
Standard purity

Nominal Value with 

correction by purity (μM)

T 0h T 24h
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Laboratory A

LabA-Sub1 C1 2.97 0.985 2.93 3.23 ±0.097 2.97 ±0.089

LabA-Sub1 C2 0.89 0.985 0.88 0.89 ±0.027 0.83 ±0.025

LabA-Sub1 C3 0.30 0.985 0.29 0.31 ±0.009 0.28 ±0.008

LabA-Sub1 C4 0.09 0.985 0.09 0.09 ±0.003 0.09 ±0.003

LabA-Sub1 C5 0.03 0.985 0.03 0.03 ±0.001 0.03 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub3 C1 2.96 0.985 2.92 3.27 ±0.098 3.17 ±0.095

LabB-Sub3 C2 0.89 0.985 0.88 1.09 ±0.033 1.00 ±0.03

LabB-Sub3 C3 0.30 0.985 0.29 0.31 ±0.009 0.26 ±0.008

LabB-Sub3 C4 0.09 0.985 0.09 0.10 ±0.003 0.11 ±0.003

LabB-Sub3 C5 0.03 0.985 0.03 0.04 ±0.001 0.04 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub2 C1 2.90 0.985 2.86 2.69 ±0.081 2.97 ±0.089

LabC-Sub2 C2 0.87 0.985 0.86 0.96 ±0.029 0.85 ±0.025

LabC-Sub2 C3 0.29 0.985 0.29 0.28 ±0.008 0.27 ±0.008

LabC-Sub2 C4 0.09 0.985 0.09 0.09 ±0.003 0.09 ±0.003

LabC-Sub2 C5 0.03 0.985 0.03 0.03 ±0.001 0.03 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value with 

correction by purity 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value with 

correction by purity 

T 0h

 Diclofenac Concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value with 

correction by purity 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)
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Laboratory A

LabA-Sub3 C1 10.01 0.99 9.91 8.13 ±0.164 9.18 ±0.185

LabA-Sub3 C2 3.00 0.99 2.97 2.87 ±0.058 2.80 ±0.057

LabA-Sub3 C3 1.00 0.99 0.99 0.83 ±0.017 0.82 ±0.017

LabA-Sub3 C4 0.30 0.99 0.30 0.25 ±0.005 0.26 ±0.005

LabA-Sub3 C5 0.10 0.99 0.10 0.07 ±0.001 0.07 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub2 C1 10.00 0.99 9.90 9.10 ±0.184 9.31 ±0.188

LabB-Sub2 C2 3.00 0.99 2.97 3.17 ±0.064 2.95 ±0.06

LabB-Sub2 C3 1.00 0.99 0.99 1.08 ±0.022 1.09 ±0.022

LabB-Sub2 C4 0.30 0.99 0.30 0.35 ±0.007 0.33 ±0.007

LabB-Sub2 C5 0.10 0.99 0.10 0.13 ±0.003 0.12 ±0.002

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

 LabC-Sub1 C1 9.86 0.99 9.76 10.77 ±0.218 10.48 ±0.212

 LabC-Sub1 C2 2.96 0.99 2.93 3.46 ±0.07 3.00 ±0.061

 LabC-Sub1 C3 0.99 0.99 0.98 1.12 ±0.023 1.03 ±0.021

 LabC-Sub1 C4 0.30 0.99 0.29 0.33 ±0.007 0.30 ±0.006

 LabC-Sub1 C5 0.10 0.99 0.10 0.10 ±0.002 0.10 ±0.002

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Sample
Nominal concentration 

(μM)
Standard purity

Nominal Value with 

correction by purity (μM)

  2,4-dihydroxybenzophenone Concentration (μM)

Sample
Nominal concentration 

(μM)
Standard purity

Nominal Value with 

correction by purity (μM)

T 0h T 24h

Measured concentration (μM) Measured concentration (μM)

T 0h T 24h

Measured concentration (μM) Measured concentration (μM)

Sample
Nominal concentration 

(μM)
Standard purity

Nominal Value with 

correction by purity (μM)

T 0h T 24h

Measured concentration (μM) Measured concentration (μM)
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Laboratory A

LabA-Sub3 C1 2.14 0.99 2.12 1.74 ±0.035 1.97 ±0.040

LabA-Sub3 C2 0.64 0.99 0.64 0.61 ±0.012 0.60 ±0.012

LabA-Sub3 C3 0.21 0.99 0.21 0.18 ±0.004 0.18 ±0.004

LabA-Sub3 C4 0.06 0.99 0.06 0.05 ±0.001 0.06 ±0.001

LabA-Sub3 C5 0.02 0.99 0.02 0.01 ±0.000 0.01 ±0.000

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub2 C1 2.14 0.99 2.12 1.95 ±0.039 1.99 ±0.040

LabB-Sub2 C2 0.64 0.99 0.64 0.68 ±0.014 0.63 ±0.013

LabB-Sub2 C3 0.21 0.99 0.21 0.23 ±0.005 0.23 ±0.005

LabB-Sub2 C4 0.06 0.99 0.06 0.08 ±0.002 0.07 ±0.001

LabB-Sub2 C5 0.02 0.99 0.02 0.03 ±0.001 0.02 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

 LabC-Sub1 C1 2.11 0.99 2.09 2.31 ±0.047 2.24 ±0.045

 LabC-Sub1 C2 0.63 0.99 0.63 0.74 ±0.015 0.64 ±0.013

 LabC-Sub1 C3 0.21 0.99 0.21 0.24 ±0.005 0.22 ±0.004

 LabC-Sub1 C4 0.06 0.99 0.06 0.07 ±0.001 0.07 ±0.001

 LabC-Sub1 C5 0.02 0.99 0.02 0.02 ±0.000 0.02 ±0.000

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value with 

correction by purity 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value with 

correction by purity 

T 0h

  2,4-dihydroxybenzophenone Concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value with 

correction by purity 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)
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Laboratory A

