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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).
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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
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Water quality — Determination of the estrogenic potential

of

water and waste water —

Part 2:
Yeast estrogen screen (A-YES, Arxula adeninivorans)

W,

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

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

use

. It is the responsibility of the user to establish appropriate safety and health'pract

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

be ¢

1
Thi

farried out by suitably trained staff.

Scope

5 document specifies a method for the determination of the estregenic potential of water

water by means of a reporter gene assay with a genetically modified yeast strain Arxula adg

Thi

Arx
esp
org

Thi

5 reporter gene assay is based on the activation of the human estrogen receptor alpha.

ila adeninivorans is a highly robust and salt- andtemperature-tolerant test organ
bcially suitable for the analysis of samples with highisalinity (conductivity up to 70 mS/cr
hnism can be cultivated in medium with sodium‘chloride content up to 20 %.

5 method is applicable to:

fresh water;

waste water;

sea water;

brackish water;

aqueous extracts and{eachates;
eluates of sediments (fresh water);
pore water;

aqueous solutions of single substances or of chemical mixtures;

y practice.
pd with its
ices.

document

and waste
ninivorans.

sm and is
h). The test

drinking water.

The limit of quantification (LOQ) of this method for the direct analysis of water samples is between
1,5 ng/1 and 3 ng/l 17B-estradiol equivalents (EEQ). The upper threshold of the dynamic range for
this test is between 25 ng/1 and 40 ng/1 176-estradiol equivalents (EEQ). Samples showing estrogenic
potencies above this threshold have to be diluted for a valid quantification. Extraction and pre-
concentration of water samples can prove necessary, if their estrogenic potential is below the given LOQ.

An international interlaboratory trial for the validation of this document has been carried out. The
results are summarized in Annex F.

NOTE Extraction and pre-concentration of water samples can prove necessary.

© ISO 2018 - All rights reserved
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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.

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

3 Terms and definitions

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

[SO and IE€ maintain terminological databases for use in standardization at the following addresse

122}

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

— IEC Elgctropedia: available at http://www.electropedia.org/

31
blank replicate
additional feplicate that contains no test organism, but is treated in the same way as the other replictes
of a samplg

[SOURCE: ISO 10872:2010, 3.5]

3.2
culture medium
nutrients gresented in a form and phase (liquid or solidified)'which support microbiological growtl

3.3
dilution lgvel
D
denominatpr of the dilution coefficient (usingthe numerator 1) of a mixture of water or waste water
with dilutipn water as integral number

Note 1 to enftry: For undiluted water or waste water, this coefficient per definition is 1-1. The correspondingland
smallest pogsible value of D is 1. In this document, the arrow indicates the transition from initial total volunje to
final total vplume.

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

34
dilution wiater
water addgd to the test sample to prepare a series of defined dilutions

[SOURCE: ISO 20679:2005, 3.7]

3.5
50 % effect concentration

ECso

concentration of a compound which causes 50 % of an effect

Note 1 to entry: In the sense of this document the ECs is the concentration of a compound which induces 50 % of
the maximal reporter 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]

2 © ISO 2018 - All rights reserved
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3.7
growth rate
proportional rate of increase in cell density

[SOURCE: ISO 10253:2006, 3.2]

3.8
induction rate
quotient of the mean value of wells with enhanced reporter gene activity measured on

the plates

treated with a dose of the test sample, and the mean value of the corresponding wells treated with the

negative control using the same strain under identical conditions

des¢ribes the dose response relationship between reference compound and the induction rate,'\can b

[SOPURCE: ISO 6107-6:2004, 43, modified — "wells with enhanced reporter gene, activity

replaces "mutant colonies"; "corresponding wells" replaces "corresponding plates”; “quotien
“diffference”.]

3.9
inofulum

fradtion of a culture of microorganisms used to start a new culture, or an exponential
prefulture, in fresh medium

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

reféerence compound
conjpound with~one or more property values that are sufficiently reproducible and well est
enaple the caljbration of the measurement method

[SOPREEX ISO 7405:2008, 3.6, modified — “compound” replaces “material”; “the calibra
measubpement method” replaces “use of the material or substance for the calibration of an

Note 1 to entry: Instead of the negative control, the estimated parameter A of the four-parameter nlodel, which

b used.

measured”
t” replaces

y growing

significant

5 “increase

hblished to

Fion of the
apparatus,

the assessment of a measurement method or for the assignment of values to materials”.]

3.13
reporter gene activity
quantitative activity of a gene attached to the promoter sequence of another gene

3.14
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 strength

[SOURCE: ISO 6107-6:2004, 92]

© ISO 2018 - All rights reserved
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4 Principle

The A-YES (Arxula Yeast Estrogen Screen) is a reporter gene assay which can be used for the
measurement of the activation of the human estrogen receptor alpha (ERa) in the presence of a sample
containing compounds which cause estrogenic effects. By this means the assay detects the estrogenic
activity of the whole sample in its actual state as an integral measure including possible additive,
synergistic and antagonistic mixture-effects.

The human estrogen receptor a is constitutively expressed in the yeast cell under control of a TEF1
promoter. The estrogen receptor belongs to the family of nuclear hormone receptors. If agonlsts of the

estrogen receptg
onal change. As a consequence two receptor protelns form a receptor dlmer Thls actlva:'

conformat
of the estr]
enzyme pl
responsive
and secret
potential @
reaction pi

pgen receptor is measured by the induction of the reporter gene phyK which encedes
iytase. The phyK is fused to an estrogen dependent promoter which contains|estrg
elements (ERE). The ER-dimer binds to the promoter and by this activates the éxpres
ion of the phytase. Finally, the activity of the phytase as a measure for'the estrog
f the sample is determined using an appropriate substrate which is cleaved to a coloy

gen
bion
bnic
red

oduct. The reaction product can be measured photometrically. See Annex C for a scheme of

the test principle.

5 Interferences

Coloured dr turbid samples might interfere with the photometri¢ detection of the cell density and/
or the det¢ction of the cleaved substrate of the reporter enzyme. phytase (see Clause 10 for further
informatiop).

Effects of 1

increase of

leading to

High salini
is a measu
20 % sodiu

Bacterial g
informatio

If filtered {
from the s4
not be detdq

For detailg
see Clause

n.

he sample matrix may lead to a reduction or increase of viable cells and to a reductio
the measurable signal. Estrogenic effects ef‘a sample may be masked by matrix eff
alse negative or false positive test results.

re for its salinity. The Arxula adeninivorans yeast tolerates a conductivity of the sample u
m chloride which meets a conductivity of 180 mS/cm.

rowth in the test wells is assessed by the blank replicate (3.1). See Clause 10 for furt

amples are tested in(opder to remove bacteria from the sample solid particles are separ3
imple also. Thus, substances with estrogenic activity which are adsorbed on particles m
cted.

d information about appropriate sampling material that does not influence the test re|
8.

ratus and materials

1 Or
pcts

Ly can cause toxic effects due to the resulting osmotic pressure. The conductivity of a sanmple

p to

her

ted
ght

sult

6 Appa

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

6.1 Temperature- and time-controlled incubator shaker, shaker orbit at least 3 mm, 30 °C to
37 °C with an accuracy of #1 °C.

