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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maint

des

different types of ISO documents should be noted. This document was drafted in accordan
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atténtion is drawn to the possibility that some of the elements of this document may be thg

pat

any|patent rights identified during the development of the document will.be'in the Introducf
on thhe ISO list of patent declarations received (see www.iso.org/patents}):
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cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee

ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg

Stitute an endorsement.

an explanation on the voluntary nature of standards;. the meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[ld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
L: www.iso.org/iso/foreword.html.

ogical methods.
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5 document was prepared by Technical Commiittee 1ISO/TC 147, Water quality, Subcomnpittee SC 5,
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Water quality — Determination of the estrogenic potential

of

water and waste water —

Part 1:
Yeast estrogen screen (Saccharomyces cerevisiae)

W,

Thils document does not purport to address all of the safety problems, if any, associats

use

IMFPORTANT — It is absolutely essential that tests conducted in accordance-with this

be ¢

Thi
was
cerd

Thi

The
8 n
intd
120
thig
san

NING — Persons using this document should be familiar with normal laborator

. It is the responsibility of the user to establish appropriate safety and health'pract
farried out by suitably trained staff.

Scope

5 document specifies a method for the determination of the-estrogenic potential of
te water by means of a reporter gene assay with genetically'modified yeast strains Sac
visiae. This reporter gene assay is based on the activation’ of the human estrogen recept

5 method is applicable to:

fresh water;

waste water;

aqueous extracts and leachates;

eluates of sediments (fresh water);

pore water;

aqueous solutions of sipgle’substances or of chemical mixtures;
drinking water.

limit of quantification (LOQ) of this method for the direct analysis of water samples
g/l and 15/ng/l 17F-estradiol equivalents (EEQ) based on the results of the in
rlaboratoryrtrial (see Annex F). The upper threshold of the dynamic range for this test
ng/l and 160 ng/1 17B-estradiol equivalents (EEQ). Samples showing estrogenic poter

y practice.
pd with its
ices.

document

water and
tharomyces
r alpha.

is between
fernational
is between
cies above

threshoeld have to be diluted for a valid quantification. Extraction and pre-concentratign of water

plésican prove necessary, if their estrogenic potential is below the given LOQ.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO
ISO

3696, Water for analytical laboratory use — Specification and test methods

7027, Water quality — Determination of turbidity

© ISO 2018 - All rights reserved
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3 Term

s and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

31

ISO Online browsing platform: available at http://www.iso.org./obp

[EC Electropedia: available at http://www.electropedia.org/

blank reph

additional
of a samplg

[SOURCE: ]

3.2
culture m
nutrients g

[SOURCE: 1

3.3
dilution le
D
denominat
with diluti

Note 1 to en
smallest po
final total v

TTactT

Feplicate that contains no test organism, butis treated in the same way as the other replic

SO 10872:2010, 3.5]

bdium

SO 6107-6:2004, 24]

vel

pr of the dilution coefficient (using the numerator 1).of a mixture of water or waste w
bn water as integral number

try: For undiluted water or waste water, this coefficient per definition is 1-1. The corresponding
bsible value of D is 1. In this document, the arrow’indicates the transition from initial total volumn
blume.

[SOURCE: ISO 6107-6:2004, 28]

34

dilution water

water addgd to the test sample to prepare a series of defined dilutions
[SOURCE: ISO 20079:2005, 3.7]

3.5

50 % effeqt concentration

ECso

concentratfion of a compound which causes 50 % of an effect

Note 1 to en|

try: Ifrthe sense of this document, the ECsq is the concentration of a compound which induces 50

resented in a form and phase (liquid or solidified) which support microbiological growtl

htes

hter

and
e to

o of

the maximaII reperter gene activity which can be achieved by this compound.

3.6

field blank

container prepared in the laboratory, using reagent water or other blank matrix, and sent with the
sampling personnel for exposure to the sampling environment to verify possible contamination during
sampling

[SOURCE: ISO 11074:2015, 4.5.3]

© ISO 2018 - All rights reserved
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3.7

induction rate

quotient of the mean signal measured after exposure to a dose of the test sample or with a positive
control, and the mean signal measured for the negative control using the same experimental conditions

[SOURCE: ISO 6107-6:2004, 43, modified — “corrected absorbance” replaces “mutant colonies”; “wells”

» o«

replaces “corresponding plates”, “quotient” replaces “difference”.]

3.8

inoculum
fraction of a culture of microorganisms used to start a new culture, or an exponentially growing
prefulture, in fresh medium

[SOPRCE: ISO 6107-6:2004, 44]

3.9
limjit of quantification
LO(E

lowest value of a determinant that can be determined with an acceptable level of accuracy and precision

[SOPRCE: ISO 15839:2003, 3.18]

st dilution within a test batch which does not show"any effect, i.e. no statistically |significant

[SOPRCE: ISO 11350:2012, 3.4, modified — “increase in the reporter gene activity” replacep “increase

refeérence compound
compound with one or More property values that are sulficiently reproduct
enable the calibration of the measurement method

€ and well established to

[SOURCE: ISO 7405:2008, 3.6, modified — “compound” replaces “material”’; “the calibration of the
measurement method” replaces “use of the material or substance for the calibration of an apparatus,
the assessment of a measurement method or for the assignment of values to materials”.]

3.14
reporter gene activity
quantitative activity of a gene attached to the promoter sequence of another gene

© ISO 2018 - All rights reserved 3
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3.15

stock culture
culture of a strain of organisms maintained under conditions to preserve original features such as

nucleotide
[SOURCE: I
3.16

sequences

S0 6107-6:2004, 87]

test sample
undiluted, diluted or otherwise prepared portion of a sample to be tested, after completion of all
preparation steps such as centrifugation, filtration, homogenization, pH adjustment and determination

of ionic str

[SOURCE: I

4 Pringiple

The Yeast

bngth
SO 6107-6:2004, 92]

Estrogen Screen (YES) is a reporter gene assay which can be used for"the measuremer

t of

the activation of the human estrogen receptor alpha (hERa) in the presencelof a sample contaifing

compound

By this me
integral me
process of

The basic
expressed

5 which activate the estrogen receptor (ER).

ans the assay detects the estrogenic activity of the whole sample in its actual state a
basure including possible additive, synergistic and antagonistic mixture-effects on the wl
Lhe reporter gene expression.

oncept of such assays is explained in References [10]‘and [11]. The hERa is heterologo
n the yeast cell under control of a copper dependentpromoter. The estrogen receptor beld

to the family of nuclear hormone receptors. If agonists of the‘estrogen receptor enter the yeast cell, {
bind to th¢ estrogen receptor protein and thus induge;its conformational change. As a conseque
or proteins form a receptor dimer which-translocates to the nucleus. This activation of]

two recep
estrogen r

B-galactosidase. The lacZ is fused to a promoter-containing estrogen responsive elements (ERE)

is thus con
by this act
measure fd
is cleaved

Annex C fo

bceptor is measured by the induction:gfithe reporter gene lacZ which encodes the enz}

trolled by the activity of the estrogen receptor. The ER-dimer binds to the promoter
vates the expression of the -galactosidase. Finally, the activity of the -galactosidase

an
nole

1sly
ngs
hey
nce
the
'me
and
and
hs a

r the estrogenic potential of the sample is determined using an appropriate substrate which

0 a coloured reaction prgduct. The reaction product can be measured photometrically.
I a scheme of the test principle.

See

5 Interferences

Coloured gr turbid saniples might interfere with the photometric detection of cell density and/or|the
detection ¢f the redction product of the reporter enzyme f-Galactosidase (see Clause 10 for further
informatioh).

Toxic effedts-of the test sample may lead to a reduction of viable cells and to a reduction of|the
measurablest ' ' ects

leading to false negative test results (see Clause 10 for further information).

High salinity can cause toxic effects due to the resulting osmotic pressure. The conductivity of the
sample is a measure for its salinity. The yeast strain constructed by McDonnell et al. (Reference [10])
tolerates a conductivity of the sample up to 34 000 uS/cm.

Bacterial growth in the test wells is assessed by the blank replicate (3.1). See Clause 10 for further
information.

If filtered samples are tested in order to remove bacteria from the sample, solid particles are separated
from the sample also. Thus, substances with estrogenic activity which are adsorbed on particles might
not be detected.

© ISO 2018 - All rights reserved
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Due to the high sensitivity of this test avoid any contamination of buffer, media and all reagents used
with compounds exhibiting estrogenic activity to avoid false positive test results.

6

Apparatus and materials

For suitable sampling devices see Clause 8. Usual laboratory apparatus and glassware is required. In
particular, the following material is needed:

well plates

t+ 20 nm or

6.1 Incubator shaker, temperature- and time-controlled, 30 °C + 1 °Cand 37 °C + 1 °C.
6.2| pH meter.

6.3| Steam sterilizer.

6.4| Dry sterilizer.

6.5| Centrifuge, with a rotor for 15 ml and 50 ml tubes up to 2 500 g and with a rotor for 96
up 4o 2 500 g.

6.6 Rotary mixer.

6.7| Freezer, atleast <-18 °C and <-70 °C.

6.8| Sterile filter, cellulose acetate, 0,2 um pore size.

6.9 Inoculation loops.

6.10) Multi-channel multistepper pipette (repeater pipette).

6.11 Multi-channel pipettes, 5 pl to 50 pl and 50 pl to 300 pl.

6.12 Spectrophotometer.

6.13 Transparent sterile polystyrene 96-well plates, for suspension cultures with flat botfom and lid.
6.14 Microplate-photometer for 96-well plates, for absorbance measurement at 540 nm
580 nm * 20amiand at 600 nm * 20 nm.

6.1

b Clean bench.

6.16 Petri dishes, diameter approximately 94 mm, height approximately 16 mm.

6.17 Cryogenic vials, sterile, 1 ml, 10 ml.

6.18 Disposable nitrile gloves.

6.19 Air-permeable sealing membranes for 96-well plates.

© ISO 2018 - All rights reserved
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7 Reagents, media and test strain

7.1 Reagents

As far as possible, use "reagent grade" chemicals.

7.1.1

7.1.2

7.1.3

7.1.4

7.1.5

7.1.6

169,11 g/

7.1.7

7.1.8

7.1.9

7.1.10

7.1.11

7.1.12

7.1.13

7.1.14

7.1.15

7.1.16

7.1.17

7.1.18

7.1.19

Yeast nitrogen base without amino acids?).

a-D-Glucose, anhydrous, CgH1206, molecular weight 180,15 g/mol, CAS: 50-99-7.

Ad

pnine, CsHsNs, molecular weight 135,13 g/mol, CAS: 73-24-5.

L-arginine, CcH14N407, molecular weight 174,20 g/mol, CAS: 74-79-3.

L-aspartic acid, C4H7NO4, molecular weight 133,10 g/mol, CAS: 56-84-8.