LabA-Sub8 C1 101.43 0.98 99.40 82.89 ±1.25 97.98 ±1.48

LabA-Sub8 C2 30.43 0.98 29.82 29.73 ±0.45 30.86 ±0.47

LabA-Sub8 C3 10.14 0.98 9.94 10.21 ±0.15 10.10 ±0.15

LabA-Sub8 C4 3.04 0.98 2.98 3.63 ±0.05 3.75 ±0.06

LabA-Sub8 C5 1.01 0.98 0.99 1.11 ±0.02 1.10 ±0.02

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub10 C1 100.11 0.98 98.11 91.28 ±1.38 86.60 ±1.31

LabB-Sub10 C2 30.03 0.98 29.43 29.69 ±0.45 13.01 ±0.20

LabB-Sub10 C3 10.01 0.98 9.81 9.95 ±0.15 10.18 ±0.15

LabB-Sub10 C4 3.00 0.98 2.94 3.28 ±0.05 3.23 ±0.05

LabB-Sub10 C5 1.00 0.98 0.98 1.10 ±0.02 1.11 ±0.02

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub9 C1 98.03 0.98 96.07 112.73 ±2.24 77.44 ±1.54

LabC-Sub9 C2 29.41 0.98 28.82 34.99 ±0.70 33.26 ±0.66

LabC-Sub9 C3 9.80 0.98 9.61 13.04 ±0.26 9.19 ±0.18

LabC-Sub9 C4 2.94 0.98 2.88 3.98 ±0.08 3.36 ±0.07

LabC-Sub9 C5 0.98 0.98 0.96 1.21 ±0.02 0.97 ±0.02

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

 19-Norethindrone Concentration (nM)

T 24h

Measured concentration (nM) Measured concentration (nM)

Sample
Nominal concentration 

(nM)
Standard purity

Nominal Value with correction 

by purity (nM)

T 0h T 24h

Measured concentration (nM)

Sample
Nominal concentration 

(nM)
Standard purity

Nominal Value with correction 

by purity (nM)

T 0h

Measured concentration (nM)

T 24h

Measured concentration (nM) Measured concentration (nM)
Sample

Nominal concentration 

(nM)
Standard purity

Nominal Value with correction 

by purity (nM)

T 0h



ENV/CBC/MONO(2021)10  95 

REPORT OF THE VALIDATION STUDY OF THE EASZY ASSAY IN TEST GUIDELINE 250 
Unclassified 

 
 

 

 

Laboratory A

LabA-Sub8 C1 30.27 0.98 29.66 24.74 ±0.37 29.24 ±0.44

LabA-Sub8 C2 9.08 0.98 8.90 8.87 ±0.13 9.21 ±0.14

LabA-Sub8 C3 3.03 0.98 2.97 3.05 ±0.05 3.01 ±0.05

LabA-Sub8 C4 0.91 0.98 0.89 1.08 ±0.02 1.12 ±0.02

LabA-Sub8 C5 0.30 0.98 0.30 0.33 ±0.01 0.33 ±0.005

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub10 C1 29.87 0.98 29.28 27.24 ±0.41 25.84 ±0.39

LabB-Sub10 C2 8.96 0.98 8.78 8.86 ±0.13 3.88 ±0.06

LabB-Sub10 C3 2.99 0.98 2.93 2.97 ±0.04 3.04 ±0.05

LabB-Sub10 C4 0.90 0.98 0.88 0.98 ±0.01 0.96 ±0.01

LabB-Sub10 C5 0.30 0.98 0.29 0.33 ±0.005 0.33 ±0.005

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub9 C1 29.25 0.98 28.67 33.64 ±0.67 23.11 ±0.46

LabC-Sub9 C2 8.78 0.98 8.60 10.44 ±0.21 9.92 ±0.20

LabC-Sub9 C3 2.93 0.98 2.87 3.89 ±0.08 2.74 ±0.05

LabC-Sub9 C4 0.88 0.98 0.86 1.19 ±0.02 1.00 ±0.02

LabC-Sub9 C5 0.29 0.98 0.29 0.36 ±0.01 0.29 ±0.01

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 24h

Measured concentration (μg/L) Measured concentration (μg/L)

Sample
Nominal concentration 

(μg/L)
Standard purity

Nominal Value with correction 

by purity (μg/L)

T 0h T 24h

Measured concentration (μg/L) Measured concentration (μg/L)

Sample
Nominal concentration 

(μg/L)
Standard purity

Nominal Value with correction 

by purity (μg/L)

T 0h

 19-Norethindrone Concentration (µg/L)

Sample
Nominal concentration 

(μg/L)
Standard purity

Nominal Value with correction 

by purity (μg/L)

T 0h T 24h

Measured concentration (μg/L) Measured concentration (μg/L)
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Laboratory A

LabA-Sub10 C1 10.07 0.93 9.37 9.52 ±0.56 7.13 ±0.42

LabA-Sub10 C2 3.02 0.93 2.81 2.76 ±0.16 2.52 ±0.15

LabA-Sub10 C3 1.01 0.93 0.94 0.91 ±0.05 0.73 ±0.04

LabA-Sub10 C4 0.30 0.93 0.28 0.33 ±0.02 0.28 ±0.02

LabA-Sub10 C5 0.10 0.93 0.09 0.15 ±0.01 0.10 ±0.01

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub7 C1 9.99 0.93 9.29 8.71 ±0.51 7.71 ±0.45

LabB-Sub7 C2 3.00 0.93 2.79 2.51 ±0.15 2.32 ±0.14

LabB-Sub7 C3 1.00 0.93 0.93 0.87 ±0.05 0.87 ±0.05

LabB-Sub7 C4 0.30 0.93 0.28 0.26 ±0.02 0.33 ±0.02

LabB-Sub7 C5 0.10 0.93 0.09 0.10 ±0.01 0.11 ±0.01

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub8 C1 9.89 0.93 9.19 8.46 ±0.50 5.14 ±0.30