If the shaker has no incubation function use a lab shaker with a shaker orbit of at least 3 mm in
combination with an incubator (6.17).

6.2 Lab mini shaker.

© ISO 2018 - All rights rese
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6.3 Multi-parameter measurement device for pH and conductivity or separate devices for each
parameter.

6.4 Steam sterilizer.
6.5 Centrifuge, with a rotor for 96-well plates up to 1 000 g and a rotor for 2 ml reaction tubes.

6.6 Sterile filters, cellulose acetat, 0,2 um pore size.

6.7 —Singte-chrammet pipettes; omimat votume-16-ptup to 10600tk
6.8| Multi-channel pipettes, nominal volume 100 pl and 300 pl.

6.9| Transparent polystyrene 96-well plates with flat bottom (F-profile, 300-ul) and lidl.
6.10 96-deep well plates with at least 1 ml volume with round bottom and square wells.

6.1 Microplate photometer for 96-well plates, for absorbance” measurement for avelength
403 nm * 20 nm and 630 nm #* 5 nm or alternatively 600 nm = 20 nim.

6.12 Air-permeable adhesive foil for deep well plates.
6.18 Reaction tubes, 2 ml.

6.14 Test tubes, 15 ml and 50 ml.

6.15 Multi-channel pipette trough.

6.1 Balance, minimum load 1 mg(d='0,1 mg.

6.1} Incubator, 30 °C to 37-°C€ with an accuracy of +1 °C. For the purpose of using the ifcubator in
conjbination with a shaker acooled incubator is required.

7 |Reagents, media and test strains

7.1 Reagents

As flar as possible, use “reagent grade“-chemicals.

7.1{1 " Hydrochloric acid solution, c(HCI) = 1 mol/L, molecular weight 36,46 g/mol, CAS: 7647-01-0.

7.1.2 Sodium hydroxide solution, c(NaOH) = 1 mol/], molecular weight 40,00 g/mol, CAS: 1310-73-2.
7.1.3 Ethanol, 299,8 %, C;Hs0H, molecular weight 46,07 g/mol, CAS: 64-17-5.

7.1.4 17f-estradiol, 298 %, C1gH2407, molecular weight 272,38 g/mol, CAS: 50-28-2.

7.1.5 Maltose monohydrate, >95 %, C12H22011-H20, molecular weight 360,32 g/mol, CAS: 6363-53-7.

7.1.6 Sodium nitrate, >99 %, NaNO3z, molecular weight 84,98 g/mol, CAS: 7631-99-4.

© IS0 2018 - All rights reserved 5
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7.1.7 Potassium dihydrogen phosphate, 299 %, KH;PO4, molecular weight 136,09 g/mol,

CAS: 7778-

77-0.

7.1.8 Magnesium sulfate pure, MgS04, molecular weight 120,37 g/mol (water free), CAS: 7487-88-9.

7.1.9

CAS: 10025-77-1.

7.1.10 Calcium nitrate, >99 %, Ca(NO3)7, molecular weight 164,09 g/mol, CAS: 10124-37-5.

Iron(III) chloride hexahydrate, >97 %, FeCl3-6H20, molecular weight 270,29 g/mol,

7.1.11 Ca]cium D-pantothenate, >98 %, C1gH32CaN2010 molecular weight 238,27 g/mol, CAS: 137:08-6.

7.1.12 Th
CAS: 67-043

7.1.13 Nig3
7.1.14 Py
7.1.15 D-(
7.1.16 Ing
7.1.17 Bo

7.1.18 Co
CAS: 7758-

7.1.19 Po

jamine hydrochloride, >98,5 %, C12H1gCl2N40S, molecular weight 337,27 g/
-8.

cin, >99,5 %, CeH5NO2, molecular weight 123,11 g/mol, CAS: 59-67-6.

[idoxine hydrochloride, >99 %, CgH11NO3-HCI, molecular weight 205,64 g/mol, CAS: 58-5
+)-Biotin, 298,5 %, C19H16N203S, molecular weight 244,31-gYmol, CAS: 58-85-5.

sitol, 299 %, CeH1206, molecular weight 180,16 g/mol,\CAS: 87-89-8.

ric acid, >99,8 %, H3BO3, molecular weight 61,83'g/mol, CAS: 10043-35-3.

99-8.

fassium iodide, >99 %, KI molecularweight 166,00 g/mol, CAS: 7681-11-0.

ol,

pper(II) sulfate pentahydrate, >99,5 %, ~CuSO4-5H0, molecular weight 249,68 g/iol,

7.1.20 Manganese sulfate monohydrate, >99 %, MnS04-H0, molecular weight 169,02 g/mol,

CAS: 10034

7.1.21 Ziy
7446-20-0

-96-5.

c sulfate heptahydrate, >99,5 %, ZnS04:7H,0, molecular weight 287,56 g/mol, (

AS:

7.1.22 Sodlium molybdate dihydrate, >99,5 %, NapMo04:-2H20, molecular weight 241,95 g/mol,

CAS: 10107

7.1.23 Col

-40-6.

balt(1I) chloride for synthesis, CoCly, molecular weight 129,84 g/mol, CAS: 7646-79-9.

7.1.24 Trisodium citrate dihydrate, >99 %, CgHsNa307:2H20, molecular weight 294,10 g/mol,

CAS: 6132-

04-3.

7.1.25 Citric acid, >99,5 %, CeHgO7, molecular weight 192,12 g/mol, CAS: 77-92-9.

7.1.26 4-Nitrophenyl phosphate disodium salt hexahydrate (pNPP), CcH4NNaz0sP-6H>0, molecular
weight 371,14 g/mol, CAS: 333338-18-4.

7.1.27 Sodium hydroxide, 299 %, NaOH, molecular weight 40,00 g/mol, CAS: 1310-73-2.

© ISO 2018 - All rights reserved
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7.1.28 Sea salt with the specifications: chloride (Cl) 19 290 mg/l, sodium 10 780 mg/l, sulfate
2 660 mg/l, potassium 420 mg/l, calcium 400 mg/l, carbonate (bicarbonate) 200 mg/l, strontium
8,8 mg/l, boron 5,6 mg/l, bromide 56 mg/l, iodide 0,24 mg/], lithium 0,3 mg/l, fluoride 1,0 mg/],
magnesium (Mg) 1 320 mg/1.

7.1.29 Sodium chloride, 299 %, NaCl, molecular weight 58,44 g/mol, CAS: 7647-14-5.

7.1.30 Aceton (purity p.a.), C3HeO, molecular weight 58,08 g/mol, CAS: 67-64-1.

7.2 —Water, gr:\ﬂp 3 as defined in ISQ 3696; water with r‘nndn{‘ﬁvify up-to 5 |r|Ql/r‘m is nrr‘pptable, or
ultrppure water.