L-

L-h
L-i9
L-1¢

L-1

ol, CAS: 142-47-2 (anhydrous basis).

istidine-HCI, CcH9N302-HCl-H20, molecular weight 209,6 g/rol, CAS: 5934-29-2.
soleucine, CoH13NO2, molecular weight 131,17 g/mol, €AS: 73-32-5.

pucine, CgH13N02, molecular weight 131,17 g/mol;CAS: 61-90-5.

rsine-HCI, CgH14N2072-HCl, molecular weight182,65 g/mol, CAS: 657-27-2.

L-methionine, CsH11NO3S, molecular weéight 149,21 g/mol, CAS: 63-68-3.

L-phenylalanine, C9H11NO7, molecular weight 165,19 g/mol, CAS: 63-91-2.

erine, C3H7NO3, molecular-weight 105,09 g/mol, CAS: 56-45-1.
hreonine, C4HoNQ537molecular weight 119,12 g/mol, CAS: 72-19-5.
yrosine, CoH31NO3, molecular weight 181,19 g/mol, CAS: 60-18-4.

aline, €5F711NO7, molecular weight 117,15 g/mol, CAS: 72-18-4.

utamic acid monosodium salt hydrate, CsHgNNaO4-H0, molecular weight (anhydr¢us)

Co

bper(Il) sulfate pentahydrate, CuS04-5H,0, molecular weight 249,69 g/mol, CAS: 7758-9

Ampicillin sodium salt, C1gH1gN3Na04S, molecular weight 371,39 g/mol, CAS: 69-52-3.

Streptomycin sulfate salt, Cz1H39N7012:1,5H2S04,

CAS: 3810-74-0.

7.1.20 Agar for microbiology, (C12H1809)n, CAS: 9002-18-0.

molecular weight 728,69 g/mol,

1) Yeast nitrogen base without amino acids contains a nitrogen source such as ammonium sulfate, vitamins and
trace elements which are required for growth of yeast cells. Yeast nitrogen base without amino acids is used for the
selection of yeast strains depending on requirements for carbon sources and amino acids.

6
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7.1.21 Hydrochloric acid solution, 1 M (HCI), molecular weight 36,46 g/mol, CAS: 7647-01-0.
7.1.22 Sodium hydroxide, NaOH, molecular weight 40,00 g/mol, CAS: 1310-73-2.

7.1.23 Ethanol, 299,8 %, CH3CH20H, molecular weight 46,07 g/mol, CAS: 64-17-5.

7.1.24 Glycerol for molecular biology, 299 %, HOCH,CH(OH)CH20H, molecular weight 92,09 g/mol,
CAS: 56-81-5.

7.1]26 Disodium hydrogen phosphate dihydrate, Na,HPO4-2H,0, molecular weight'177,99 g/mol,
CAY: 10028-24-7.

7.1{27 Sodiumdihydrogen phosphate monohydrate, NaH;P04-H20, molectilar weight 137,99 g/mol,
CAY: 10049-21-5.

7.1128 Potassium chloride, KCl, molecular weight 74,55 g/mol, CAS:\7447-40-7.

7.1]29 Magnesium sulfate heptahydrate, MgS04-7H20;<molecular weight 246,47 g/mol,
CAY: 10034-99-8.

7.1)30 Chlorophenolred-§-D-galactopyranoside (CPRG), C25H22Cl2010S, molecular weighit 585,41 g/
mol, CAS: 99792-79-7.

7.1)31 Lyticase from Arthrobacter Iluteus“lyophilized powder, 22 000 units/mg protein,
CA§: 37340-57-1.

7.1132 DL-Dithiothreitol, HSCH,CH(OH)CH(OH)CH2SH, molecular weight 154,25 g/mol, LAS: 3483-
12-B.

7.1)33 Sodium dodecyl sulfate, CH3(CH2)110S03Na, molecular weight 288,38 g/mol, CAS: 151-21-3.
7.1{34 Aceton (purissp;a), CH3COCH3, molecular weight 58,08 g/mol, CAS: 67-64-1.

7.2] Water, grade 3, as defined in ISO 3696; water with a conductivity up to 5 uS/cm is acceptable.

If sterile water is needed, autoclave or sterilize by filtration (cellulose acetate, 0,2 pm}. Water as
spefified here€ is also used for the stepwise dilution of the test sample.

7.3| “Test strain.

The generation of the test strain is described in References [10] and [11]. It is derived from the strain
Saccharomyces cerevisiae B]3505 (protease deficient, MATa, PEP4::HIS3, prb-1-deltal.6R, HIS3-delta200,
lys2-801, trpl-deltal01, ura3-52gal2canl). This strain harbours two plasmids. The construction of
these plasmids is described in Reference [10]. The plasmid YEPE10 contains the CUP1::hER fusion which
encodes the human estrogen receptor a cloned from the MCF-7 human cell lineage under the control
of the metallothionein promoter CUPI1. This plasmid is selected via the tryptophane auxothropy of
the parent strain. The second plasmid is the reporter plasmid YRPEG3 which contains the fusion gene
2ERE-CyC1:lacZ. This fusion gene expresses the f-galactosidase (encoded by lacZ) under the control
of the isolcytochrom c promoter from S. cerevisiae which is fused to two copies of the vitellogenin A2-
gene from Xenopus laevis. This plasmid is selected via the uracil auxothropy of the parent strain.

© ISO 2018 - All rights reserved 7
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7.4 Media.

If required autoclave for 20 min at 121 °C £ 2 °C. Cover the vessels loosely (e.g. with aluminium foil).

Never seal

air-tight.

7.4.1 10xSD-Medium.

Dissolve 67,0 g yeast nitrogen base without amino acids (7.1.1) and 200 g glucose (7.1.2) in water (7.2)
and adjust the final volume with water (7.2) to 1 1. Sterilize the solution by filtration (cellulose acetate,
0,2 pm). Do not autoclave the solution because it contains vitamins such as Biotin. Store the solution in

50 ml aliqu

7.4.2 10
Dissolve
175 m

— 120m

in water (7

Sterilize by

otsinthedarkat<-18°Cno 1nngpr than 12 months

K McD-DO-Medium (McDonnell).

b L-lysine-HCI (7.1.10);
b L-histidine-HCI (7.1.7);
12) and adjust the final volume with water (7.2) to 500 ml.

r filtration (cellulose acetate, 0,2 pm) and store aliquots of 40 ml in the dark at <-18 °

longer than six months.

7.4.3 Gly
Dissolve
— 144 ¢

in water (7

Sterilize by
8 °Cno lon

744 Cu
Dissolve 25

Autoclave {

7.4.5 An

Dissolve 1
to 10 ml.

jcose solution.

a-D-Glucose (7.1.2)
12) and adjust the final volume with water (7.2) to 500 ml.

filtration (cellulose acetate, 0,2 pum)or autoclave and store the solution in the dark at 2 °
ber than 12 months.

504 solution, 10 mmol/L
0 mg CuS04-5H20 (74.17) in water (7.2) and adjust the final volume with water (7.2) to 100

he solution. Thesplution may be used up to 12 months at room temperature.

picillin stoek solution.

no

C to

ml.

o ampicillin sodium salt (7.1.18) in water (7.2) and adjust the final volume with water (7.2

Sterilize the solution by filtration (cellulose acetate, U,Z pmJ and store I ml aliquots in the dar

<-18°Cno

7.4.6 Str

longer than 12 months.

eptomycin stock solution.

K at

Dissolve 1 g streptomycin sulfate salt (7.1.19) in water (7.2) and adjust the final volume with water (7.2)

to 10 ml.

Sterilize the solution by filtration (cellulose acetate, 0,2 um) and store 1 ml aliquots in the dark at

<-18°Cno

longer than 12 months.

© ISO 2018 - All rights rese
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7.4.7 Growth medium (McDonnell).

Add

— 10 ml 10x SD-Medium (7.4.1);

— 10 ml 10x McD-DO-Medium (McDonnell, 7.4.2);

to 80 ml sterile water (7.2) under sterile conditions. Split the medium in 20 ml aliquots. Store the medium
in the dark at 2 °C to 8 °C no longer than one week or in the dark at <-18 °C no longer than six months.

7.4[8  Exposure medium (McDonnell].
Mix
— [4,2ml 10x SD-Medium (7.4.1);

— 14,2 ml 10x McD-DO-Medium DO-Medium (7.4.2);

— |1,6 ml Glucose solution (7.4.3);

— 199 ul CuSOg4-solution (7.4.4);
— |67 ul Ampicillin stock solution (7.4.5);
— |67 ul Streptomycin stock solution (7.4.6).

Prepare the exposure medium immediately before use. A'volume of 5 ml per 96-well plate is|required.

7.4{9 Aqueous solution of ethanol, volume fraction 0,3 %.

Add sterile water (7.2) to 300 pl ethanol (7.1.23) to a final volume of 100 ml.

7.4{10 Aqueous solution of glycerol, volume fraction 30 %.

Add water (7.2) to 3 ml glycerol (7.1:24) to a final volume of 10 ml. Sterilize the solution bjy filtration
(Cellulose acetate, 0,2 um) or autoclave.

7.4{11 17f-estradiol (E2) stock solution.

Disgsolve 50 mg 17B-estradiol (E2) (7.1.25) in ethanol (7Z1.23) and adjust the final vdlume with
ethanol (7.1.23) te~10'ml. Store the stock solution in aliquots of 1 ml in the dark at < -18 °C no longer
thah 12 months¢

7.4112 laeZbuffer.

Dissalve'in 950 ml of water (7.2):

— 10,67 g NapHPO4-2H0 (7.1.26);
— 0,75 g KCl (7.1.28);
— 0,25 g MgS04-7H20 (7.1.29).

Before the adjustment of the pH the solution might be turbid. Adjust the pH to pH = 7,0 + 0,2 by the
addition of NaH;P04-H0 (7.1.27) (approximately 5,5 g).

Add and dissolve
— 1 gsodium dodecyl sulfate (7.1.33).

© ISO 2018 - All rights reserved 9
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Adjust the final volume to 1 000 ml with water (7.2). Store the solution at room temperature no longer
than six months.

7.4.13 lacZ reaction mixture

Add and dissolve per ml lacZ buffer:

0,4 mg

chlorophenolred-f-D-galactopyranoside (CPRG) (7.1.30);

250 U Lyticase (7.1.31);

0,154

For one 9
immediate

Different b
lyticase ne

Miyticag
where

Miytica
As

8 Samp

8.1 Gen

This claus
estrogenic

8.2 Bottles and material fer sampling

Use clean
photo-degi
used, wrap

Alternativg
a material

|

g DL-Dithiothrertol (Z1.32J.

well plate 6 ml lacZ-reaction mixture are required. Prepare the lacZ-reaction| mixf
ly before use.

atches of the lyticase may have a different specific lyticase-activity. Calculate-the amour
eded for the reaction mixture according to:

250U
A

S
N

Le 1s the mass (mg) of lyticase with a specific activity of As which is required for 1 ml
lacZ-buffer;

is the specific activity of the lyticase in U/mg,

ling and samples

bral

e describes specific requirements for the sampling with respect to the determinatio
activity in water samples. Fer'general information about sampling consider ISO 5667-16,

blass bottles (borosilicate glass) with polytetrafluoroethylene (PTFE)-lined caps. To a
adation of compounds of interest, use amber glass bottles. If transparent glass bottles
the bottles inaluminium foil or store them in a dark container.

ly, bottles'made from aluminium or stainless steel (both uncoated) may be used. Assess
different from borosilicate glass does not affect results.

ure

t of

M

h of

roid
are

that

8.3 Bot

1€s and material pre-cieaning

After the routine cleaning procedure, additionally clean the bottles and the caps as follows: rinse the
clean bottles and the caps three times with a minimum amount of acetone (7.1.34). Let the residual
acetone evaporate (e.g. drying oven). Close the bottles immediately after drying. Rinse all glassware,
spatulas etc. getting in contact with the sample three times with a minimum amount of acetone (7.1.34).
Let the residual acetone evaporate.