LabC-Sub8 C2 2.97 0.93 2.76 2.82 ±0.17 2.00 ±0.12

LabC-Sub8 C3 0.99 0.93 0.92 0.94 ±0.05 0.65 ±0.04

LabC-Sub8 C4 0.30 0.93 0.28 0.28 ±0.02 0.23 ±0.01

LabC-Sub8 C5 0.10 0.93 0.09 0.07 ±0.004 0.05 ±0.003

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

17b Trenbolone Concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value with correction 

by purity (µM)

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)

T 24h

Measured concentration (µM) Measured concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value with correction 

by purity (µM)

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value with correction 

by purity (µM)

T 0h
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Laboratory A

LabA-Sub10 C1 2.72 0.93 2.53 2.57 ±0.15 1.93 ±0.11

LabA-Sub10 C2 0.82 0.93 0.76 0.75 ±0.04 0.68 ±0.04

LabA-Sub10 C3 0.27 0.93 0.25 0.25 ±0.01 0.20 ±0.01

LabA-Sub10 C4 0.08 0.93 0.08 0.09 ±0.01 0.08 ±0.004

LabA-Sub10 C5 0.03 0.93 0.03 0.04 ±0.002 0.03 ±0.002

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub7 C1 2.70 0.93 2.51 2.36 ±0.14 2.08 ±0.12

LabB-Sub7 C2 0.81 0.93 0.75 0.68 ±0.04 0.63 ±0.04

LabB-Sub7 C3 0.27 0.93 0.25 0.23 ±0.01 0.24 ±0.01

LabB-Sub7 C4 0.08 0.93 0.08 0.07 ±0.004 0.09 ±0.01

LabB-Sub7 C5 0.03 0.93 0.03 0.03 ±0.002 0.03 ±0.002

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub8 C1 2.67 0.93 2.49 2.29 ±0.13 1.39 ±0.08

LabC-Sub8 C2 0.80 0.93 0.75 0.76 ±0.04 0.54 ±0.03

LabC-Sub8 C3 0.27 0.93 0.25 0.25 ±0.01 0.18 ±0.01

LabC-Sub8 C4 0.08 0.93 0.07 0.08 ±0.004 0.06 ±0.004

LabC-Sub8 C5 0.03 0.93 0.02 0.02 ±0.001 0.01 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value with correction 

by purity (mg/L)

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value with correction 

by purity (mg/L)

T 0h

  17b Trenbolone Concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value with correction 

by purity (mg/L)

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)
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Laboratory A

LabA-Sub11 C1 1004.93 0.98 984.83 967.53 ±39.67 1069.62 ±43.85

LabA-Sub11 C2 301.48 0.98 295.45 322.84 ±13.24 338.90 ±13.89

LabA-Sub11 C3 100.49 0.98 98.48 133.79 ±5.49 103.99 ±1.14

LabA-Sub11 C4 30.15 0.98 29.54 44.96 ±1.84 23.63 ±0.97

LabA-Sub11 C5 10.05 0.98 9.85 14.82 ±0.61 5.89 ±0.24

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub8 C1 999.97 0.98 979.97 936.21 ±10.30 884.68 ±9.73

LabB-Sub8 C2 299.99 0.98 293.99 334.94 ±3.68 223.42 ±2.46

LabB-Sub8 C3 100.00 0.98 98.00 100.65 ±1.11 101.89 ±1.12

LabB-Sub8 C4 30.00 0.98 29.40 37.67 ±0.41 32.28 ±0.36

LabB-Sub8 C5 10.00 0.98 9.80 10.24 ±0.11 11.88 ±0.13

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub7 C1 967.72 0.98 948.36 1115.48 ±45.73 929.05 ±38.09

LabC-Sub7 C2 290.32 0.98 284.51 319.85 ±13.11 340.80 ±13.97

LabC-Sub7 C3 96.77 0.98 94.84 159.74 ±6.55 92.22 ±3.78

LabC-Sub7 C4 29.03 0.98 28.45 36.45 ±1.49 53.67 ±2.20

LabC-Sub7 C5 9.68 0.98 9.48 12.83 ±0.53 12.86 ±0.53

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

  11 Ketotestosterone Concentration (nM)

Sample
Nominal concentration 

(nM)
Standard purity

Nominal Value with correction 

by purity (nM)

T 0h T 24h

Measured concentration (nM) Measured concentration (nM)

T 24h

Measured concentration (nM) Measured concentration (nM)

Sample
Nominal concentration 

(nM)
Standard purity

Nominal Value with correction 

by purity (nM)

T 0h T 24h

Measured concentration (nM) Measured concentration (nM)

Sample
Nominal concentration 

(nM)
Standard purity

Nominal Value with correction 

by purity (nM)

T 0h
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Laboratory A

LabA-Sub11 C1 303.90 0.98 297.82 292.59 ±12.00 323.46 ±13.26

LabA-Sub11 C2 91.17 0.98 89.35 97.63 ±4.00 102.49 ±4.20

LabA-Sub11 C3 30.39 0.98 29.78 40.46 ±1.66 31.45 ±0.35

LabA-Sub11 C4 9.12 0.98 8.93 13.60 ±0.56 7.15 ±0.29

LabA-Sub11 C5 3.04 0.98 2.98 4.48 ±0.18 1.78 ±0.07

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub8 C1 302.40 0.98 296.35 283.12 ±3.11 267.54 ±2.94

LabB-Sub8 C2 90.72 0.98 88.91 101.29 ±1.11 67.56 ±0.74

LabB-Sub8 C3 30.24 0.98 29.64 30.44 ±0.33 30.81 ±0.34

LabB-Sub8 C4 9.07 0.98 8.89 11.39 ±0.13 9.76 ±0.11

LabB-Sub8 C5 3.02 0.98 2.96 3.10 ±0.03 3.59 ±0.04

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub7 C1 292.65 0.98 286.79 337.33 ±13.83 280.95 ±11.52