If stlerile water is needed, autoclave or sterilize by filtration (cellulose acetate, 0,2 pm))

Water as specified here is also used for the preparation of dilution water which i§ysed for tHe stepwise
dilytion of the test sample.

7.3| Test strain

Thip test strain is derived from Blastobotrys adeninivorans G1214 Syn.: Arxula adeninivofans G1214
(aleu2 aura3::ALEUZ2), Reference [1]. This strain displays an uracikauxotrophy. To prevent any formations
of antibiotic resistances in environment and to increase acceptance regarding legal requirgments the
testf organism contains no antibiotic resistance markers.

Gerjetic modifications: Integration of the selection marker AURA3mm in the plasmid Xplor2t102-hERa-
GAA2(ERE107)-phyK after exchange of the marker-ALEUZ promoter-ATRPIm. The selectjon marker
AURA3mm was isolated from the plasmid pCR4-AURA3mm-13. The sequences of E. coli and Kanamycin
resistant marker were eliminated through restriction digestion. Stable integration of Xplor2}102-hERa-
GAA2(ERE107)-phyK in Arxula adeninivorans.genome was achieved by transformation the [cassette in
urafil auxotroph mutant of A. adeninivorans)G1214 (aleuZ2 aura3::ALEUZ) through recombiration with
255 rDNA.

The yeast cell suspension for determiination of the estrogenic potential of aqueous samples is prepared
from lyophilized yeast cells. As the Arxula adeninivorans cells are lyophilized the test can be|conducted
under highly standardized cenditions and no specific lab equipment for long-term cell cuftivation is
reqpired.

The yeast cells are available commercially. Store the lyophilized yeast cells between 4 °C afd 8 °C and
follpw the manufacturer’s recommendations. After reactivation, the yeast cells can directly pe used for
theltest, precultivation is not needed for testing.

An plternative\to commercially available lyophilized yeast cells are self-made lyophilized feast cells.
The preparation procedure is described in Annex B. The yeast strain can be isolated from cojmmercially
avajlable\lyophilisate.

7.4 Media:

If autoclaving is necessary autoclave for 20 min at 121 °C * 2 °C. Cover vessels loosely (e.g. with
aluminium foil). Never seal air-tight.

7.4.1 17f-estradiol (E2) stock solution.

Dissolve 10 mg of 175-estradiol (E2) (7.1.4) in 10 ml ethanol (7.1.3). Store the 17f-estradiol (E2) stock
solution at <-18 °C. Store the stock solution no longer than 18 months.

If available certified 17f-estradiol reference standard of equal concentration can be used as stock
solution.

© ISO 2018 - All rights reserved 7
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7.4.2 17f-estradiol (E2) working solution.

Dilute 173-estradiol (E2) stock solution (7.4.1) 1-100 by adding 10 pl of the 17p-estradiol (E2) stock
solution (7.4.1) to 990 pl ethanol (7.1.3) and mix well. Make a further 1-10 dilution by adding 100 pl of
the first dilution to 900 ul ethanol (7.1.3) and mix well. The final concentration is 1 mg/1. The working
solution shall be aliquoted in order to avoid thawing and freezing of the working solution. Store the
17B-estradiol (E2) working solution at <-18 °C. Store the working solution no longer than six months.

NOTE Pipetting of organic solvents requires the usage of adequate calibrated pipettes or other suitable
liquid handling equipment.

7.4.3 Maltose solution.

Dissolve 2() g of maltose monohydrate (7.1.5) in 70 ml ultrapure water (7.2). Fill the maltose solution up
to 100 ml yvith ultrapure water (7.2). Autoclave the solution. Store the maltose solution at 2°C to § °C.
Store the npaltose solution no longer than six months.

7.4.4 Salt solution for yeast minimal medium.

Dissolve 3|7 g of NaNO3 (7.1.6), 8,4 g KHpPO4 (Z1.7) and 1 g of MgS04 (%1.8) in 70 ml ultragure
water (7.2]. Fill up to 100 ml with ultrapure water (7.2). Autoclave the solution. Store the salt solufion

for yeast nlinimal medium at 2 °C to 8 °C. Store the salt solution no longer than six months.

7.4.5 Salt solution for saline yeast minimal medium.

Dissolve 2
70 ml ultrg
samples af
similar to
yeast mini

B g of NaCl (7.1.29), 3,7 g of NaNO3 (7.1.6), 8,4 g KH,PO4 (7.1.7) and 1 g of MgS04 (7.1.9
pure water (Z.2). Fill up to 100 ml with ultrapure-water (7.2). For the analysis of sea water
d brackish water samples the 28 g of NaCl may be replaced by 28 g of a salt composifion
the salt composition of sea water. Autoclave;the solution. Store the salt solution for safline
mal medium at 2 °C to 8 °C no longer thansix months.

) in

7.4.6 Mi¢ronutrient solution.

Weigh the following chemicals separately:

0,05 g H3BO3 (Z.1.17), 0,01 g CuSO45H,0 (7.1.18), 0,01 g KI (Z1.19), 0,04 g MnSO4-Hz0 (Z1R0
0,04 g ZnSQ4-7H,0 (7.1.21), 0,02 gNa;Mo04-2H,0 (7.1.22), 0,01 g CoCl (7.1.23).

Merge the
Precipitati

chemicals and dissolve them in 100 ml ultrapure water (7Z.2). Autoclave the solut
bn after autoclaying has no influence on quality. Shake the solution before using it. Store

micronutri

7.4.7 Fe

Weigh 0,2
FeCls solu

nt solution at'2/°C to 8 °C. Store the micronutrient solution no longer than 12 months.

13 solution.

ion.
the

the

of Fe(III)C13 hexahydrate (z19 9) and dissolve 1t in 20 ml ultrapure water (7.2). Sterlllze
ion’b 0,2 13 sol 1

longer than six months.

7.4.8 Ca(NO3)3 solution.

no

Weigh 10 g of Ca(NO3)2 (Z.1.10) and dissolve it in 10 ml of ultrapure water (Z7.2). Sterilize the Ca(NO3)2
solution by filtration (0,2 pm). Store the Ca(NO3)3 solution at 2 °C to 8 °C. Store the Ca(NO3); solution no
longer than six months.

7.4.9 Vitamin mix.

Weigh the following chemicals separately:
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0,2 g Calcium-D-panthothenate (7.1.11), 0,2 g thiamin hydrochloride (7.1.12), 0,05 g niacin (7.1.13),
0,02 g biotin (7.1.15), 0,2 g pyridoxin hydrochloride (7.1.14), 2 g inositol (7.1.16).

Merge and dissolve the vitamins in 50 ml ultrapure water (7.2). Sterilize the vitamin mix by
filtration (0,2 pm). Store the vitamin mix at 2 °C to 8 °C no longer than six months.

7.4.10 Yeast minimal medium with maltose.

Pipette 1 ml of FeClz solution (74.7), 1 ml of Ca(NO3); solution (7.4.8), 1 ml of micronutrient
solution (7.4.6) and 0,5 ml vitamin mix (7.4.9) to 96,5 ml of the salt solution (7.4.4). Add 100 ml maltose
solution (74 ?)