8.4 Sampling procedure

Use disposable nitrile-gloves during sampling. Do not use any hand-cream prior to sampling and avoid
skin contact with the sample. Use material from glass, PTFE, aluminium or stainless steel only.

10
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Fill the bottles completely. Consider possible expansion of the sample due to a change of temperature. If
the samples are to be frozen as part of their preservation, the bottles shall not be completely filled. This
is in order to prevent breakage which may arise from expansion of ice during the freezing and thawing

process.

Do

not stabilize the samples with chemicals.

Either cool down the samples to 2 °C to 8 °C or freeze the samples at <-18 °C.

8.5 Transport of samples

Del

Dur
tem

ver the samples to the laboratory as soon as possible after sampling.

ing transport keep the sample container frost- and break-proof, protected fromexposy
perature increase and external contamination.

Codling or freezing procedures shall be applied to the samples in order to inerease the t

ava

ins

veh
Thd
box

Ift
tra

dry

8.6

Pre
of p

0,4
on

filt
est

Adj
acid
The

adj

8.7

Tes
8 °(
intd

lable for transport and storage. Cooling should commence as soon as possible after sg

lance in cool boxes with ice, frozen gel packs, or cooling elements. A cooling device in thg
suggested cooling temperature applies to the surrounding of.the’sample (e.g. inside
and not for the sample itself.

:ﬁe sample is frozen, avoid thawing of the sample (e.g. trafisport on dry ice). If dry ice is

ice.

Pretreatment of samples

article associated estrogenic activity. The decision about a sample filtration (e.g. celluld

um pore size) is to be taken by the performing laboratory according to the application
he experience with the sample typé under investigation. Report in any case if a filter
red sample was tested. Further_information about possible impacts of filtration on sa
ogenic activity is given in References [12] and [13].

s

€
1

Ist the sample to a pH/0f-7,2 + 0,2 using either HCl (7.1.21) or NaOH solution (7.1.22)
or alkali concentratiens’such that the added volumes are as small as possible. Avoid ove
adjustment of thessample’s pH might affect the sample. Report all visible changes cay
ustment of the pH:value (ISO 5667-16).

Storage of samples

t the samples immediately after sampling. If this is not possible, keep water samples
(<7.d) or below -18 °C (up to two months). For multiple testing divide larger samples

re to light,

me period
mpling for
e transport

icle is also suitable. A cooling temperature during transport of 2 °c te/8 °C has been found suitable.

he cooling

chosen for

sport, the bottles should be wrapped in paper or in air bubble film to avoid direct contalct with the

ferably analyse the samples non-filtered ifdmediately after sampling because of the pgssible loss

se acetate,
and based
ed or non-
mples with

Select the
r-titration.
sed by the

at 2 °C to
in advance

appropriate portions, since thawed samples can only be used on the same day. Avo

d thawing

and freezing of samples more than once before analysis. Thaw the sample in the dark at a maximal
temperature of 25 °C (e.g. water bath) or between 2 °C and 8 °C overnight. Do not use a microwave to
thaw samples.

Storage of the sample may impact the estrogenic activity of the sample. Possible changes are sample
depending. Specify the duration and conditions of sample storage based on experience with the specific
sample type. Further information about possible impacts of storage on samples with estrogenic activity
is given in References [14] and [15].
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9 Procedure

9.1 Preparation of cryo-cultures for long-term storage

Store the culture aliquots in the dark at =75 °C + 5 °C no longer than 12 months. Do not store the cells in
liquid nitrogen because of a limited viability of the cells under this condition.

Measure the optical density of the culture after an overnight culture (9.2) at 600 nm + 20 nm (0D600)
in a 1-10 dilution with growth medium (7.4.7) and calculate the formazin attenuation units (FAU) for

the undiluted culture according to ISO 7027. Use 600 nm for the FAU calibration.

NOTE )i
for the user
value are ad

Mix 3,5 ml
fraction off
vials at -7§

Determine
culture ac
determine

9.2 Ovel
Culture ye

Under ster
inoculate t

e.g. aluminfium foil. Incubate the overnight culture fori22'h + 1 h at 30 °C + 1 °C under constant agitat

Prepare th
containers

the performance of the test.

NOTE 1 j
Measure th
at 600 nm
for the FAU

NOTE2 [

for the user.
value are ad

9.3 Test

3 ml overnight culture are sufficient for at least 50 96-well plates.

AU-value of about 1 200 is a usual cell density of an overnight culture and serves as a guidancey
If the validity criteria according to Clause 10 are fulfilled, FAU-values that diverge from the-guid
ceptable.

30 % under sterile conditions. Freeze 350 pl-aliquots of the cell suspension in cryog
°Cx5°C.

the ECsg of the reference compound 175-estradiol with a frozen-aliquot of the new ci
fording to the standard procedures described in 9.3 and 9.4.. If\the ECs5¢ value, whic
 with the new cryo-culture, is not valid according to Clause 10(prepare new cryo-cultur

rnight culture
st cells taken from a cryo-stock in growth medium (Z4.7) described as follows:

ile conditions, pipette 5 ml of growth mediunt(7.4.7) into a 50 ml Erlenmeyer flask
he medium with 350 pul of a cryo-stock (9.1) immediately after thawing. Cover the flask v

e overnight culture one day prior to _the performance of the test. Other sterile flask
might be used instead of an Erlenmeyer flask if it is proven that this change does not imj

eoptical density of the culture after incubation ina 1-10 dilution with growth medium (7}
+ 20 nm and calculate thé FAU for the undiluted culture according to 1ISO 7027. Use 600
calibration.

AU-value of about200 is a usual cell density of an overnight culture and serves as a guidance v

If the validity-griteria according to Clause 10 are fulfilled, FAU-values that diverge from the guid
ceptable.

set upfor aqueous samples

hlue
hnce

of this culture with 3,5 ml of a sterile aqueous solution of glycerol (7.4.10) with a voliime

bnic

yo-
h is
b,

and
vith
ion.
o)y
pact

t.7)

nm

hlue
nce

9.3.1 Pr

Eparation

Prepare the required volume of the exposure medium (7.4.8). A volume of 5 ml per 96-well plate is needed.

9.3.2 Preparation of the reference dilution series

Thaw an aliquot of the 17f-estradiol (E2) stock solution (7.4.11; 5 mg/ml). Dilute the thawed stock
solution successively two times 1-100 and one time 1-3 with ethanol (e.g. 334 pl E2-solution + 666 pl
ethanol). The resulting concentration is 166,6 pg E2/1. Close all vials used immediately after usage to
avoid an evaporation of the ethanol.

Dilution series of the E2-reference:
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Dilute the 166,6 pg/1 ethanolic E2 solution 1-33,3 with sterile water to a concentration of 5 000 ng/1
E2 (e.g. 30 ul E2 solution to 970 pl water). Store the prepared dilution of 178-estradiol (166,6 ug E2/1) in
the dark at < =18 °C no longer than 12 month.

Prepare a final 1-10 dilution with water (7.2) by e.g. adding 400 pl of the 5 000 ng/1 E2 to 3 600 pl
sterile water (7Z.2) resulting in a concentration of 500 ng/1 E2. Prepare this dilution in an amber glass
vial with a cap which is lined with PTFE.

From this solution prepare six successive 1-3 dilutions with an aqueous solution of ethanol [volume
fraction 0,3 % (7.4.9)], e.g. by adding 1 ml of the E2-solution to 2 ml of the aqueous solution of ethanol.
Prepare these dilutions in glass vials with PTFE-caps also. Use the dilutions starting from 500 ng/I

of eyery E2-dilution are sufficient for one test plate with two replicates per dilution level:T'he following

dovF to 0,66 ng/1 for the determination of the concentration response curve of the E2 refergnce. 160 pl

Table 1 summarizes the preparation of the E2-dilution series.
Table 1 — Preparation of the E2-dilution series
Volume Used forjreference
ER solution c(E2) |fraction Dilution Example concentration-
ethanol resporise curve
[sthck (1@)] Sme/ml | 100% | i o w0 gggilsgltlflgﬁgll '
2| sow/ml| 100% | e 3590l exhanol
3 500 g/l | 100 % withle_tﬁanol 3346u616E§15e(11}111atiloor} 3
+ [ieseug) 100% | g P50 alwater
5 Sug/l 3% witlh_:/igter 4003%(])33 i?w;itc;? >
6 500ng/1 1 0,3 % with 0,31;/:)3ethanol 121::111%?35((;(1)11;;}?2“60; X
7 166,6ng/l) 0.3 % with 0,31;/)03ethanol 12rrr:lll]%)?;‘(’;cl>uettil(;211n7oIr X
8 55,6 ng/l | (03% with 0,31;/)03ethanol 12rrrrllll]i‘)?;‘(’}c{uettilciZI?OIr X
K 18,5ng7h | 0.3% with 0,31;/)03ethanol 12rrr;111]%)?35((;(1)11£ﬁ2r?0; X
10 6,2ng/1 0.3 % with 0,31;/;3ethanol 12mrrlllEg,§(:’}cl>l S‘c%r;rllgr X
1 Zng/l 0.3 % with 0,31;/>ogethanol 12mrrllfg,§?’21 feitohr;alrllcl)l+ X
)2 0,66ng/l| 0,3% with 0.31;/>ogethanol X
NOTE After the addition of the yeast cells to the test well (9.3.7) the maximal final concentration of E2 is

333 ng/l. The final volume fraction of ethanol in the test wells with the reference compound is 0,2 %. This ethanol
concentration can be tolerated by the yeast cells and has no impact on the test result.

9.3.3

Negative control

Use sterile water (7.2) as negative control (3.11). Each 96-well plate shall contain at least four replicates
of the negative control. Use a volume of 80 pl per replicate.

© ISO 2018 - All rights reserved

13



https://standardsiso.com/api/?name=3604bd1425e07998b8b97187187b24c9

ISO 19040-1:2018(E)

9.3.4 Blankreplicate

For each sample add at least four respective blank replicates (3.1), 80 pl each, on the same 96-well plate.
The highest sample concentration is used for the blank replicates. In case of the negative control and
the E2-reference one blank replicate is sufficient.

9.3.5 Sample dilution

Homogenize the sample before use by shaking. Prepare six successive dilutions of the test sample with
sterile water (Z.2) resulting in seven dilution levels (see Annex E for an example). Test at least four
replicates

oreach dilution level

9.3.6 Fi¢ld blank

Prepare th¢ field blank (3.6) similar to the samples, but without dilutions. For each sample arepresentafive
field blank|has to be analysed at the same day using the same media, cell culture and instiramentatiof. In
this case tHe blank replicates of the negative control may be used for the field blank alse.