LabC-Sub7 C2 87.79 0.98 86.04 96.73 ±3.97 103.06 ±4.23

LabC-Sub7 C3 29.26 0.98 28.68 48.31 ±1.98 27.89 ±1.14

LabC-Sub7 C4 8.78 0.98 8.60 11.02 ±0.45 16.23 ±0.67

LabC-Sub7 C5 2.93 0.98 2.87 3.88 ±0.16 3.89 ±0.16

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 24h

Measured concentration (μg/L) Measured concentration (μg/L)

Sample
Nominal concentration 

(μg/L)
Standard purity

Nominal Value with correction 

by purity (μg/L)

T 0h T 24h

Measured concentration (μg/L) Measured concentration (μg/L)

Sample
Nominal concentration 

(μg/L)
Standard purity

Nominal Value with correction 

by purity (μg/L)

T 0h

 11 Ketotestosterone  Concentration (µg/L)

Sample
Nominal concentration 

(μg/L)
Standard purity

Nominal Value with correction 

by purity (μg/L)

T 0h T 24h

Measured concentration (μg/L) Measured concentration (μg/L)
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Laboratory A

LabA-Sub5 C1 9.97 0.997 9.94 8.26 ±1.29 11.84 ±1.85

LabA-Sub5 C2 2.99 0.997 2.98 3.33 ±0.52 4.30 ±0.67

LabA-Sub5 C3 1.00 0.997 0.99 0.74 ±0.12 0.88 ±0.14

LabA-Sub5 C4 0.30 0.997 0.30 0.49 ±0.08 0.44 ±0.07

LabA-Sub5 C5 0.10 0.997 0.10 0.14 ±0.02 0.10 ±0.02

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub4 C1 10.01 0.997 9.98 12.62 ±1.97 9.34 ±1.46

LabB-Sub4 C2 3.00 0.997 2.99 3.49 ±0.54 2.66 ±0.42

LabB-Sub4 C3 1.00 0.997 1.00 1.17 ±0.18 1.04 ±0.16

LabB-Sub4 C4 0.30 0.997 0.30 0.55 ±0.09 0.46 ±0.07

LabB-Sub4 C5 0.10 0.997 0.10 0.11 ±0.02 0.11 ±0.02

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub6 C1 9.83 0.997 9.80 4.62 ±0.72 4.61 ±0.72

LabC-Sub6 C2 2.95 0.997 2.94 2.23 ±0.35 1.78 ±0.28

LabC-Sub6 C3 0.98 0.997 0.98 0.76 ±0.12 0.64 ±0.10

LabC-Sub6 C4 0.29 0.997 0.29 0.19 ±0.03 0.17 ±0.03

LabC-Sub6 C5 0.10 0.997 0.10 0.08 ±0.01 0.07 ±0.01

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

  Benzophenone Concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)

T 24h

Measured concentration (µM) Measured concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction 

T 0h
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Laboratory A

LabA-Sub5 C1 1.82 0.997 1.81 1.51 ±0.23 2.16 ±0.34

LabA-Sub5 C2 0.55 0.997 0.54 0.61 ±0.09 0.78 ±0.12

LabA-Sub5 C3 0.18 0.997 0.18 0.14 ±0.02 0.16 ±0.03

LabA-Sub5 C4 0.05 0.997 0.05 0.09 ±0.01 0.08 ±0.01

LabA-Sub5 C5 0.02 0.997 0.02 0.02 ±0.004 0.02 ±0.003

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub4 C1 1.82 0.997 1.82 2.30 ±0.36 1.70 ±0.27

LabB-Sub4 C2 0.55 0.997 0.55 0.64 ±0.10 0.48 ±0.08

LabB-Sub4 C3 0.18 0.997 0.18 0.21 ±0.03 0.19 ±0.03

LabB-Sub4 C4 0.05 0.997 0.05 0.10 ±0.02 0.08 ±0.01

LabB-Sub4 C5 0.02 0.997 0.02 0.02 ±0.003 0.02 ±0.003

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub6 C1 1.79 0.997 1.79 0.84 ±0.13 0.84 ±0.13

LabC-Sub6 C2 0.54 0.997 0.54 0.41 ±0.06 0.32 ±0.05

LabC-Sub6 C3 0.18 0.997 0.18 0.14 ±0.02 0.12 ±0.02

LabC-Sub6 C4 0.05 0.997 0.05 0.04 ±0.01 0.03 ±0.005

LabC-Sub6 C5 0.02 0.997 0.02 0.02 ±0.002 0.01 ±0.002

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 

T 0h

 Benzophenone Concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)
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Laboratory A

LabA-Sub4 C1 58.95 0.980 57.77 63.67 ±3.95 50.54 ±3.13

LabA-Sub4 C2 17.68 0.980 17.33 21.56 ±1.34 17.79 ±1.10

LabA-Sub4 C3 5.89 0.980 5.78 6.30 ±0.39 7.08 ±0.44

LabA-Sub4 C4 1.77 0.980 1.73 3.23 ±0.20 2.81 ±0.17

LabA-Sub4 C5 0.59 0.980 0.58 0.89 ±0.06 0.80 ±0.05

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

 LabB-Sub6 C1 59.85 0.980 52.54 ±3.26 51.52 ±3.19

 LabB-Sub6 C2 17.95 0.980 20.25 ±1.26 16.64 ±1.03

 LabB-Sub6 C3 5.98 0.980 6.74 ±0.42 5.60 ±0.35

 LabB-Sub6 C4 1.80 0.980 3.11 ±0.19 1.86 ±0.12

 LabB-Sub6 C5 0.60 0.980 0.09 ±0.01 0.87 ±0.05

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub5 C1 57.31 0.980 56.16 83.29 ±5.16 81.52 ±5.05