Theg yeast minimal medium with maltose is five-fold concentrated. Store the yeast minimal|medium at
2 °( to 8 °C. Store the yeast minimal medium no longer than six months.

7.4{11 Saline yeast minimal medium with maltose.

Pipette 1 ml of FeClz solution (74.7), 1 ml of Ca(NO3); solution (7.4.8), 1 ml of mi¢ronutrient
solytion (7.4.6) and 0,5 ml vitamin mix (7.4.9) to 96,5 ml of the salt sofution for saline yeajst minimal
medium (7.4.5). Add 100 ml maltose solution (7.4.3).

The saline yeast minimal medium with maltose is five-fold concenttated. Store the saline yegst minimal
medlium at 2 °C to 8 °C. Store the saline yeast minimal mediummo longer than six months.

7.4112 Substrate buffer.

Weigh 10,35 g of trisodiumcitrate dihydrate (7.1.24¥and 12,45 g of citric acid (7.1.25) |separately.
Disgolve every reagent in 60 ml of ultrapure water (7.2). Merge the two solutions and fill up to 200 ml
with ultrapure water (7.2). Autoclave the substrate buffer and cool down before using if. Store the
subktrate buffer at 2 °C to 8 °C. Store the substrate buffer no longer than six months.

7.4]13 Phytase substrate solution.

WelJlgh at least 15 mg of 4-Nitrophenyl phosphate disodium salt hexahydrate (7.1.26) and dissolve it in
equfivalent volume substrate buffer. A volume of 15 ml phytase substrate solution is sufficignt for two
test plates. Prepare phytase substrate solution always fresh and use within 2 h.

7.4]114 Developer.

Disgolve 24 g of selid-sodium hydroxide (7.1.27) in 200 ml ultrapure water (7.2). Autoclave the sodium
hydiroxide solution*and cool down before using it. Store the developer at room temperaturg¢. Store the
devgloper solution no longer than six months.

8 [Sampling and samples

8.1 General

This document describes specific requirements for the sampling with respect to the determination of
estrogenic activity in water samples. For general information about sampling consider ISO 5667-16.

8.2 Bottles and material for sampling

Use clean glass bottles (borosilicate glass) with polytetrafluoroethylene (PTFE)-lined caps. To avoid
photo-degradation of compounds of interest, use amber glass bottles. If transparent glass bottles are
used, wrap the bottles in aluminium foil or store them in a dark container.

Alternatively, bottles made from aluminium or stainless steel (both uncoated) may be used. Assess that
a material different from borosilicate glass does not affect results.
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8.3 Bottles and material pre-cleaning

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 (7.1.30). 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 (7.1.30). Let the residual acetone evaporate.

8.4 Sam

pling procedure

Use dispos
skin conta

Fill the bot
the sample
isin order
process.

Do not stal

Either cool

hble nitrile-gloves during sampling. Do not use any hand-cream prior to sampling anday
t with the sample. Use material from glass, PTFE, aluminium or stainless steel only:

tles completely. Consider possible expansion of the sample due to a change of temperatur
s are to be frozen as part of their preservation, the bottles shall not be complétely filled.
to prevent breakage which may arise from expansion of ice during the freezing and thaw

ilize the samples with chemicals.

down the samples to 2 °C to 8 °C or freeze the samples at <-18¢¢€.

8.5 Tranpsport of samples

Deliver thdg

During tra
temperatu

Cooling or
available fi
instance in

samples to the laboratory as soon as possible after sampling.

hsport keep the sample container frost- and break-proof, protected from exposure to li
e increase and external contamination.

freezing procedures shall be applied to the samples in order to increase the time pe
br transport and storage. Cooling shotild commence as soon as possible after sampling
cool boxes with ice, frozen gel packs;or cooling elements. A cooling device in the tran

vehicle is dlso suitable. A cooling temperatgre 'during transport of 2 °C to 8 °C has been found suit

The sugge
box) and n

S
{ble.
sted cooling temperature applies to the surrounding of the sample (e.g. inside the cooling

bt for the sample itself.

If the sample is frozen, avoid thawing of the sample (e.g. transport on dry ice). If dry ice is chosen

transport,
dry ice.

the bottles should bé wrapped in paper or in air bubble film to avoid direct contact with

8.6 Pretreatmentofsamples

Preferably
of particle

analysesthe samples non-filtered immediately after sampling because of the possible
associated estrogenic activity. The decision about a sample filtration (e.g. cellulose acet

roid

e. If
[his
ing

ight,

-iod
for
ort

for
the

Joss
ate,

0,45 pm pgre size) is to be taken by the performing laboratory according to the application and bgsed
on the experteree—with—the aaulylc t_y Pt et ;uvcotisatiuu. RC}JUlt H any—case H-a—fitered—ornon-

filtered sample was tested. Further information about possible impacts of filtration on samples with
estrogenic activity is given in References [13] and [14].

Adjust the sample to a pH of 7,2 + 0,2 using either HCI (Z.1.1) or NaOH solution (7.1.2). Select the acid or
alkali concentrations such that the added volumes are as small as possible. Avoid over-titration. Dilute
HCI (Z1.1) or NaOH solution (Z.1.2) if necessary. The adjustment of the sample pH might affect the
sample. Report all visible changes caused by the adjustment of the pH value (See ISO 5667-16).

Measure the conductivity of the sample.
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Storage of samples

Test the samples immediately after sampling. If this is not possible, keep water samples at 2 °C to
8 °C (<7 d) or below -18 °C (up to two months). For multiple testing divide larger samples in advance
into appropriate portions, since thawed samples can only be used on the same day. Avoid 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 over night. Do not use a microwave to
thaw samples.

Storage of the sample may impact the estrogenic activity of the sample. Possible changes are sample

dep

ending. Specify the duration and conditions of sample storage based on experience with t

the specific

san
isg

9

9.1

9.1

Th3
10
1-1
con

ple type. Further information about possible impacts of storage on samples with estroge
ven in References [15] and [16].

Procedure
Test set up

1 Preparation of the reference dilution series

w the 17F-estradiol working solution (7.4.2). Dilute the working solution 1-100 [e.g.
Ll of the 17B-estradiol working solution (7.4.2) to 990 4l ultrapure water (7.2)]. Mak
0 dilution [e.g. by adding 100 ul of the first dilutionto- 900 pl ultrapure water (7.2)]
centration is 1 ug/l.

Dilution series of the E2-reference: Prepare the dilutions of E2 for the dose response cury

glag
pre
dily
8 n
con

The
rep

s vials with a cap which is lined with polytétrafluoroethylene (PTFE). Table 1 sum

tion series. For the dose response curve, seven E2 concentrations are used (1 ng/l, 2
/1, 20 ng/l, 40 ng/l, 80 ng/1 E2). After addition of the yeast cells to the test well tl
centrations are 0,8 ng/l1, 1,6 ng/l1, 3,2 \ng/1, 6,4 ng/1, 16 ng/1, 32 ng/1, 64 ng/1 E2.

total volumes of the E2 dilutions shown in Table 1 are sufficient for one test platg
icates per dilution level (400\ul per replicate).