If approprigte the field blank may also be analysed like a sample. If so, prepare@ppropriate dilutior]s of
the field blank as described in 9.3.5. In this case proceed as described in 9.3.7-for the blank replicat¢s.
If a field blank is representative for a series of samples, it may be tested.only once.

9.3.7 Plate setup

Use a volume of 80 pl for each well (sample, dilutions, negative control, field blank, blank repljca).
Test each fample in seven dilution levels. Test at least four-replicates of each dilution level on|the

same 96-well plate. Additionally, the sample plate shall contain at least four replicates of the negafive
control (9.8.3). As already described in (9.3.4) test for each sample at least four blank replicates on|the
same 96-weell plate. In case of the negative control one blank replicate is sufficient. Test on each plate a
concentration-response relationship of the refererce 175-estradiol (9.3.2) in duplicates. Test in total at
least four 1leplicates of the E2 dilutions series (9:3.2) in parallel. If only one 96-well plate is used for{the
assay, test pt least four additional 175-estradiol dilutions series (9.3.2) on a separate 96-well plate.

A recommg¢nded plate setup is shown in\Annex B.

Inoculate the samples with the prepared yeast cells (see 9.3.8) within 2 h after the plate setup.

9.3.8 In¢culation of the testplate

Finish the
Adjust the

Dilute an 4
sterile con

blate setup (9:3.7) prior to the preparation of the inoculum.
FAU of thecell suspension to 250 = 10 % for example as described as follows:

liquotr(e.g. 200 pl) of the overnight culture (9.2) 1-10 with growth medium (Z4.7) ux

der
the

1-10 dilut

ditions. Transfer 300 pl in a well of a 96-well plate and measure the optical density off
ateat CON s L IN e T1on 200 0] oozt oo dias (74 73 fov b boolograriand oo o

ion.

O atC OUUIITIT = ZU Il OSCTIU U T 5T OVY O HICUTOTIT (717 10T oo oatikgT oo COTTCCT

Calculate the FAU of the diluted overnight culture according to ISO 7027. Use 600 nm for the FAU
calibration.

Calculate the required volume of the 10-fold inoculum (resuspended yeast cells with adjusted FAU for

the exposure) as follows:

VlO—fold inoculum = 0,5+nx0,5

where

14
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V10-fold inoculum
preparation of the 10-fold inoculum;

n is the number of 96-well plates used in parallel.

Calculate the needed volume of the overnight culture according to:

250

|74 -
XFAU x10

overnight-culture = ><VlO—fold inoculum

where

is the volume in millilitres (ml) of the exposure medium (7.4.8) needed for the

3

is the volume in millilitres (ml) of the overnight culture which istheed
pare the 10-fold inoculum for the exposure;

Vovernight-culture

XFAU is the calculated FAU-value of the 1-10 diluted overnight.culture;

is the volume in millilitres (ml) of the exposure medium (7.4.8) neede
preparation of the 10-fold inoculum.

V10-fold inoculum

Carty out all following steps under sterile conditions. Transfer the¢calculated volume of the
culure [Formula (3)] to a new test tube and pellet the yeast cells by centrifugation at 2
10 min. Discard the supernatant and resuspend the yeast cells in the required volume o
medlium (7.4.8). For quality control it is recommended to verify‘the FAU of the resulting cell
by 4 measurement of the optical density at 600 nm + 20 . Use 300 ul of the suspension i

plate. Use exposure medium (7.4.8) for the background ¢orrection.
Dily
e.g.

It ig
thid

te the prepared 10-fold inoculum 1-10 with exposure medium (7.4.8) to achieve a FAU-
by adding 4,5 ml of exposure medium (7.4.8);t0'500 pl of the 10-fold inoculum.

not recommended to prepare directly a.cell suspension with a FAU of 25 for exposure,
case the measurement of the 0D60Q for-quality control results in low signals which are 1

Add
cell
and|

40 pl exposure medium (Z7.4.8)toall wells which contain blank replicates. Add 40 pl of
suspension (1-fold inoculum with a FAU-value of 25) to all other wells [negative contr
their dilutions, field blanks;.and the dilution series of the reference compound (E2)].

sure the optical density.at 600 nm * 20 nm and save the data for the subsequent data ev

E This measurénient is needed for the assessment of possible bacterial growth in the assay.
e optical density @600 nm in the blank replicates (3.1) during the exposure indicates bacterial

ed to pre-

 for the

b overnight
500 g for
f exposure
buspension
h a 96-well

Falue of 25,

because in
ot reliable.

the diluted
bl, samples

hluation.

An increase
rrowth.

lix properly
re medium
the actual

N O (¢} Q

plastic lid and do not stack_the prepared 66-well plates uring this incubation.
9.4 Measurement

9.4.1 Measurement of the cell density

plates with a

Resuspend the yeast cells after the incubation of 18 h thoroughly either by vigorous shaking or pipetting

up and down. Measure the cell density for the determination of growth inhibition and/o
effects at 600 nm + 20 nm.
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The proper resuspension of the yeast cells is crucial for the test procedure. Without homogeneously
resuspended cells the measurement at 600 nm and the measurement of the reporter gene activity are
highly error prone and will most likely lead to invalid test results.

9.4.2 Measurement of the reporter gene activity

Transfer 30 pl from each well of the test plate to a new 96-well plate. Add 50 pl of the lacZ reaction
mixture (7.4.13) to each well. Measure the optical density at 580 nm + 20 nm. Incubate the plate for 1 h
at 30 °C £ 1 °C under constant agitation. Due to the activity of the added enzyme lyticase, the yeast cells
are lyzed durlng the 1ncubat10n Verlfy the cell 1y51s by an 0pt1cal 1nspect10n Ifthe samples are turbid,

pellet the
of the cleaj

If air bubb
bubbles, e.

Measure tH

If the med
measurem

The first n
substrate

blank replicates of the sample (3.1) during the incubation indicatesartificial cleavage of the substra

Frequently
580 nm. If
to double t

9.5 Calc

ed supernatant to a new 96 well plate for the measurement of the reporter gene act1v1ty

es are present in the wells before the measurement of the optical density, remoye the
b. by using the airflow of a hair-dryer.

e optical density at 580 nm * 20 nm.

surement at 580 nm * 20 nm exceeds the linear range of the photometer repeat
ent at 540 nm = 20 nm.

leasurement at 580 nm is needed for the assessment of possible artificial cleavage of
PRG by compounds of the tested sample. An increase of the‘@ptical density at 580 nm in

photometers with filter are equipped with a filter foiya measurement at 540 nm instea|
the measurement of the reporter gene activity has;to be done at 540 nm it is recommen|
he volumes, i.e. 60 pl of exposed cells and 100 ukthe lacZ reaction mixture (7.4.13).

ulation of the corrected absorbance and the reporter gene induction

air

the

the
the

d of
ded

Calculatet nce

compound

he corrected absorbance (Ac) for all dilutions of the samples (SD), all dilutions of the refere
(RD) the negative control (NC) and the field blank according to Formula (4).

[Asso (1)~ Bsgo (’)}

A (1) — (4)

[Aeoo (1)-Bsoo (')}
where
Ac(i) is the corrected absorbance for test i (sample dilutions SD, reference dilutions RD, ndga-
tive control NC);
Asgo(i) is the'absorbance at 580 nm for test i;
B_( ) is the mean absorbance at 580 nm for blank replicates of test i;
580

Aso0(i) is the absorbance at 600 nm for test i;

— /., isthe mean absorbance at 600 nm for blank replicates of test i.

Beoo (1)

Calculate the mean Ac for the negative control (NC), the field blank and all tested dilutions of the
sample and the reference compound (E2 dilution series) and the respective standard deviation [o(i)].
For the assessment of the test results use these mean values. Use the mean corrected absorbance for a
subsequent statistical evaluation and the construction of a concentration-response curve.

Calculate the induction rate (I) of the test with the maximal E2 concentration of the E2 dilution series
(9.3.2) according to Formula (5). The induction rate quantifies the fold induction of the estrogen
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receptor in the test compared to the basal receptor activity which is determined in the negative control.
A value for a valid minimal induction rate is given in Clause 10.

(52

max)
ql( max) AC (NC) ( )

where

q1(E2max) is the induction rate of the test with the highest E2 concentration of the E2 dilution
series (9.3.2);

- is the mean of the corrected absorbance of the two exposures with the highest E2 con-

Ac (EzmaX) centration of the E2 dilution series according to Formula (4);
A_(NC) is the mean of the corrected absorbances of the negative controlxeplicates.
C

9.6 Calculation of the relative growth

Thd relative growth G(i) is calculated in order to assess possible toxic\effects of the sample. [f the acute
toxicity of the sample is too strong, estrogenic effects may be masked and cannot be quantified (see
Clal;se 10 for further details). Calculate the relative growth G(ijdccording to:

[ 4600 (1)=Beno (1) |

“= [Asoo (NC)_%(NC)J

(6)

wheére
G(i) is the relative growth of test i (sample dilutions SD, reference dilutions RD, positive
control PC);
Ae00(7) is the absorbance at 600 nm for test i;
%(i) is the mean abserbance at 600 nm for blank replicates of test i;

Aeoo(NC) is the abserbance at 600 nm for negative control;

Bggo (NC)

—_—

is the;mean absorbance at 600 nm for blank replicates of the negative contrpl.

9.7| Estimiation of the ECs5¢ of the reference compound by linear interpolation

Detprniine the EC50 of the 17 estradiol concentration response curve by an appropriatd statistical
methed such as probit analysis, moving average or binomial methods (see References [16] apd [17]).

For a graphical estimation on a Gaussian logarithmic diagram, see Reference [18].

10 Validity criteria
The overall test is valid if:

a) the ECsg of 17f5-estradiol, derived from the 17f3-estradiol concentration-response relationship is
between 39 ng/l and 107 ng/l;

b) the mean corrected absorbance for the negative controls is in the range from 0,05 to 1,5;

c) therelative standard deviation of the corrected absorbance for the negative controls is <30 %;
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d)

f)

the induction rate (9.5) induced by the highest E2 concentration is >10;

the mean OD 600 of the blank replicates (3.1) of a sample after exposure is not higher than the
respective value before exposure (t-test with a = 0,05);

the mean OD 580 of the blank replicates (3.1) of a sample after measurement of the reporter gene
activity (9.4.2) is not higher than the respective value before (t-test with a = 0,05), otherwise an
artificial cleavage of the substrate might take place and the sample cannot be measured with this
test procedure.