LabC-Sub5 C2 17.19 0.980 16.85 26.03 ±1.61 26.84 ±1.66

LabC-Sub5 C3 5.73 0.980 5.62 8.86 ±0.55 8.15 ±0.51

LabC-Sub5 C4 1.72 0.980 1.68 3.05 ±0.19 3.17 ±0.20

LabC-Sub5 C5 0.57 0.980 0.56 0.94 ±0.06 1.12 ±0.07

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)
Sample

Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)

Nominal Value 

with correction 

by purity (μg/L)

Bisphenol S Concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity
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Laboratory A

LabA-Sub4 C1 14.75 0.980 14.46 15.93 ±0.99 12.65 ±0.78

LabA-Sub4 C2 4.43 0.980 4.34 5.40 ±0.33 4.45 ±0.28

LabA-Sub4 C3 1.48 0.980 1.45 1.58 ±0.10 1.77 ±0.11

LabA-Sub4 C4 0.44 0.980 0.43 0.81 ±0.05 0.70 ±0.04

LabA-Sub4 C5 0.15 0.980 0.14 0.22 ±0.01 0.201 ±0.01

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

 LabB-Sub6 C1 14.98 0.980 14.68 13.15 ±0.82 12.89 ±0.80

 LabB-Sub6 C2 4.49 0.980 4.40 5.07 ±0.31 4.17 ±0.26

 LabB-Sub6 C3 1.50 0.980 1.47 1.69 ±0.10 1.40 ±0.09

 LabB-Sub6 C4 0.45 0.980 0.44 0.78 ±0.05 0.47 ±0.03

 LabB-Sub6 C5 0.15 0.980 0.15 0.02 ±0.001 0.219 ±0.01

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub5 C1 14.34 0.980 14.06 20.85 ±1.29 20.40 ±1.27

LabC-Sub5 C2 4.30 0.980 4.22 6.52 ±0.40 6.72 ±0.42

LabC-Sub5 C3 1.43 0.980 1.41 2.22 ±0.14 2.04 ±0.13

LabC-Sub5 C4 0.43 0.980 0.42 0.76 ±0.05 0.79 ±0.05

LabC-Sub5 C5 0.14 0.980 0.14 0.23 ±0.01 0.281 ±0.02

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 

T 0h

 Bisphenol S Concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)
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Laboratory A

LabA-Sub6 C1 5.02 0.980 4.92 4.23 ±0.31 4.87 ±0.36

LabA-Sub6 C2 1.51 0.980 1.48 1.81 ±0.13 1.68 ±0.12

LabA-Sub6 C3 0.50 0.980 0.49 0.48 ±0.04 0.52 ±0.04

LabA-Sub6 C4 0.15 0.980 0.15 0.18 ±0.01 0.17 ±0.01

LabA-Sub6 C5 0.05 0.980 0.05 0.06 ±0.004 0.05 ±0.004

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub5 C1 5.01 0.980 4.91 3.96 ±0.29 4.09 ±0.30

LabB-Sub5 C2 1.50 0.980 1.47 1.35 ±0.10 1.27 ±0.09

LabB-Sub5 C3 0.50 0.980 0.49 0.44 ±0.03 0.40 ±0.03

LabB-Sub5 C4 0.15 0.980 0.15 0.16 ±0.01 0.16 ±0.01

LabB-Sub5 C5 0.05 0.980 0.05 0.04 ±0.003 0.06 ±0.004

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub4 C1 4.88 0.980 4.79 5.26 ±0.38 4.54 ±0.33

LabC-Sub4 C2 1.46 0.980 1.44 1.53 ±0.11 1.83 ±0.13

LabC-Sub4 C3 0.49 0.980 0.48 0.51 ±0.04 0.50 ±0.04

LabC-Sub4 C4 0.15 0.980 0.14 0.16 ±0.01 0.17 ±0.01

LabC-Sub4 C5 0.05 0.980 0.05 0.06 ±0.004 0.04 ±0.003

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)
Sample

Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)

Nominal Value 

with correction 

 Bisphenol F Concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity
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Laboratory A

LabA-Sub6 C1 1.00 0.980 0.98 0.85 ±0.06 0.98 ±0.07

LabA-Sub6 C2 0.30 0.980 0.30 0.36 ±0.03 0.34 ±0.02

LabA-Sub6 C3 0.10 0.980 0.10 0.10 ±0.007 0.10 ±0.008

LabA-Sub6 C4 0.03 0.980 0.03 0.04 ±0.003 0.03 ±0.003

LabA-Sub6 C5 0.01 0.980 0.01 0.01 ±0.001 0.011 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub5 C1 1.00 0.980 0.98 0.79 ±0.06 0.82 ±0.06

LabB-Sub5 C2 0.30 0.980 0.30 0.27 ±0.02 0.25 ±0.02

LabB-Sub5 C3 0.10 0.980 0.10 0.09 ±0.006 0.08 ±0.006

LabB-Sub5 C4 0.03 0.980 0.03 0.03 ±0.002 0.03 ±0.002

LabB-Sub5 C5 0.01 0.980 0.01 0.01 ±0.001 0.012 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub4 C1 0.98 0.980 0.96 1.05 ±0.08 0.91 ±0.07

LabC-Sub4 C2 0.29 0.980 0.29 0.31 ±0.02 0.37 ±0.03

LabC-Sub4 C3 0.10 0.980 0.10 0.10 ±0.007 0.10 ±0.007

LabC-Sub4 C4 0.03 0.980 0.03 0.03 ±0.002 0.03 ±0.002

LabC-Sub4 C5 0.01 0.980 0.01 0.01 ±0.001 0.009 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 

T 0h

Bisphenol F Concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)
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Laboratory A

LabA-Sub9 C1 10.01 0.982 9.83 10.60 ±0.64 1.49 ±0.09

LabA-Sub9 C2 3.00 0.982 2.95 2.57 ±0.15 0.58 ±0.035

LabA-Sub9 C3 1.00 0.982 0.98 1.16 ±0.07 <LQ  - 

LabA-Sub9 C4 0.30 0.982 0.29 0.34 ±0.02 <LQ  - 

LabA-Sub9 C5 0.10 0.982 0.10 0.12 ±0.007 <LQ  - 

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub11 C1 9.99 0.982 9.81 6.61 ±0.40 8.71 ±0.52