Table 1 — Preparation of E2 dilution series for the dose response curve

hic activity

by adding
b a further
. The final

e in amber

arizes the
paration of the E2 dilution series for the-d@se response curve. Use ultrapure water %) for the

/1, 4 ng/],
e final E2

with two

B2 stal_'ting Vaiyide EZ-starting Volume of water c(E2) final solution| Totalfvolume

solution solution
1ug/l 0,56 ml 6,44 ml 80 ng/l 71 ml

80 ng/l 2,5ml 2,5ml 40 ng/l 3 ml

40 ng A 2,5 ml 2,5ml 20 ng/1 9 ml

20 ng/1 2,0 ml 3,0ml 8 ng/l 3 ml
St 25t 25t 4 8 ml
4ng/l 2,5ml 2,5ml 2ng/l 5ml
2ng/l 2,5ml 2,5ml 1ng/l 5ml

9.1.2 Reactivation of the yeast

For

one 96-well test plate one vial with lyophilized yeast is required.

Bring the yeast minimal medium with maltose (7.4.10) to room temperature before using it. Dilute the
yeast minimal medium with maltose (7.4.10) 1- 5 by adding 8 ml of ultrapure water (7.2) to 2 ml of the
yeast minimal medium with maltose (7.4.10).

©IS
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Add to the vial with the lyophilized yeast 2 ml of the diluted yeast minimal medium with maltose
and mix it well until the pellet is completely solved (e.g. use a lab mini shaker). Transfer the yeast in
a closable reaction tube and centrifuge for approx. 20 s at 3 000 g. After that carefully remove and
discard the supernatant liquid and transfer it into a collecting vessel.

Add 1 ml of the diluted yeast minimal medium with maltose to the pellet and resuspend it (carefully up
and down pipetting is recommended). Afterwards, centrifuge the reaction tube for approx. 20 s at 3 000 g.
After that carefully remove and discard the supernatant liquid and transfer it into a collecting vessel.

Add 1 ml of the diluted yeast minimal medium maltose to the pellet and resuspend it (carefully up and
down pipetting is recommended). Afterwards, centrifuge the reaction tube for approx. 20 s at 3 000 g.

After that

Add1mlo
and down

shaker plat
orbitand s

Lab shaker
characteris

9.1.3 Ne

Use ultrapyire water (7.2) as negative control:Each 96-well plate shall contain at least two replicatg

the negatiy

9.1.4 Blankreplicate

For each s
undiluted s
blank repli
(correction]

Formula (6

For the neg

arefully remove and discard the supernatant liquid and transfer it into a collecting vess¢

[ the diluted yeast minimal medium with maltose to the pellet and resuspend it (catrefully
bipetting is recommended). Fix the reaction tube with the yeast in a horizontalposition
form and incubate for approx. 1 h at 30 °C + 2 °C. The frequency of the shakerdeéepends on|
hould be 50 % of the frequency range given in Table 2.

Table 2 — Shaker frequency subject to the shaker orbit

Orbit Frequency
mm
3to4,5
15 to 20

25

rpm

750 to 1 000
450 to 480
370 t0:390

s with the same shaker orbit from different manufactures may have different orbit vibra
tics. Evaluation of the optimum shaker frequency may thus be necessary.

gative control

e control. Use a volume of 400 pkper replicate.

mple add at least two blank replicates (3.1), 400 pl each, on the same 96-well plate. Use
ample for the blank@eplicates. If it proves necessary, that the sample has to be diluted for
ates (e.g. in case®f very high microbial load) this has to be taken into account in Formulg

of sample coloration and/or artificial substrate cleavage). If so, replace the denominatg
) by the pottion of sample in the sample blanks.

ative.control and the E2-reference two blank replicates for each are sufficient. For the bl

pl.
y up

bn a
the

fion

s of

the
the

 (6)

rin

ank

of the refeijence 175-estradiol (7.1.4) the calibration level (reference dilution) 80 ng/1 is used.

9.1.5 Sample dilution

Homogenize the sample before use by shaking. Prepare successive dilutions of the test sample with the
test sample specific dilution water (see Annex E for a dilution series).

For samples with conductivity equal or less than 8,0 mS/cm use ultrapure water (7.2) as dilution water.

For samples with conductivity greater than 8,0 mS/cm the conductivity of the dilution water needs to
be adjusted with NaCl (7.1.30) to an equal value. In case of sea water samples or brackish water samples
NaCl may be replaced by a salt composition similar to the salt composition of sea water, e.g. by sea
salts (7.1.28).

Test at least four replicates for each dilution level.
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A recommended set up for chemicals and extracts is shown in Annex D.

NOTE If the conductivity of a series of samples differs not more than 10 % the mean conductivity for these
samples can be used for adjustment of the conductivity of the dilution water.

9.1.6 Field blank

Test at least the undiluted field blank (3.6) in four replicates. In this case the blank replicates of the
negative control may be used for the field blank also.

If appropriate the field blank may also be analysed like a sample. If so, prepare appropriate dilutions of
thelfield blank as described in 9.1.5. Concerning the blank replicates proceed as described-in 9.1.7.

Forleach sample a representative field blank has to be analysed using equivalent medjaj.cell ¢ulture and
equiipment. If a field blank is representative for a series of samples it may be tested@nly oncg.

9.1]7 Plate setup

Use|a volume of 400 pl for each well (sample, sample dilutions, dilutions of reference (EZ), negative
control, field blank, blank replicates).

Forleach sample, appropriate dilutions should be tested (for waste water samples at least seyen dilution
levgls are recommended). Test at least four replicates of each _dilution level on the same 96fwell plate.
Test for each sample at least two blank replicates on the same.96-well plate. Use the undilufed sample
or the highest sample concentration that is analysed in the\test for the blank replicates.

Additionally, the sample plate shall contain at least wo replicates of the negative contrpl and two
replicates for the blank of the negative control.

Tesf on each sample plate a dose response relationship of the reference 174-estradiol (7.1.4) ih duplicate.
Test for the calibration level (reference dilution) 80 ng/1 E2 at least two blank replicates.

A r¢commended plate setup is shown inAnnex A.
The inoculation with the reactivated yeast cells has to be done within 2 h after the plate setyp.

A r¢ecommendation for an alternative test design (plate set up) with only one sample dilutign is shown
in Annex 1.

9.1{8 Inoculation ofthe test plate

9.1/8.1 Preparation of test sample specific inoculation medium

Prepare forevery sample the inoculation medium.

For|samiples with a conductivity equal or lesser than 8,0 mS/cm use saline yeast minimal m¢dium with
maltése (7.4.11) as inoculation medium. If only few dilution levels of a test sample should He analysed
and no prior Kknowledge of the estrogenic activity of the test sample exists it's also possible to use yeast
minimal medium with maltose (7.4.10) as inoculation medium.