A dilution level of a sample is valid if:

a)

b) the relative standard deviation of the corrected absorbance between the four replicatés is <1

11 Assegsment criteria

the rel

(inter

The test s

increase off reporter gene activation is measured which exceeds significantlythe reporter gene acti

in the field

An exampl

12 Test report

The testre

a)
b)

‘)
d)

f)
g)

18

the tedt method used, together with a reference to this document, i.e. ISO/ 19040-1:2018;
identitly of the test sample (origin and date:of sampling, pH value, conductivity);

referefce compound (chemical name, source, batch number or comparable data, if available);

storag
adjust

and pqre size) and other manipulations);

test st
prepar
obtain

testing environment (address of testing laboratory, date of test, type of photometer used);

test rgsults (mean corrected absorbance for field blank and each tested sample- and referg
dilutiop‘'with standard deviation, qualitative assessment of the estrogenicity of the sample (yes
with information about statistical evaluation, indication of toxic effects (if any), other observat

htive growth of yeast cells in this dilution level of the sample is >0,7 and <1,3;

vell deviation).

hmple is defined to mediate an estrogenic activity if a significant’concentration-reld

blank.

b of statistical assessment is given in Annex H.

port shall contain at least the following information:

e of sample and preparation® of test sample (storage conditions (if not tested direc
ment of pH value, centrifugation (including g and time), filtration (including filter mate

[ain (strain, source, date of arrival in the laboratory, storage conditions, date of stock culf

pd FAU of thé evernight culture, adjusted FAU of the inoculum;

b %

ted
ity

),
rial

ure

ation, and date~of’genotype checking (if this date deviates from stock culture preparation),

nce
no)

ons

(e.g. precipitation, contamination). If 175-estradiol equivalent (EEQ) values for the sample or
sample dilutions are calculated, further reporting is required as described in Annex I. If LID-values
are calculated, further reporting is required as specified in Annex |.

© ISO 2018 - All rights rese

rved


https://standardsiso.com/api/?name=3604bd1425e07998b8b97187187b24c9

>
ok

ISO 19040-1:2018(E)

Annex A
(normative)

Strain selection

General
=enera:

:

A.2
Su

wn

Add

ex A describes the method for the selection of the S. cerevisiae strain.

Agar plates for strain selection
pend 2 g Agar (7.1.20) in 78 ml water.

a magnetic stirrer and autoclave the suspension for 20 min at 121°€.+ 2 °C.

Codl down the solution to 50 °C to 60 °C and add under sterile conditions:

10 ml 10x SD-Medium (7.4.1);

10 ml 10x McD-DO-Medium (7.4.2).

Mix the solution gently, avoid the formation of air bubbles in the mixture.

Add
aga

A3

For
aga
and
und

I plates overnight.

Plating of the test strain

strain selection streak a thawed stock culture in a 1-100 dilution with growth medium (]
I plate for strain selection (Ai2) and incubate the plate at 30 °C + 1 °C overnight. Pick a si
inoculate 5 ml of the growth medium (7.4.7). Incubate the culture for 18 h overnight at 1
er vigorous agitation. Use this culture for the preparation of stock cultures as described

about 20 ml of the solution to a petri dish (@ 9:¢m) under sterile conditions. Cool down the prepared

/.4.7) on an
hgle colony
0°Cx1°C
(9.1).
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Annex B
(informative)

Plate set up

Annex B gives an example of a suitable plate set up for the YES.

Table B.1 — B.Plate set up with two samples with seven successive dilution levels in four

replicates
] 2 3 |4 |5 |6 7 8 |9]10] 11 12
A ER, Sample 1 Sample 2 E2,
0,66|ng/1 (dilution level 12) (dilution level 12) 0,66 ng/1
B ER, Sample 1 ) Sample 2 E2,
2,0 hg/1 (dilution level 8) }flleli (dilution leyel-8) 2,0 ng/1
an
C ER, _ Sqmple 1 sample 1 . Sa-mple 2 E2,
6,2 hg/l (dilution level 6) (dilution level 6) 6,2 ng/l
D EpR, Negative Sample 1 Sample 2 E2,
18,6[ng/1 control (dilution level 4) (dilution level 4) 18,6 ng/1
E ER, Sample 1 Sample 2 E2,
55,6[ng/1 (dilution level 3) (dilution level 3) 55,6 ng/l1
F ER, Sample 1 Sample 2 E2,
166,64 ng/1 (dilution level 2) Nield (dilution level 2) 166,6 ng/1
ie
G EpR, Sample 1 blank Sample 2 E2,
500ng/1 (dilution level 1) sample 2 (dilution level 1) 500 ng/1
BlanKrepli-
H cdte Blank Blank replicdtes Blank replicates Blank replicqte
(H2, replicate NC | sample 1 (undiluted) sample 2 (undiluted) | (E2, 500 ng/l)
500 pg/1)
20 © ISO 2018 - All rights reserved
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Annex C
(informative)

Scheme of test principle

Annex C illustrates the underlying test principle of the YES. See Figure C.1.

Key

oW N

(@]

ER-agonist

nucleus

ERE

reporter gene

The ER-agonist (xenoestrogen) diffusés-into the yeast cell.

The human estrogen receptor alpha(hERa) is heterologously expressed [e.g. via a plasmid which
respective gene under the control of a constitutive promoter (not shown)].

The ER-agonist binds to the'estrogen receptor and induces a dimerization of hERa.

Due to receptor binding-and dimerization a nuclear localization signal is exposed and the dimer is
the cell nucleus.

The receptor dimérpinds to and activates a promoter that contains an estrogen responding elemen
reporter construct might be integrated in the yeast genome or can be part of a plasmid as shown

The expression of the reporter gene is proportional to the activation of the hERa by the (xeno)esty

Figure C.1 — Basic test principle of the YES

contains the

imported in

t (ERE). The
ere.

ogens.
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Annex D
(informative)

Test set up for chemicals and extracts

ral

D.1 Gen

For the an
be concen
procedure

D.2 Extraction of water samples

Water sam
samples us
show high

ethyl acetalte, using approximately 10 % of the sample size as extractionsolvent volume. For SPE, ext

with suital
extracts pi
compound

D.3 Test

The procec

Use ethan
organic so
maximal v

Use an aqu|

for the

for the

for the

Use 80 pl
(9.3.8) tot
the field bl

Tu

pous solution with the same volume fraction of the organic solvent:

‘rated by extraction procedures. Annex D gives information about possible.‘eéxtrac
5 and the changes in the procedure for testing extracts and pure compounds.

ple extracts can also be tested with the following adaptations in the’procedure. Extract w
ing liquid-liquid extraction (LLE) or solid phase extraction (SRE); both methods gener
(>90 %) recoveries for known (xeno)estrogens. For LLE, extract the water three times

ble columns, e.g. Oasis HLB or C18, and elute with methanol or ethyl acetate. Dissolve f
eferably in dimethylsulfoxide (DMSO), alternatively ethanol can be used. Prepare refere
concentrations for the concentration-response curvé.using the same solvent as the samp

with diluted organic solutions or extracts
ure is identical to the description in Clause 9 with the following exceptions:

1, methanol or DMSO as organic.solvent for extraction procedures or the preparatio
tions of chemicals. Prepare anaqueous dilution of the organic extract or solution that
blume fraction of the organic solventis 1 %.

preparation of the dilution series of the sample;
negative control;
preparationofthe E2 reference and the dilution series of the E2 reference.

f the aqueous organic solution for each well and add 40 pl of the prepared cell suspen
he negative control, the sample dilutions the dilution series of the reference compound

k. To prepare the field blank use the sample procedure and materials as for the preparag

alysis of certain matrices such as surface water or drinking water the samples~need to

fion

hter
ally
vith
ract
inal
nce
les.

h of
the

bion
and
ion

—

T T O O o O ST T o O e o O e e e Tt T

D.4 Direct testing of organic solutions or extracts

The procedure is identical to the description in Clause 9 with the following exceptions:

Use ethanol or methanol as organic solvent for extraction procedures or the preparation of organic
solutions of chemicals. Organic solutions or extracts can be directly added to and diluted with the
organic solvent on the 96-well plate using volumes between 20 pl and 80 pl per well. An example
with 40 pl organic solution or extract per well is presented below using a 96-well plate layout that is
analogous to the layout shown in Table B.1.

22
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Column 2 receives 40 pl organic solvent and serves as the negative control. Column 7 receives 40 pl of

the

field blanks.

In columns 3 to 6 and 8 to 11, each well in rows B to H receives 40 pl organic solvent. 40 pl organic
solution or extract are pipetted to rows A and B. The 80 pl volume in the row B is mixed by pipetting
40 pl up and down and repeating this three times. 40 pl are then transferred from row B to row C,
mixed and transferred to row D and so on to create a 1 in 2 dilution series. Finally, the 40 pul coming out
of row H are discarded.

To prepare the E2-reference use the 83,3 pg/l ethanolic E2-solution (9.3.2) and dilute it 40-fold with
the organic solvent (e.g. add 20 pl E2-solution to 780 pl organic solvent) to 2,08 pg/l. Pipette 100 pl of

org
to t
the
wel
to §
soly

hnic solvent in each of 8 wells of a separate 96-well plate. Add 100 pl of the 2,08 ngA.|
he first well and make a 1 in 2 dilution series over 7 wells. 20 pl of the dilution series\s
plate, i.e. in columns 1 and 12 over rows A to G. The volume used for the E2-referénee (i.
) needs to be matched to the volume of the organic solutions or extracts (i.e. ih.the ran
0 pl). In the example above, with 40 pl organic solution or extract, an additional 20 pl
ent needs to be added to each well of the E2-reference dilution series.

Evalporate the organic solvent under sterile conditions. Add 80 pl sterile water (7.2) and 4
cell[suspension (9.3.8) to the negative control, the sample dilutions, the dilution series of th
conjpound and the field blank. Cover the 96-well plate with a gas¢permeable foil which pi
testl from drying out. Redissolve the samples by vigorous shaking for 2 min (avoid spilling
medium during the agitation).

NO1
redi

E The way how a sample is transferred to the plate\(as an aqueous sample, a diluted
ssolved extract) can affect results (see References [19] and }20]).