LabB-Sub11 C2 3.00 0.982 2.94 2.76 ±0.17 2.36 ±0.14

LabB-Sub11 C3 1.00 0.982 0.98 0.94 ±0.06 0.89 ±0.05

LabB-Sub11 C4 0.30 0.982 0.29 0.35 ±0.021 0.28 ±0.017

LabB-Sub11 C5 0.10 0.982 0.10 0.12 ±0.007 0.11 ±0.007

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub10 C1 9.82 0.982 9.64 7.59 ±0.46 7.79 ±0.47

LabC-Sub10 C2 2.94 0.982 2.89 2.16 ±0.13 2.14 ±0.13

LabC-Sub10 C3 0.98 0.982 0.96 1.31 ±0.08 0.77 ±0.05

LabC-Sub10 C4 0.29 0.982 0.29 0.26 ±0.016 0.26 ±0.016

LabC-Sub10 C5 0.10 0.982 0.10 0.09 ±0.005 0.09 ±0.005

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Dihydrotestosterone Concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)

T 24h

Measured concentration (µM) Measured concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction 

T 0h
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Laboratory A

LabA-Sub9 C1 2.91 0.982 2.86 3.08 ±0.18 0.43 ±0.026

LabA-Sub9 C2 0.87 0.982 0.86 0.75 ±0.04 0.17 ±0.010

LabA-Sub9 C3 0.29 0.982 0.29 0.34 ±0.02 <LQ  - 

LabA-Sub9 C4 0.09 0.982 0.09 0.10 ±0.006 <LQ  - 

LabA-Sub9 C5 0.03 0.982 0.03 0.03 ±0.002 <LQ  - 

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub11 C1 2.90 0.982 2.85 1.92 ±0.12 2.53 ±0.15

LabB-Sub11 C2 0.87 0.982 0.85 0.80 ±0.05 0.69 ±0.04

LabB-Sub11 C3 0.29 0.982 0.28 0.27 ±0.02 0.26 ±0.02

LabB-Sub11 C4 0.09 0.982 0.09 0.10 ±0.006 0.08 ±0.005

LabB-Sub11 C5 0.03 0.982 0.03 0.04 ±0.002 0.033 ±0.002

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub10 C1 2.85 0.982 2.80 2.20 ±0.13 2.26 ±0.14

LabC-Sub10 C2 0.86 0.982 0.84 0.63 ±0.04 0.62 ±0.04

LabC-Sub10 C3 0.29 0.982 0.28 0.38 ±0.02 0.22 ±0.01

LabC-Sub10 C4 0.09 0.982 0.08 0.08 ±0.005 0.08 ±0.005

LabC-Sub10 C5 0.03 0.982 0.03 0.03 ±0.002 0.02 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 0h

Dihydrotestosterone  Concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 
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Laboratory A

LabA-Sub7 C1 1.01 1.01 1.12 ±0.07 0.97 ±0.06

LabA-Sub7 C2 0.30 0.30 0.35 ±0.02 0.81 ±0.05

LabA-Sub7 C3 0.10 0.10 0.13 ±0.01 0.13 ±0.01

LabA-Sub7 C4 0.03 0.03 0.04 ±0.003 0.04 ±0.003

LabA-Sub7 C5 0.01 0.01 0.01 ±0.001 0.02 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub9 C1 1.00 1.00 0.91 ±0.06 0.91 ±0.06

LabB-Sub9 C2 0.30 0.30 0.31 ±0.02 0.33 ±0.02

LabB-Sub9 C3 0.10 0.10 0.11 ±0.01 0.12 ±0.01

LabB-Sub9 C4 0.03 0.03 0.04 ±0.003 0.04 ±0.003

LabB-Sub9 C5 0.01 0.01 0.01 ±0.001 0.01 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub11 C1 0.99 0.99 0.92 ±0.06 0.99 ±0.06

LabC-Sub11 C2 0.30 0.30 0.29 ±0.02 0.35 ±0.02

LabC-Sub11 C3 0.10 0.10 0.16 ±0.01 0.15 ±0.01

LabC-Sub11 C4 0.03 0.03 0.05 ±0.003 0.05 ±0.003

LabC-Sub11 C5 0.01 0.01 0.02 ±0.001 0.02 ±0.001

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 24h

Measured concentration (µM) Measured concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction 

T 0h

Levonorgestrel Concentration (µM)

Sample
Nominal concentration 

(µM)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (µM) Measured concentration (µM)
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Laboratory A

LabA-Sub7 C1 0.315 1.000 0.315 0.350  ±0.023 0.304 ±0.020

LabA-Sub7 C2 0.095 1.000 0.095 0.108 ±0.007 0.252 ±0.016

LabA-Sub7 C3 0.032 1.000 0.032 0.041 ±0.003 0.040 ±0.003

LabA-Sub7 C4 0.009 1.000 0.009 0.013 ±0.001 0.013 ±0.001

LabA-Sub7 C5 0.003 1.000 0.003 0.004 ±0.0003 0.005 ±0.0003

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

LabB-Sub9 C1 0.313 1.000 0.313 0.283 ±0.018 0.285 ±0.019

LabB-Sub9 C2 0.094 1.000 0.094 0.098 ±0.006 0.103 ±0.007

LabB-Sub9 C3 0.031 1.000 0.031 0.035 ±0.002 0.037 ±0.002

LabB-Sub9 C4 0.009 1.000 0.009 0.013 ±0.001 0.012 ±0.001

LabB-Sub9 C5 0.003 1.000 0.003 0.004 ±0.0003 0.004 ±0.0003

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

LabC-Sub11 C1 0.308 1.000 0.308 0.286 ±0.019 0.309 ±0.020

LabC-Sub11 C2 0.092 1.000 0.092 0.090 ±0.006 0.109 ±0.007

LabC-Sub11 C3 0.031 1.000 0.031 0.050 ±0.003 0.048 ±0.003

LabC-Sub11 C4 0.009 1.000 0.009 0.017 ±0.001 0.016 ±0.001

LabC-Sub11 C5 0.003 1.000 0.003 0.005 ±0.0003 0.005 ±0.0004

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)