Adjust the conductivity of the inoculation medium for samples with conductivity greater than 8,0 mS/
cm by mixing different volume fractions of yeast minimal medium (7.4.10) and saline yeast minimal
medium (7.4.11) as follows: use 0,143 x c(sample) ml of the yeast minimal medium with maltose (7.4.9)
and [5 - 0,143 x c(sample)] ml of the saline yeast minimal medium with maltose (7.4.11), where
c(sample) denotes the salinity of the sample. Estimate the salinity from the conductivity by a dilution
series of NaCl (7.1.30) in water (7.2) or measure the salinity with an appropriate measuring device. Mix
the volume fractions of the two media.
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For test samples with a conductivity greater or equal 54,2 mS/cm use the yeast minimal medium with
maltose only (7.4.10).

EXAMPLE A test sample has a conductivity of 279 mS/cm at 20 °C. By means of a dilution series of NaCl
in ultrapure water at 20 °C the relation between conductivity and salinity was determined and salinity of the
sample was calculated to be 18. The volume of yeast minimal medium with maltose (7.4.9) is 0,143 x 18 = 2,57 ml.

The volume

NOTE

of saline yeast minimal medium with maltose (7.4.11) is 5 - 0,143 x 18 = 2,43 ml.

samples can be used for adjustment of the conductivity of the inoculation medium.

For inoculj
saline yeas
tube (e.g. !
trough. In
wells of the

If for sam]
maltose (7
inoculatior
equal or le

9.1.83 1

Pipette 10

Mix the rer]
yeast (9.1.2
into a pipe
100 pl of t
deep well 1

After inoctilation of the complete(test plate seal the deep well plate with the air permeable foil

centrifuge
and incub4d
the shaker

9.2 Measurement

9.2.1 Mg

ipette 100 pl of the saline yeast minimal medium with maltose (7.4.11) in the respective we

ition of the negative control, the reference compound proceed as follows: Fill'4,8 ml off
t minimal medium with maltose (7.4.10) and 0,25 ml of reactivated yeast (9.1.2) into
5 ml tube). Gently sway the tube and pour the yeast minimal mediu ‘mix into a pip
culation is performed by pipetting 100 pl of the prepared yeast minimal medium mi
t deep well plate (multi-channel pipette or multi-stepper recommended).

bles with conductivity equal or lesser than 8,0 mS/cm, the yeast minimal medium Vv
14.10) is used as inoculation medium, then this same médium shall also be used for
of wells without test sample. In this case please ensure‘that only samples with conducti
bser than 8,0 mS/cm are analysed in parallel with one 96-deep well plate.

noculation of wells with test sample
ul of sample specific inoculation medium-(2:1.8.1) to the sample blanks.

haining volume (4,8 ml) of the sample specific inoculation medium with 0,25 ml of reactivd
) in one tube (e.g. 15 ml tube). Gently'sway the tube and pour the yeast minimal medium
[te trough. Inoculate the respectivésample and the respective sample dilutions by pipet
he prepared sample specific inoetulation medium with yeast in the respective wells of]
late (multi-channel pipette.ormulti-stepper recommended).

briefly (max. 200 x g; 10 s). Place the deep well plate on the platform of a shaking incub
te the plate at 30 2€till 32°C (x2 °C) for 22 h * 2 h. The frequency of the shaker depend
orbit and should4n the frequency range given in Table 2.

asurement of the reporter gene activity

If the conductivity of a series of samples differs not more than 10 % the mean conductivity for these

d as
Is.

the
one
ptte
K in

vith
the
ity

ted
mix
[ing
the

and
htor
5 on

h] of

Bring subs

o loa £C P2 A | 1 i 4 4 Laf, 3 £l D +£.1 £ 10
I'dlce UuIlicl aIiiua UCVCIUPCI LU 1 UVUIII LCIIAPCI dluUurtc UTtivulrcT uouls CIICIIL. 1T 1 Cl.lalc altilictdo LI I

phytase substrate solution (7.4.12).

Put the deep well plate into a suitable centrifuge with a rotor for microtiter plates. Centrifuge the cells
for 10 min at 700 x g. After centrifugation, transfer 50 pl of the clear supernatant liquid out of each
well into a new microtiter plate (multi-channel pipette recommended). Try to avoid bubbles and do not
disrupt the yeast pellet. The pipette tips have to be replaced after each step.

Afterwards, add 50 pl of the prepared phytase substrate solution (7.4.12) in each well of the microtiter
plate with the clear supernatant (multi-channel pipette recommended). Cover the microtiter plate
with a lid and centrifuge it briefly (max. 200 x g, 10 s). Transfer the microtiter plate in an incubator for
1h+5minat37°C+2°C.
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After 1 h + 5 min of incubation measure the absorption with a photometer at a wavelength of
405 nm * 20 nm. Afterwards, fill 100 ul of developer solution in each of the wells (multi-channel
pipette recommended) and measure again the absorption with a photometer at a wavelength of
405 nm #* 20 nm.

If the absorption measurements are out of the linear range of the photometer a further dilution may
overcome this problem. It’s also possible to reduce the incubation time slightly, e.g. from 1 h to 45 min.

9.2.2 Measurement of the cell density

for microtiter plates a suitable dil | has to be
madle. Determination of the quantifiable range of the photometer for microtiter plates‘can be made
with a precise dilution series of yeast cell suspension and assessment of the relation between dilution
and| cell density.

In the case of sufficient yeast cell growth with a good shaped pellet after centrifuigation of the deep well
platle fill 290 pl of ultrapure water in every well of a 96-well microtiter plate (multi-chanpel pipette
recpmmended). Mix the yeast cell suspension in the deep well plate thoroughly by vigorous shaking
(a 1ab mini shaker is recommended). Transfer immediately 10 pl of yeast cell suspension per well of
the|deep well plate into the microtiter plate (avoid sedimentation of yeast cells, multi-channel pipette
recpmmended). Measure the optical density at 630 nm * 5 nm opalternatively at 600 nm * 2() nm. In the
cas¢ of poor yeast cell growth with a small or diffuse pellet use\a lower dilution e.g. 270 pl of ultrapure
watler and 30 pl of cell suspension.

Use|a second microtiter plate and a further dilution if thie measurement values of the cell dlensity are
out/of the linear range of the photometer for microtite¥plates.

Calgulate the final optical density for the negativeicontrol and reference compound by multiplication of
the|dilution factor with the background corrected optical density at 630 nm. Use the OD 6B0 value of
the[blank for the negative control for background correction. Calculate subsequently the mean optical
denisity for the negative control and refepence compound.

EXAMPLE Mixing of 30 pl yeast cell suspension and 270 pl ultrapure water corresponds to a dilution factor
of 1. For an OD 630 value of 0,641 and a dilution factor of 10 the final OD is 0,641 x 10 = 6,41.

9.3| Calculations

Alnjost all calculations are based on the measurement of the reporter gene activity and dell density
aftgr addition of developer solution. Only for the assessment of artificial substrate clgavage the
megdsurements of €heabsorbance at 405 nm before and after addition of developer solution dre used.