£2-solution
pipetted to
e, 20 pl per
ge of 20 ul
of organic

0 pl of the
b reference
events the
of culture

pxtract or a

D.J Data from literature
The estrogenic potential of a compound is frequently expressed as a relative potency to the reference
conjpound 17B-estradiol. The relative poteney (%) is calculated as follows:
ECcy (R
P, :ﬂxmo (D.1)
ECs0(C)
whére
Py is the pptency of a compound C relative to a reference compound R (e.g. 17f-eptradiol)
in percent;
ECso(R) isthe ECsg of the reference compound 175-estradiol;
ECs0(C).\/is the EC5q of the compound.
Table _D.1' shows the relative potencies to 17f-estradiol for selected compounds together with the
respective reference.
Table D.1 — Summary of relative potencies to 175-estradiol for selected compounds
Compound Relative potency (P;) to 17p-estradiol (%) Reference
17a-estradiol 5,25 [21]
17B-ethinylestradiol 88,8 [21]
17pB-estradiol 100 [21]
17p-estradiol-3(beta-D-glucuronide) 0,32 [21]
17B-estradiol-3-glucuronide-17-sulfate 0 [21]
17B-estradiol-3-sulfate 0,01 [21]
2',3'4",5"-Tetrachloro-4-biphenylol 0,82 [21]
© ISO 2018 - All rights reserved 23
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Table D.1 (continued)

Compound Relative potency (P,) to 178-estradiol (%) Reference
2,3,7,8-Tetrachlorodibenzo-p-dioxin 0,26 [21]
2',4',6"-Trichloro-4-biphenylol 1 [21]
2',5'-dichloro-4-biphenylol 0,62 [21]
2'-Chloro-4-biphenylol 0,003 7 [21]
2-tert-Butylphenol 0,000 218 06 [22]
3,3',5,5'-Tetrachloro-4-4'-biphenyidiol 0,016 [21]
4'-Chloro-4-biphenylol 0,06 (23]
4-Hydroxytamoxifen 0,007 3 ({@T
4-Nonylphgnol (straight chain) 0,002 2 ko(l;[lﬁ]
4-Nonylphgnol (technical grade) 0,005 Y - [21]
4-Octylphehol 0,003 o [21]
4-tert-Butyfphenol 0,004 617 65 N [22]
4-tert-Octyllphenol 0,000 36 Ke) [21]
a-Zearalanpl (zearanol) 1,3 g(\vJ [21]
a-Zearalengl 87 ., o [21]
Androsteng¢diol 0,02)?\0\ [21]
Androsten¢dione \{\L\( [21]
B-Sitosterof 045 [23]
B-Zearalanpl 2 < 046 [21]
B-Zearalenpl N 0,066 [21]
Bis(2-ethylhexyl)phthalate \’\Q’ 0 [21]
Bisphenol A xO B 0,005 [21]
Bochanin e 0,009 1 [21]
Butylbenzylphthalate (')\\v 0,000 4 [21]
Butylhydrdxytoluene N\ 0 [21]
Chloropherne ('3v 0,0099 [21]
Cholestero . O 0 [21]
Clomipheng¢ Y 0,002 3 [23]
Cortisol AC_)\./ 0 [21]
Coumestro Oy 0,67 [21]
Daidzein ~\~ 0,001 3 [21]
DDT QY 0,000 03 [21]
Dehydroepnag&&’cerone 0,0018 [21]
Dienestrol | = 254 [21]
Diethylstilbestrol 74,3 [21]
Dihydrotestosterone 0,05 [23]
Di-n-butylphthalate 0 [21]
D-Norgestrel 0,000 4 [21]
Equol 0,085 [21]
Estriol 0,63 [21]
Estrone 9,6 [21]
Formononetin 0,005 6 [21]
Genistein 0,049 [21]
Hexestrol 30,6 [21]
24 © IS0 2018 - All rights reserved
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Table D.1 (continued)

Compound Relative potency (P,) to 178-estradiol (%) Reference
ICI 164,384 0,001 6 [23]
ICI 164,384 0,001 6 [23]
Mestranol 7,3 [21]
Methoxychlor 0,003 3 [21]
Nafoxidine 0 [21]
0,p'-DDD 0,000 006 7 [23]
o', f-DDE 0,000 04 [21]
0'p-DDT 0,000 11 N1
Prdgesterone 0 ko(]/V [21]
Stigmasterol 0,000 22 R [22]
Tarfoxifen 0,004 7 R [21]
Tesfosterone 0,001 ?\U) [21]
Zedralenone 0,26 ,..O [21]
&
N
Y
N
$®®
¥
xO
O
o
@ .
O
O
53
O
Q~
v
QO
R
S
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Annex E

(informative)

Preparation of dilution series

Table E.1 describes the preparation of dilution series for the testing of water samples.

Table E.1 — Preparation of dilution series
Dilution of the Final dilution of sample erl:c‘lt::latl e
Dilution |[Pre-dilution of the sample | sample by addition . e P P
. R R (1—x) with dilution water of the
level D with dilution water of the test strain in
. and cell sample jn
culture medium
the tes
1-1 (per definition)
1-1,5 For undiluted water’or waste
1-1 . ..
80 ul sample + 40 pl water, the dilution coefficient .
1 No pre-dilution. The sample L per definition is 1-1 even if 66 %
o test strain in culture \S
s used as it is. medium the sample is diluted by the
addition‘of the test strain in
culture medium.
1-1,33
2 e.g. 1,5 ml sample + 1-1,5 1-2 50 %
0,5 ml dilution water
1-2
3 e.g. 1,0 ml sample + 1-1,5 1-3 33,3 %
1,0 ml dilution water
1-2,66
4 e.g. 0,75 ml sample + 1-15 1-4 25%
1,25 ml dilution water
1—-4
6 e.g. 0,5 ml sample + 1-1,5 1-6 16,7 %
1,5 ml dilution water
1-5,33
8 e.g. 0,375 ml sampte + 1-1,5 1-8 12,5 %
1,625 ml dilutien water
1—8
12 e.g. 0,25« mlsample + 1-1,5 1-12 8,3 %
1,75 mldilution water

26
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(informative)

Performance data

ISO 19040-1:2018(E)

F.1—Design-oftheinterlaberatery-trial
F.1/1 General

Noy

interlaboratory test based on the procedure described in this document was carijied out in
ember/December 2016 for the generation of these validation data (see Reference [24]). The aim

of this study was to demonstrate the suitability of the proposed method forithe determindtion of the

esty

ogenic potential of water and waste water by means of a reporter gené assay utilizinlg modified

yeapt cells (Saccharomyces cerevisiae). The statistical evaluation of the data was performed afcording to

ISO

F.1

5725-2.

2 Description of samples

In tptal eight samples were analysed.

Table F.1 — Description of samples

Shmole Expected Ndminal
p Sample type Description estrogenic EEQ-value
number .2,
activity [heg/1]
Effluent of a municipal sewage treatment
S1 Aqueous plant (STP) +
Same as sample 1 but spiked with 15 ng/1 !
52 Aqueous 17B-ethinylestradiol (EE2) * $1+1»ng EEQ/I
3 Aqueous Influént of a municipal STP ot
q (sameSTP as for samples 1 and 2)
S4 Aqueous _ (| Surface water rhine -
S5 Aqueg@s E%:rzne as sample S4, but spiked with 20 ng/1 . S4 + 2 ng EEQ/I
S6 Aqueous |Blanc water (de-ionized water) -
Mix 1: 800 ng/1E2 + 5 000 ng/1 E1, which
. have been diluted 1- > 100 which results to
57 Ethanolic final concentrations of 8 ng/1 E2 + 50 ng/1 E1 * 14 g EEQ/1
in 1 % ethanolic solution
Mix 2: 5 mg/1 Bisphenol A + 80 mg/l1 tert-Bu-
tylphenol + 100 mg/1 Benzylbutylphthalat;,
which have been diluted 1- > 100 which
S8 Ethanolic |results to final concentrations of 50 pg/1 ++
Bisphenol A + 800 pg/1 tert-Butylphenol +
1 mg/1 Benzylbutylphthalat in 1 % ethanolic
solution
NOTE Based on historical screening data, the expected estrogenic activity of the samples was scored “+”

expected low activity (close to the assay LOQ), “++” expected significant activity (quantified between the assay

LOQ and ECsg of the reference curve),

“«wn

no activity expected.

© ISO 2018 - All rights reserved
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F.1.3 Participating laboratories

16 laboratories provided data for the distributed samples. The samples S1 to S6 have been tested by all
participating laboratories. For the samples S7 and S8 which could be tested optionally, ten laboratories
provided data as indicated in the Table F.2. The samples were coded and tested at least two times
independently. A third testing was optional.

Table F.2 — Overview of tested samples

YES Mc Donnell
Laboratory — ——
Samptes Stto S6————Samptes S7amd S8

LO1 X X

L02 X

LO03 X

L04 X X

LO5 X

L06 X X

LO7 X X

L08 X X

L09 X X

L10 X

L11 X X

L12 X

L13 X X

L14 X

L15 X X

L16 X X

Number of data sets 16 10

F.2 Resplts of the interlaboratory trial
F.2.1 Gejperal
All laboratories carried ofit)either two or three repeated measurements per sample. Two samples
were testefd on the same\96-well plate together with the respective controls, thus depending on|the
number of|test repetitiens per lab a total of six or nine repeated measurements were available for|the
control measureménts, i.e. negative control, concentration response curve of the reference. According
to Annex H of thissdocument the samples were tested at dilution levels D1, D2, D3, D4, D6, D8 and P12
by all laboratories.

For the samples STto S6 all 16 [aboratories provided dataresulting in 41 to 44 individualmeasurements per
sample. For the samples S7 and S8 ten laboratories provided data resulting in 23 individual measurements
per sample. Based on the validity criteria given in Clause 10 invalid measurements were identified an
excluded from the further data evaluation. For the samples S1 to S8 the percentage of invalid test results
varied between 14 % and 26 %. In total 17,2 % percent of all measurements were excluded because of an
invalid ECsq value of the E2 concentration response curve. Furthermore, 4,5 % of the measurements were
excluded because the variability of the respective corrected absorbance of the negative control (CV %
Ac(NC)) was >30 %. In sum the overall percentage of invalid test results was 19,1 %.

All measurements of L09 were excluded because of invalid ECsg-values of the reference. In case of L03
and LO5 50 % of the measurements were invalid either because of invalid ECsg-values of the reference
or CV % Ac(NC) > 30 %. In case of L07 the percentage of invalid test results because of ECsp-values
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of the reference was 44 %. The percentage of invalid test results of the laboratories L10, L15 and L16
varied between 11 % and 33 %. All measurements from the remaining nine laboratories were valid.

F.2.2 Summary of 17B-estradiol equivalent concentrations (EEQ)

The median of all reported LOQ-values for the reference compound E2 was 10,8 ng/l. As expected
with few exceptions the quantifications of the 17f-estradiol equivalent concentrations for the low- and
unpolluted samples S1 (effluent of a municipal sewage treatment plant), S4 (surface water Rhine) and
S6 (de-ionized water) were below the LOQ and thus no further statistical analysis was performed for
these samples.

In Jome cases results below LOQ were reported for the contaminated samples S2, S3 and S5. These
valyes were omitted from further calculations e.g. the calculation of the laboratory mean value because
of the inherent uncertainty.

From all valid single measurements for the EEQ-values (samples S2, S3 and §5) four rgsults were
identified as outliers and omitted from further analysis. No further data based\on the laborgtory mean
valyies were identified as outliers.

The results are summarized in Table F.3 and shown in Figure F.1. The'samples S2, S3 and [S5 showed
geometric mean values for the equivalence concentration of 17,9 ng/1, 35,5 ng/l and 22,4 ng/1 EEQ,
respectively. The different contaminated levels were reflected verywell by the laboratory r¢sults. This
holdls true as well for the ethanolic samples S7 and S8 with mean(EEQ-values of 14,6 ng/1 andl 29,4 ng/1.

The relative reproducibility standard deviation (sg) for the.agueous samples S2, S3 and S5 wgre 26,7 %,
40,9 % and 28,0 %. In case of the ethanolic samples«S7-and S8 that were tested optionplly by the
labgratories the respective sg-values were 46,1 % and 54,7 %. This results in a mean standarfl deviation
of reproducibility of 31,9 % for the aqueous samples.