Sample
Nominal concentration 

(mg/L)
Standard purity

Nominal Value 

with correction 

T 0h

Levonorgestrel Concentration (mg/L)

Sample
Nominal concentration 

(µg/L)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (mg/L) Measured concentration (mg/L)
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Laboratory A

Lab A EE2 S1,2,3 0.05 0.98 0.05 0.05 ±0.002 0.05 ±0.003

Lab A EE2 S4,5,6,7 0.05 0.98 0.05 0.05 ±0.003 0.06 ±0.003

Lab A EE2 S8,9,10,11 0.05 0.98 0.05 0.06 ±0.003 0.08 ±0.004

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

Lab B EE2 S1,2,3 0.05 0.98 0.05 0.06 ±0.003 0.05 ±0.003

Lab B EE2 S4,5,6,7 0.05 0.98 0.05 0.04 ±0.002 0.03 ±0.002

Lab B EE2 S8,9,10,11 0.05 0.98 0.05 0.04 ±0.002 0.04 ±0.002

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

Lab C EE2 S1,2 0.05 0.98 0.05 0.06 ±0.003 0.06 ±0.003

Lab C EE2 S3,4,5 0.05 0.98 0.05 0.06 ±0.003 0.05 ±0.003

Lab C EE2 S6,7,8 0.05 0.98 0.05 0.05 ±0.003 0.06 ±0.003

Lab C EE2 S9,10,11 0.05 0.98 0.05 0.05 ±0.003 0.09 ±0.005

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 0h T 24h

Measured concentration (nM) Measured concentration (nM)
Sample

Nominal concentration 

(nM
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (nM) Measured concentration (nM)

Nominal Value 

with correction 

17α-Ethinylestradiol Concentration (nM)

Sample
Nominal concentration 

(nM)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (nM) Measured concentration (nM)

Sample
Nominal concentration 

(nM)
Standard purity
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Laboratory A

Lab A EE2 S1,2,3 14.74 0.98 14.44 14.12 ±0.73 15.10 ±0.79

Lab A EE2 S4,5,6,7 14.74 0.98 14.44 15.38 ±0.80 16.64 ±0.87

Lab A EE2 S8,9,10,11 14.74 0.98 14.44 16.61 ±0.86 24.23 ±1.26

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory B

Lab B EE2 S1,2,3 14.90 0.98 14.60 16.34 ±0.85 14.93 ±0.78

Lab B EE2 S4,5,6,7 14.90 0.98 14.60 12.08 ±0.63 10.17 ±0.53

Lab B EE2 S8,9,10,11 14.90 0.98 14.60 12.91 ±0.67 13.00 ±0.68

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

Laboratory C

Lab C EE2 S1,2 14.65 0.98 14.35 16.63 ±0.86 19.06 ±0.99

Lab C EE2 S3,4,5 14.65 0.98 14.35 18.29 ±0.95 16.06 ±0.84

Lab C EE2 S6,7,8 14.65 0.98 14.35 15.15 ±0.79 17.34 ±0.90

Lab C EE2 S9,10,11 14.65 0.98 14.35 15.93 ±0.83 26.34 ±1.37

Control 0  -  - < LD  - < LD  - 

Control DMSO 0  -  - < LD  - < LD  - 

T 24h

Measured concentration (ng/L) Measured concentration (ng/L)

Sample
Nominal concentration 

(ng/L)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (ng/L) Measured concentration (ng/L)

Sample
Nominal concentration 

(ng/L)
Standard purity

Nominal Value 

with correction 

T 0h

17α-Ethinylestradiol  Concentration (ng/L)

Sample
Nominal concentration 

(ng/L)
Standard purity

Nominal Value 

with correction 

T 0h T 24h

Measured concentration (ng/L) Measured concentration (ng/L)
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ANNEX 8: nominal vs measured concentrations  

Percent of the target nominal concentrations measured at T0 and T24 (prior to the renewal of the medium) and 

calculation of the time-weighted mean concentrations.  
      % Nominal  

    
Nominal 

concentration  T0 T24 
time-weighted 
mean conc. 

Diclofenac (µM)  Lab A 10.03 109 100 10.45 
    3.01 100 93 2.90 
    1.00 103 93 0.98 
    0.30 105 106 0.32 
    0.10 106 102 0.10 

  Lab B 10.02 90 85 8.74 
    3.00 80 53 1.98 
    1.00 74 60 0.67 
    0.30 92 72 0.24 
    0.10 91 71 0.08 

  Lab C 9.79 72 72 7.06 
    2.94 64 57 1.77 
    0.98 78 72 0.73 
    0.29 84 67 0.22 
    0.10 100 71 0.08 

Triclosan (µM)  Lab A 10.00 63 80 7.11 
    3.00 84 77 2.41 
    1.00 65 53 0.59 
    0.30 79 50 0.19 
    0.10 71 48 0.06 

  Lab B 10.02 90 85 8.74 
    3.00 80 53 1.98 
    1.00 74 60 0.67 
    0.30 92 72 0.24 
    0.10 91 71 0.08 

  Lab C 9.79 72 72 7.06 
    2.94 64 57 1.77 
    0.98 78 72 0.73 
    0.29 84 67 0.22 
    0.10 100 71 0.08 

2,4-
dihydroxybenzophenone Lab A 10.01 81 92 8.64 

(µM)    3.00 95 93 2.84 
    1.00 83 82 0.83 
    0.30 83 86 0.25 
    0.10 68 66 0.07 

  Lab B 10.00 91 93 9.20 
    3.00 106 98 3.06 
    1.00 108 109 1.08 
    0.30 118 110 0.34 
    0.10 126 116 0.12 

  Lab C 9.86 109 106 10.62 
    2.96 117 102 3.22 
    0.99 114 104 1.07 
    0.30 113 103 0.32 
    0.10 105 98 0.10 
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ANNEX 8: nominal vs measured concentrations (continued) 

      % Nominal  

    
Nominal 

concentration  T0 T24 
time-weighted 
mean conc. 