An example ferithe evaluation of a test according to 9.3. is shown in Annex K.

9.3]1 «Background correction

Cl | NS NN N 1 A | tad ol 1N A £ 1i Yoz ol gL lAlt' SD
a CuUuIldiT uIIc Ua\.l\sl vuliu turriceitu douoyvul UClll\.CﬂBL,q,Ub IUL CTVUI )’ I CIJIILCILCJ Urteolil LDClllllJlC u u lons Il

reference dilutions RD, negative control NC) according to Formula (1):
Apc,a05 (1,J)=As05 (i, /)~ Bags (NC) ()

where
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Agc 405 (i,j) is the background corrected absorbance at 405 nm for replicate j of test i;

Ayos(i,j)  1s the absorbance at 405 nm for replicate j of test i;

%(NC) lso‘;liio(lr.obust) mean of the absorbance at 405 nm for blank replicates of the negative

%(RD) is the (robust) mean of the absorbance at 405 nm for blank replicates of the reference.
Calculate thebackgroumdcorrectedabsorbance Aprg3v forevery repticatejof test{sampteditutiony SD,

reference d
Agc 63

where

Apc 63

Ag3o (

Be3o (

Bg3o (

If no sign

respective
can be use

variance a
more than

9.3.2 Ca

The relatiy
calculated

Formula (3

G(i,J)

ilutions RD, negative control NC) according to Formula (2):

(i,J)=Ae30(i,7)—Be3o (NC) (2)

A (i,j) is the background corrected absorbance at 630 nm for replicate j of test i;
is the absorbance at 630 nm for replicate j of test i;

is the (robust) mean of the absorbance at 630 nmdforblank replicates of the negatjve
control;

is the (robust) mean of the absorbance at 630,nm for blank replicates of the reference.

ficant differences between By (NC) awd Bygs(RD), and Bggzo(NC) and Bgzq (K

y, exist, the absorbance for the blanks efthe negative control and the blanks for the referg
d instead of the results of the negatiye control alone. Significance can be determined u

halysis (significance level 1 %).Additionally, B,os(RD) and Bgzo (RD) should not devjate

D),
nce
bing

30 % from B,g5 (NC)and Bgyg (NC), respectively.

culation of the relative.growth

e growth G(i, j) forevery replicate j of test i (sample dilutions SD, reference dilutions RIp) is
in order to assess.yeast growths effects. The relative growth G(i, j) is calculated accordinlg to

):
| Apcezill. /) (3)
Agce30 (NC)

where

G, J)

Apc 63

Apc 63

Apce3

16

is the relative growth for replicate j of test i;

0 (i,j) is the background corrected absorbance at 630 nm for replicate j of test i;

(NC) is the (robust) mean of the background corrected absorbance at 630 nm for repli-
0

cates of the negative control;

is the (robust) mean of the background corrected absorbance at 630 nm for repli-

o (RD) cates of all reference dilutions.
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If no significant differences between Ap ¢3¢ (NC)and Apc g3 (RD) exist, the absorbance for the negative

control and the reference can be used instead of the results of the negative control alone. Significance
can be determined using variance analysis (significance level 1 %). Additionally, the dilution specific

mean corrected absorbance at 630 nm for the reference [ABC'630 (RD)} should not deviate more than

30 % from the mean corrected absorbance at 630 nm for the negative control [ABC,630 (NC)]

For each test i the relative standard deviation of the background corrected absorbance at 630 nm of
replicates [ABC_630 (i,j)] should be <15 %. Otherwise, technical problems during test performance

may have occurred. The results for the relative standard deviation of Ap ¢3¢ (i,/) have to Ie included
in the test report.

Furthermore, the relative growth G (1) for every test i (sample dilutions SD, reference dilutfions RD) is
caldqulated according to Formula (4):

E(i):mean[G(i,j)] 4)
whéere

G(i,j)  istherelative growth for replicate j of test i;

G (1) is the relative growth for test i.

For|the calculation of the mean a robust statisticallapproach is applicable.
9.3]3 Calculations for assessment of sample blanks

9.3]3.1 Calculations for assessment.of sample coloration and artificial cleavage of substrate

Sample coloration
Calgulate the relative absorbance Ap for sample S according to Formula (5):

sl

Ap (S)=—=
B 495 (NC)

(5)
whére

Ap is the relative absorbance for sample S;

(<) is the (robust) mean of the absorbance at 405 nm for blank replicates of sanjple S;
7

B (NC is the (robust) mean of the absorbance at 405 nm for blank replicates of the negative
405 (NC) control.

If Ap (S) >1,5 the sample has a coloration similar to the product of the reporter enzyme and/or an

artificial cleavage of the substrate takes place. If so, compute the correction value Ag for each sample
dilution i of sample S according to Formula (6):

AE(i):[B405 (S)—Bg'ogs(NC)}xp(") 6

where
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Ag (i) is the correction value for sample dilution i of sample S;
P (i) isthe portion of sample for sample dilution i.

If Ap(S) < 1,5 the correction values Ag (i) are set to 0.

EXAMPLE 250 pl sample, 150 pl dilution water and 100 pl inoculation medium gives a total volume of 500 pl.
The relating portion of sample for this dilution i is P(i) = 250/500 = 0,5.

If no significant differences between B,g5 (NC) and Byos (RD) exist, the absorbance for the negative
control ang-thereferenceeanbewsedinsteadotthe resnlsetrthe nesativeeontrelalene—Sienitieance

can be det¢rmined using variance analysis (significance level 1 %). Additionally, Bygs (RD) should|not

deviate mqre than 30 % from Bo5 (NC).

Artificial cleavage of substrate

Based on the measurements of the absorbance at 405 nm of sample blanks, negative‘¢ontrol blanks pand
reference Blanks before and after addition of developer solution (9.2.1) it is possible to determine iff{the
sample colpration may partially be caused by artificial substrate cleavage.

Calculate the difference Dsc for every replicate j of test i [sample blank SB, blank for negative conitrol
(NB), blank for the reference (RB)] according to Formula (7):

Dgc (1)) =Baos (1, /)~ B4os before (i) (7)
where
Dqc (,- j) is the difference for replicate j of test i;
Byos (1,)) is the absorbance at 405 nm for replicate j of test i after addition of developer
solution;

is the absorbance at 405 nm for replicate j of test i before addition of develope

B 5 i,j
405,before ( ) solution.

Furthermdre, calculate the mean difference Dsc for every test i [sample blank (SB), blank for negafive
control (NB), blank for the reference (RB)] according to Formula (8):

g(i)zmean[Dsc (i,j)] (8)

Artificial cJeavage ef/substrate takes place if the mean difference for sample blanks [D_SC(SB)} minus

the mean difference for negative control blanks [%(NB)} amounts not more than 15 % of the mean

corrected absorbance at 405 nm of the negative control [E(NC)} [see Formulae (13) and (14),

respectively].