Compared to water samples without ethanol;.the testing of a mixture of reference compounds in an
aqueous ethanolic solution of 1 % resulted.iit*a higher variability of results that has to be|taken into
accpunt for data interpretation.

Table F.3 — Summary of EEQ results [ng/1] of the Yeast Estrogen Screen (YES, McDonnell[10])

Sample

S1 S2 S3 S4 S5 S6 S7 S8
Nunjber of labora- | ;¢ 16 16 16 16 16 8 8
torig¢s
Nunjber of meas- 42 42 41 44 43 43 23 23
urerpents
Invzllld measurey 8 7 10 3 7 6 6 6
menks
0, 1 -
% Ifvalid yteas 19,0 16,7 24,4 18 16,6 14,0 26,0 26,0
urerhents
Number of
valid measure- 34 5 2 34 2 33 3
ments < LOQ
Outliers excluded
(single measure- n.d. 1 (L15) — n.d. 1 (L10) n.d. 1 (L07) 1 (L07)
ments)
Outliers excluded

n.d. — — — — — — —
(means)
Number of labora- | =, 14 13 15 13 15 7 8
tories for statistics
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Table F.3 (continued)

Number of
valid measure-
ments > LOQ, 0 29 29 2 33 4 13 16
without outliers
Laboratory geometric mean (expected value) - n
LO1 <LOQ | 18,7(18,9) |36,0(36,0)| <LOQ |239(24,1)| <LOQ |16,8(16,8) |41,2 (42,1)
n=3 n=3 n=2 n=3 n=3 n=3 n=3 n=3
Loz <10Q | 245246 |521627)|, 22, | 276276) | <L0Q
n=3 n=3 n=3 4 =3“ n=3 n=3
L03 B B B 5,7 <10Q /34L'(2)Q _ |
n=1 n=1
n=2
L04 <LOQ | 18,3(18,5) |378(39,0)| <LOQ |26,4(26,6)| <LOQ <LOQ 329
n=3 n=3 n=3 n=2 n=3 n=3 =1 n=(1
LO5 <LOQ | 12,0(12,1) o <LOQ . <LOQ - n
n=1 n=2 n=1 n=2
Lo6 <L0Q | 21,1(21,2) |499(50,2)| <LOQ |23,5(23,5)| - o¥® 11,0134 | 234
B L v o _ Y<L0Q L (278)
n=3 n=3 n=3 n=3 n=3 n=2
n=3 n=|3
Lo7 <L0Q 19,8 28,9 <L0Q |284(89)| <L0Q |296(299) (5566,; .
n=1 n=1 n=1 n=3 =3 n=1 n=2 ]
Satple
S1 | S2 S3 S4 S5 S6 S7 S8
L08 <LO0Q 16,8 (22,8) | 30,7 (38,3) [\<L0OQ | 19,6 (20,6) | <LOQ 10,3 1417
n=3 n=2 n=3 n=3 n=3 n=3 (104)n | 7D n
= = 3
L09 — — — — — — — —
L10 <L0Q 20,2 (20,7) |.318 (31,8) | <LOQ | 15,7 (16,0) | <LOQ . a
n=3 n=3 n=2 n=2 n=2 n=3
L11 <L0Q 18,8 56,5 <LOQ | 18,7(189) | <LOQ 18,0 3143
n=3 n=A1 n=1 n=3 n=3 n=3 n=1 (31,4)n
=p
L12 <L0Q 179 28,5(31,8) | <LOQ |25,5(26,6)| <LOQ . |
n=3 n=1 n=3 n=3 n=3 n=3
L13 <L0Q 14,4 30,4 (30,7) | <LOQ 15,5 <LO0Q 11,8 41)4
=2 n=1 n=2 n=2 n=1 n=1 n=1 nH1
L14 <LOQ 16,1 (16,2) | 32,8 (33,1) | <LOQ | 18,8 (18,8) 11,2
n=2 n=2 n=2 n=2 n=2 /<L0Q — —
n=2
L15 <L0Q 11,8 40,4 (60,1) | <LOQ |22,8(31,7)| <LOQ . .
n=2 n=1 n=2 n=2 n=2 n=2
L16 <LO0Q 16,0 (16,1) | 20,5 (20,6) | <LOQ | 19,8 (20,1) 6,4 11,8 27,3
n=2 n=3 n=2 n=3 n=2 /<L0Q n=1 n=1
n=3
min - max 11,8 -24,5| 20,5-52,1 15,5-28,4 10,3 - 14,7 -
29,6 56,1
factor max/min 2,1 2,5 1,8 2,9 3,8
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geometric mean n.d. 179 35,5 n.d. 22,4 n.d. 14,6 29,4
expected value 18,6 38,4 23,3 16,1 33,5
95 % confidence 15,4-209 | 28,0 -45,1 19,0 - 26,4 10,6 - 19,2 -
interval 21,9 45,1
95 % prediction 10,7 -30,0 | 16,4 - 76,8 13,1 - 38,4 6,2-345| 10,1-
interval 80,2
99 % prediction 91-352 | 129-976 11,1 -454 4,7 -45,1 7,9 -
interval 109,6
sy (repeatability) 4,41 13,1 5,75 3,96 6,33
sp, (interlaboratory 2,26 8,65 3,05 6,31 17,22
varigability)
sg (reproducibility) 4,96 15,7 6,51 7,42 18,35
Sr % 23,8 34,1 24,7 24,2 18,9
SL W 12,2 22,5 13,1 39,2 51,4
SR % 26,7 40,9 28,0 46,1 54,7
SR/ br 1,1 1,2 1,1 19 2,9
Sr repeatability standard deviation
SR reproducibility standard deviation
Sy, laboratory standard deviation
n.d. not determined
n number of measurements
Y
100
90
80
70
60
50
W1 —
T e —
e — > 2
0 I S I | I S I I I |
012345678910 12 14 16 X
11 13 15
a) YES-Test, sample S2
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100 200
90 180
80 160
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N 100
01 ——— R ————— 80
30 + 60 )
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d) YES-Test, sample S7 e) YES-Test, sample S8
Key
X laboratory
Y EEQ (ng/)
black markgd symbols laboratoty specific expected values with standard deviation (Whisker)
black solid ljne igterlaboratory geometric mean
black dotted lines (small) 95 % confidence interval of the interlaboratory geometric mean
black dotted lines (big) )* 95 % tolerance range of the interlaboratory geometric mean
black dashefl lines 99 % tolerance range of the interlaboratory geometric mean
Figure F.T—Summmary of 17f-estradiot equivatent concentrations (EEQ)ng/ijof sampless2,

$3,S5,S7 and S8

F.2.3 Summary of lowest ineffective dilutions LID

The lowest ineffective dilution is determined as described in Annex . for each independent experiment.
Dilutions are prepared according to Table E.1. All valid single test results were used for the statistical
analysis. The test result of laboratory 11 for sample 3 was identified as an outlier based on the
laboratory mean values and was omitted from the further statistical evaluation.

The low- and unpolluted samples S1 (effluent of a municipal sewage treatment plant), S4 (surface water
Rhine) and S6 (deionized water) showed LID-values of 1, i.e. no statistical significant stimulation of the
assay by the undiluted samples.
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The samples S2, S3 and S5 showed mean LID-values of 2,5, 6,4 and 3,4, respectively. The different
contaminated levels were reflected by these laboratory results. This holds true as well for the ethanolic
samples S7 and S8 with mean LID-values of 2,0 and 4,9.

The relative reproducibility standard deviation (sg) for the aqueous samples S2, S3 and S5 were 49,7 %,
44,5 % and 46,6 %. In case of the ethanolic samples S7 and S8 that were tested optionally by the
laboratories the respective sg-values were 42,0 % and 35,0 %. This results in a mean standard deviation
of reproducibility of 46,9 % for the aqueous samples.

The results are summarized in Table F.4 and shown in Figure F.2.

Table F.4 — Summary of LID results of the Yeast Estrogen Screen (YES, McDonnell[10])
Sample
S1 S2 S3 S4 S5 S6 S7 S8
Nunber of labora- 16 16 16 16 16 16 16 16
tor]es
Number of meas- 43 42 41 44 43 43 23 23
uregments
Invplid measure- 8 7 10 8 7 6 6 6
mehts
0, 1 -
% Ipvalid meas 18,6 16,6 24,4 18,2 16,3 14,0 26,1 26,1
uregments
Number of valid
mefisurements — — — — — — — —
HG :> 12"
Number of valid
mefsurements 35 5 2 34 2 33 3 0
G=[1
Outliers excluded
(sirfgle measure- n.d. — — n.d. — n.d. — —
mehts)
Outliers excluded nd . 111 nd. . nd. . .
(mgans)
Number of labora- 14 14 12 15 14 15 8 8
torjes for statistics
Number of meas-
urements for 35 35 28 36 35 37 17 17
statistics
Laboratory geometric means, (expected values) - n
L0] 1 2,6(2,7)| 69(71) 1 3,8 (4,1) 1 2,3(2,4)| 5,2 (54)
n=3 n=3 n=2 n=3 n=3 n=3 n=3 n=3
L0 1 3,3(3,3) {10,5(10,8)| 1,3 (1,4) | 4,6 (4,7) 1 o .
L03 o o o 2 1 2,5 (5,4) o o
n=1 n=1 n=2
L04 1 3,0(3,0) | 8,0(8,0) 1 4,8 (5,2) 1 1 4
n=3 n=3 n=3 n=2 n=3 n=3 n=1 n=1
LO5 1 3,0 (3,0) o 1 . 1 . .
n=1 n=2 n=1 n=2
L06 1 3,0(3,0) | 7,3(74) 1 3,3(3,3) | 1,L3(1,4) | 1,8(2,1) | 7,3(74)
n=3 n=3 n=3 n=3 n=3 n=3 n=3 n=3
LO7 1 4 6 1 4,2 (4,4) 1 2,9 (3,1) | 6,0 (6,0)
n=1 n=1 n=1 n=3 n=3 n=1 n=3 n=3
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Table F.4 (continued)
Sample
P1 P2 P3 P4 P5 P6 P7 P8
L08 1 2,3(3,4) | 52(6,0) 1 29 (31 1 2,3(2,4) | 3,3(3,3)
n=3 n=3 n=3 n=3 n=3 n=3 n=3 n=3
L09 — — — — — — — —
L10 1 2,5(2,7) | 49(51) 1 3,3(3,9) 1 i .
n=3 n=3 n=2 n=2 n=3 n=3
L11 1 1.3(1.4) _ 1 2 1 1.4 (1.6) | 3,5(3,5)
n=3 n=3 n=3 n=3 n=3 n=2 nEP
L12 1 1,5(1,8) | 83 (8,8) 1 5,2 (5,4) 1 _ Q'\:
n=3 n=3 n=3 n=3 n=3 n=3 _.L
L13 1 2 3(3) 1 1,4 (1,6) 1 61' 6
n=2 n=1 n=2 n=2 n=2 n=1 S n=|L
L14 1 2,4(2,6) | 49(51) 1 3,0(3,0) | 1,4 (1,6}\(%\) . |
n=2 n=2 n=2 n=2 n=2 n=2 1
L15 1 3,5(4,7) |6,0(9,7)n 1 3,5 (4,7) cbu . |
n=2 n=2 =2 n=2 | n=2 |¢n=2
L16 1 3,3(3,3) | 6,0(6,0) 1 3,5 (3,5\@< 4,314 2 4
n=2 n=3 n=2 n=3 n=a2vy n=3 n=1 n=|[l
min - max 20-35[30-105] 1-13 | 14452 | 1-25 | 1,0-29|33-[3
Factor max/min 1,75 3,50 1,3 A \?3,7 2,5 29 2,7
Geometric mean n.d. 2,5 6,4 n.%@ 3,4 n.d. 2,0 49
Expected vhlue 2,8 7,0 $\ 3,8 2,2 5,2
95 % CI 19-33 | 49-84 \\Q) 2,6 -4,4 1,8-2,813,7-p,5
95 % PI 10-63 | 28-147 | 14-8,1 0,9-44 |2,5-,5
99 % PI 0,8-8,4 2,1;{1370 1,1-10,6 0,7-57 |2,0-11,6
s, (repeatability) 112 |~\245 1,36 0,86 0,76
sy, (interlaloratory 0,82 - -~ 1,92 1,10 0,31 1,62
variability) A@ I
sg (reprodycibility) 140 3,12 1,75 0,92 1,79
sr % M 40,1 35,0 36,2 39,1 14.]
s, % %\CQ 29,3 27,5 29,4 14,4 31,5
SR % Q 49,7 44,5 46,6 41,6 34,8
SR/Sr & 1,3 1,3 1,3 1,3 2,4
Sr repeatabili andard deviation
SR repro ility standard deviation
sy, lak c@ ry standard deviation
n.d. not determined
n number of measurements
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Key