Norethindrone (nM) Lab A 101.43 82 97 90.22 

    30.43 98 101 30.29 

    10.14 101 100 10.16 

    3.04 119 123 3.69 

    1.01 110 108 1.10 

  Lab B 100.11 91 87 88.92 

    30.03 99 43 20.22 

    10.01 99 102 10.06 

    3.00 109 108 3.25 

    1.00 110 110 1.10 

  Lab C 98.03 115 79 93.98 

    29.41 119 113 34.11 

    9.80 133 94 11.00 

    2.94 135 114 3.66 

    0.98 123 99 1.09 

17b Trenbolone (µM)  Lab A 10.07 95 71 8.27 

    3.02 91 83 2.64 

    1.01 91 72 0.82 

    0.30 108 93 0.30 

    0.10 148 101 0.12 

  Lab B 9.99 87 77 8.20 

    3.00 84 78 2.42 

    1.00 87 87 0.87 

    0.30 88 109 0.29 

    0.10 95 111 0.10 

  Lab C 9.89 86 52 6.66 

    2.97 95 67 2.39 

    0.99 95 66 0.78 

    0.30 94 77 0.25 

    0.10 74 50 0.06 

11 Ketotestosterone 
(nM) Lab A 1004.93 96 106 1017.72 

    301.48 107 112 330.81 

    100.49 133 103 118.27 

    30.15 149 78 33.16 

    10.05 148 59 9.68 

  Lab B 999.97 94 88 910.20 

    299.99 112 74 275.43 

    100.00 101 102 101.27 

    30.00 126 108 34.91 

    10.00 102 119 11.04 

  Lab C 967.72 115 96 1019.42 

    290.32 110 117 330.21 

    96.77 165 95 122.90 

    29.03 126 185 44.50 

    9.68 133 133 12.84 
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ANNEX 8: nominal vs measured concentrations (continued) 

      % Nominal  

    
Nominal 

concentration  T0 T24 
time-weighted 
mean conc. 

Benzophenone (µM)  Lab A 9.97 83 119 9.94 

    2.99 111 144 3.79 

    1.00 75 88 0.81 

    0.30 163 147 0.46 

    0.10 137 97 0.12 

  Lab B 10.01 126 93 10.90 

    3.00 116 89 3.06 

    1.00 117 104 1.10 

    0.30 182 153 0.50 

    0.10 114 105 0.11 

  Lab C 9.83 47 47 4.62 

    2.95 76 60 2.00 

    0.98 77 65 0.69 

    0.29 65 57 0.18 

    0.10 84 73 0.08 

Bisphenol S (µM)  Lab A 58.95 108 86 56.85 

    17.68 122 101 19.62 

    5.89 107 120 6.68 

    1.77 183 159 3.01 

    0.59 151 136 0.84 

  Lab B 59.85 88 86 52.03 

    17.95 113 93 18.39 

    5.98 113 94 6.15 

    1.80 173 104 2.43 

    0.60 15 146 0.35 

  Lab C 57.31 145 142 82.40 

    17.19 151 156 26.44 

    5.73 155 142 8.50 

    1.72 177 185 3.11 

    0.57 163 196 1.03 

Bisphenol F (µM)  Lab A 5.02 84 97 4.54 

    1.51 120 111 1.74 

    0.50 96 104 0.50 

    0.15 117 116 0.17 

    0.05 113 108 0.06 

  Lab B 5.01 79 82 4.02 

    1.50 90 85 1.31 

    0.50 88 79 0.42 

    0.15 106 103 0.16 

    0.05 86 118 0.05 

  Lab C 4.88 108 93 4.89 

    1.46 104 125 1.67 

    0.49 104 102 0.50 

    0.15 106 114 0.16 

    0.05 125 88 0.05 
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ANNEX 8: nominal vs measured concentrations (continued) 

      % Nominal  

    
Nominal 

concentration  T0 T24 
time-weighted 
mean conc. 

Dihydrotestosterone 
(µM)  Lab A 10.01 106 15 4.65 

    3.00 86 19 1.34 

    1.00 116 0 0.16 

    0.30 113 0 0.06 

    0.10 118 1 0.02 

  Lab B 9.99 66 87 7.61 

    3.00 92 79 2.56 

    1.00 95 89 0.92 

    0.30 116 94 0.31 

    0.10 123 112 0.12 

  Lab C 9.82 77 79 7.69 

    2.94 73 73 2.15 

    0.98 133 79 1.02 

    0.29 88 88 0.26 

    0.10 93 88 0.09 

Levonorgestrel (µM)  Lab A 1.01 111 96 1.05 

    0.30 114 266 0.54 

    0.10 131 126 0.13 

    0.03 133 137 0.04 

    0.01 142 149 0.01 

  Lab B 1.00 91 91 0.91 

    0.30 105 110 0.32 

    0.10 113 120 0.12 

    0.03 136 126 0.04 

    0.01 137 142 0.01 

  Lab C 0.99 93 100 0.95 

    0.30 97 118 0.32 

    0.10 163 155 0.16 

    0.03 181 177 0.05 

    0.01 168 177 0.02 

Ethinylestradiol (nM) Lab A 0.05 96 103 0.049 

    0.05 104 113 0.054 

    0.05 113 164 0.068 

  Lab B 0.05 110 100 0.053 

    0.05 81 68 0.037 

    0.05 87 87 0.044 

  Lab C 0.05 114 130 0.060 

    0.05 125 110 0.058 

    0.05 103 118 0.055 

    0.05 109 180 0.070 
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