X laboratory

Y lowest ineffective dilution LID
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black dotted lines (big)
black dashed lines

Figure

95 % tolerance range of the interlaboratory geometric mean
99 % tolerance range of the interlaboratory geometric mean

F.2 — Summary of lowest ineffective dilution (LID) of samples S2, S3, S5, S7 and S8

F.2.4 Trueness of results

For the samples S2, S3 and S8 the nominal value for the estrogenicity is not available. Therefore, only
a qualitative statement concerning the trueness of the results is possible for these samples. In sum the

reported 1|
effluent of
results for
to 209 ng
value of 3
of the exp
activity. S
mixture it
mean valu

A quantita
compound
potencies
according
laboratory]
measurem

The assign
measured
reported a

In case of
extreme d
other part
comparatiy
might be r
‘measuren
Table F.5 s
included in

For the sar
ranged frg
samples S
relative big
[+11,5 %].

Sults are In good agreement with the expectations (see lable F.1). The sample 2 waj
a municipal waste water treatment plant spiked with 15 ng/l1 EE2. The mean value bf
the estradiol equivalent concentration is 179 ng/1 EEQ (95 % confidence interval15,

4
). Sample S3 was an influent of a municipal waste water treatment plant and shewéd a nTean

,5 ng/1 EEQ (95 % confidence interval 28,0 ng/1 to 45,1 ng/1). This finding is\ih accordg

ctation that the influent of a waste water treatment plant shows a considerable estrog

mple S8 was a mixture of three non-steroidal xenoestrogens. Due to the-¢composition of
as to be expected that this sample should result in EEQ-values > sample S7 (14 ng/1).
for sample S8 was 29,4 ng/1 EEQ (95 % confidence interval 19,2 ng/}to 45,1 ng/1).

ive evaluation of the trueness of the assay is possible with the' spiked sample S5 and

an
the

g/1

nce
bnic
this
The

the

mixture in sample S7. The assigned EEQ values were calculated based on the rel

ive

see Table D.1) of the spiked compounds in the samples S5and S7. The trueness was calculgted
to ISO 5725-2. Additionally, the standard uncertainty “associated with the method fnd

ent results and the respective assigned (true) valué:

ed EEQ value of the spiked sample S5 was determined for each laboratory as a sum of
EEQ value of the unspiked sample S4 and thétheoretical value of the spiking. If a laborat
result < LOQ" for the unspiked sample, the corresponding EEQ value was assumed to be z

bviations from the assigned EEQ value of about 100 %. In contrast, the results from
icipating laboratories show a-high accordance with the assigned values. Given also
rely high percentage of invalid test results from the laboratories L03 and L07, these res
pgarded as highly questiénable and it seems justified to omit them from the calculatio
ent uncertainty’ and ‘method bias” (trueness). Nevertheless, for transparency reag
hows also the respective results based on all values in brackets ‘[]’, i.e. extreme values
the calculations:

hple S5 the 95.% confidence interval of the relative bias from mean recovery of the met
m -3,5 %\funderestimation) to +20,8 % (overestimation) [-19,2 % to +21,1 %]. For
the 95.9%’ confidence interval ranged from -29,6 % to +19,3 % [-33,7 % to +56,7 %].
s from'mean recovery for the sample S5 was +8,7 % [+0,9 %] and for the sample S7 -5,
The overall bias of the method is +4,3 % [+4,4 %]. In sum these results indicate that

evaluated

bias was calculated as the square root of the mean deviation squares between the indivigual

the
ory
ero.

sample S5 the results from LO3 and in case of sample S7 the results from L07 show

the
the
ults
h of
ons
are

hod
the
The
1 %
the

method shows no systematic hias, because the value “zera”, i.e. no deviation from the

rue

result, is included in the calculated confidence intervals for both samples.

The results for the estimation of the trueness are summarized in Table F.5 and shown in Figure F.3.
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Table F.5 — Summary of trueness evaluation for samples S5 and S7 [Yeast Estrogen Screen
(YES, McDonnell[10])]

Sample
S5 S7
Diff Diff
assﬁgged EEQ[ng/l] | real- EEQ EEQ real -
Laboratory [ng/l] = EEQ P4 real assigned astlsllgg/nl?d [r;géll] assigned
+20 (%) (%)
LO1 20 239 39 14 16.8 2.8
(+19,5 %) (+20:0.90)
L02 231 27,6 4,5 . o -
(+19,5 %)
L03 25,7 <LOQ 25,7 . . .
(<100 %)
L04 20 26,4 6,4 . 5)) .
(+32 %)
LO6 20 23,5 3,5 14 11 -3
(+17,5 %) (-21,4 %)
L07 20 28,4 8,4 14 29,6 15,6
(+42 %) (+111,45|%)
L08 20 19,6 -0,4 14 10,3 -3,7
(-2,0 %) (-26,4 %0)
L10 20 15,7 4,3 . . .
(521,5 %)
L11 20 18,7 -1,3 14 18 4
(-6,5 %) (+28,6 %0)
L12 20 255 5,5 . . .
(+27,5 %)
L13 20 15,5 -4,5 14 11,8 -2,2
(-22,5 %) (-15,7 %)
L14 20 18,8 -1,2 . . .
(=6,0 %)
L15 20 22,8 2,8 . . .
(+14,0 %)
L16 20 19,8 -0,2 14 11,8 -2,2
(-1,0 %) (-15,7 %)
Mean SU 4,3ng/1=21,2% 3,1ng/1=219%
[8,0 ng/1=38,9 %] [6,5ng/1=46,7 %]
Mean SU
Aeross sam- 39ng/l
lr_\]pc SS and [7’U “5/1]
S7
RB (true- +8,7 % [+0,9 %] 5,1 % [+11,5 %]
ness)
SU = term standard uncertainty associated with the method and laboratory bias.
RB = relative bias from mean recovery.
NOTE 1 The absolute laboratory-specific differences between assigned and measured EEQ-values are
shown (in parenthesis ‘(): percentage differences from the assigned value).
NOTE 2 In case of sample S5 the result from L03 and in case of sample S7 the result from L07 are excluded
as questionable values from the calculation of the measurement uncertainty and the method bias. The
respective values shown in brackets ‘[]’ are based on all reported values, i.e. extreme values included.
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Table F.5 (continued)

Sample
S5 S7

Lab

EEQ Diff o . Diff
orator assigned EEQ [ng/l] real - assi Sed [n /(%] real -
Y| [ng/11=EEQP4 real assigned g 8 assigned

+20 %) [ng/1] real %)

95 % CI -3,5 % to +20,8 % -29,6 % to +19,3 %

Q2 0/ + +21. 1.0 70/ & Lo 7001
(=] T 7 07707

L1 YA L
|4 O cO— T T, (Y| L

RE

sanjples S5 +4,3 % [+ 4,4 %]

a

acCross

hd S7

9]

% CI -6,1 % to +14,7 %
[-13,4 % to +22,3 %]

SU=
RB =

NOT
show

NOT
as q
resp

term standard uncertainty associated with the method and laboratory bias.
relative bias from mean recovery.

E 1 The absolute laboratory-specific differences between assigned and measured EEQ-values are
n (in parenthesis ‘()": percentage differences from the assigned value).

E 2 In case of sample S5 the result from L03 and in case of sample S7£he result from L07 are excluded
estionable values from the calculation of the measurement uncértainty and the method bias. The
bctive values shown in brackets ‘[]" are based on all reported values, i.e. extreme values included.
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Annex G
(informative)

Use of other yeast strains based on Saccharomyces cerevisiae

G.1 General

Annex G ddscribes the use of other test strains based on S. cerevisiae, especially the test strain according
to Routledge and Sumpter 1996 [Reference (25)].

G.2 Test strain according to Routledge and Sumpter [Reference (25)]

G.2.1 Geperal

This test sfrain has a higher sensitivity for steroidal compounds with estrégen activity like the natfiral
hormones [7f3-estradiol, estrone and 175-ethinylestradiol but is less sensitive for e.g. 4-iso-nonylphgnol.

G.2.2 Strain description

The geners
was used ffor construction. The human estrogen receptor {hER) is expressed under the control of|{the
yeast copp
exogenous
genome. A
responsive
the enzym

G.2.3 Mg

G.2.3.1 1

Dissolve in|

40

2000
1000
750 m
500 m

b 5-galactosidase.

dia

0x Su-DO-Medium (Sumpter).
the following order:

mg L-serine (Z113);
mg L-threonine (7.1.14);

oA

L-valine (7.1.16);

o

L-leucine (7.1.9);

tion of the test strain is described in References [25]and [26]. The S. cerevisiae strain BJ1991

er metallothionein promoter (CUP1). The CUP1Tpromoter is entirely under the contrdl of
y added copper to the media. The respectiye* construct is stably integrated into the ygast
Iditionally, the strain contains a PGK-ERE-lacZ construct as reporter plasmid. The estrdgen
element (ERE) from Xenopus vitellogeriih A2 gene was fused to the gene lacZ which encqdes

250 mg  L-phenylalanine (7.1.12);

150 mg  L-isoleucine (7.1.8);

150 mg  L-tyrosine (7.1.15);

100 mg  Adenine (7.1.3);

100 mg  L-arginine (7.1.4);

500 mg L-asparticacid (7.1.5);

500 mg  L-glutamic acid (7.1.6);
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