As alternative, use the parameter a instead of the corrected absorbance at 405 nm of the negative
control [a is the bottom curve point of the four-parameter model which describes the dose response
relationship between the reference compound and the corrected absorbance (see Annex H for additional
information)].

If no significant differences between DSC(NB) [differences for negative control blanks (NB)] and

Dgc (RB) [differences for reference blanks (RB)] exist, the mean difference D_SC(NB,RB) for negative
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control blanks (NB) and reference blanks (RB) can be used instead of the results for negative control

blanks [@(NB)J alone. Significance can be determined using variance analysis (significance level 1 %).

It has to be included in the test report if the sample shows coloration similar to the product of the
reporter enzyme and/or artificial cleavage of the substrate takes place. However, it should be noted
that these effects are considered and corrected by the described calculation procedures.

9.3.3.2 Calculations for assessment of sample turbidity

Calculate the relative absorbance A for sample S according to Formula (9):

Be3o (S)
AF (S) i (9)
Bg3o (NC)
wheére
Af is the relative absorbance for sample S;

Be3o (S) is the (robust) mean of the absorbance at 630 nm for blafik replicates of samplle S;

is the (robust) mean of the absorbance at 630 nm(for blank replicates of the npgative

Bg3o (NC) control.

If np significant differences between Bgz, (NC) and Bgyy(RD) exist, the absorbance for the negative
confrol and the reference can be used instead of the-fésults of the negative control alone. Sjgnificance

can/be determined using variance analysis (significance level 1 %). Additionally, Bg3 (RD) should not

devjiate more than 30 % from Bgz, (NC).

If the relative absorbance Af for sample S*is >3 the sample might be turbid. One reason may be the
relgtively high microbial load of the sdmple. On the other hand there may be particles present in the
sanjple. In this case, (sterile) filtration of the respective sample may prove useful. Anyway,|this has to
be included in the test report.

9.3/4 Calculation of the reporter gene induction

Calgulate the correctédyabsorbance Ac for every replicate j of test i (sample dilutions SD), reference
dildytions RD, negatitejcontrol NC).

Calgqulation of thecorrected absorbance for sample dilutions

Calgulate the corrected absorbance Ac for every replicate j of sample dilution i and sample $ according
to the fellowing procedure:

Determine the significance (significance level 1 %) of growth effects across all sample dillitions 7 for
sample S using the background corrected absorbance at 630 nm Ag 439 (i,j) for sample S. Significance

of growth effects can be determined using variance analysis.

Furthermore calculate the mean relative growth G for sample S according to Formula (10):

G(S)=mean|G(i)] (10)

where
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G(S) is the mean relative growth for sample S;

G (1) is the mean relative growth for sample dilution i of sample S.

For the calculation of the mean a robust statistical approach is applicable.
Perform a growth correction if:

1) there are significant growth effects between sample dilutions of sample S and if the relative growth
G (1) fprthe dilution levet with the lowest amount of sampie 15 = 0,85;

OR

2) there gre no significant growth effects between sample dilutions of sample S, but the mean relafive

growth G(S) is statistically significant > 1.

Perform the growth correction by calculation of the corrected absorbance Ac for-every replicate|j of
sample dilyition i and sample S according to Formula (11):

_ Apc,a05 (1) 4 (1)~ Apc,a05 (NC)
G(i)

If no growith correction is necessary, calculate the corrected absorbance Ac for every replicate|j of

sample dilyition i and sample S according to Formula (12):

+ Apc 405 (NC) + Byos (NC) (11)

Ac (i,

Ac (i, J)= Apc 405 (1, 7) = Ag (i) + Bags (NC) 12)
where
Ac (,-,J ) is the corrected absorbance for replicate j of sample dilution i of sample S;

A (i ) is the background corrected absorbance at 405 nm for replicate j of sample diluti¢n i
BC,405 17 of sample S;

B is the mean background corrected absorbance at 405 nm of the negative control. As
Agc405 (NC)

alternative, G8e the background corrected parameter a instead, i.e. a—B 45 (NC)

—
o))

is the bottom curve point of the four-parameter model which describes the dose
response relationship between the reference compound and the corrected absorh
ancg (see Annex H for additional information)];

is the (robust) mean of the absorbance at 405 nm for blank replicates of the negatjve
Baos (NO\* control;

Ag (1) is the correction value for sample dilution 7 of sample S;

G (i) is the relative growth for sample dilution i of sample S.

Calculation of the corrected absorbance for dilutions of the reference compound and negative control

Calculate the corrected absorbance Ac for every replicate j of reference dilution i according to the
following procedure:

Determine the significance (significance level 1 %) of growth effects across all reference dilutions i
using the background corrected absorbance at 630 nm Apc 495 (7, j) . Significance of growth effects can

be determined using variance analysis.
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Perform a growth correction if there are significant growth effects between reference dilutions and if
the relative growth for the reference dilution 1 ng/lis = 0,85. Calculate the corrected absorbance Ac for
every replicate j of reference dilution i according to Formula (13).

A i,j)-A NC S
Ac(i,))= Be 05 2 B 405 { )+ABC,405(NC)+B405(NC) (13)

G(i)
If no growth correction is necessary, calculate the corrected absorbance Ac for every replicate j of
reference dilution i according to Formula (14):

Ac(1,7)=Apc,405 (1, )+ B405 (NC) (14)
whegre
Ac ( i j) is the corrected absorbance for replicate j of reference dilution’;

A (i ) is the background corrected absorbance at 405 nm for replicate j of refefence
BC405\J) Gilution i;

Apc 405 (NC) 18 the background corrected absorbance at 405(nm for the negative contyol;

is the (robust) mean of the absorbance at405 nm for blank replicates of the nega-

By4os (NC) tive control;

G (1) is the relative growth for referencé/dilution i.

Estimated growth correction factors can be\used instead of 6(1) in order to reduce thg impact of
imprecise growth measurements.

Calgulate the corrected absorbance A¢ for every replicate j of the negative control adcording to

Formula (14).
Caldulation of the mean correctédabsorbance

Calgulate subsequently the.mean corrected absorbance ZC (1) for every test i (sample dilutions SD,
refgrence dilutions RB, negative control NC) using the corrected absorbance Ag (i,j) for every
replicate j of test il For the calculation of the mean a robust statistical approach is applicable

Calqulation of.induction rates

Calgulatethe induction rate I for test i (sample dilutions SD, reference dilutions RD, negative ¢ontrol NC)

accprding to Formula (15).

L Ac(i)
0= 3o

(15)

where

© ISO 2018 - All rights reserved 21


https://standardsiso.com/api/?name=cf6a16130a06a4a727fe950fa4d8dcda

ISO 19040-2:2018(E)

is the induction rate for test i;

is the (robust) mean of the corrected absorbance of all replicates of test i;

is the (robust) mean of the corrected absorbance of all replicates of the negative control.
As alternative, use the parameter a instead (a is the bottom curve point of the four-pa-

rameter model which describes the dose response relationship between the reference

compound and the induction rate [see Annex H for additional information)].

For the construction of the dose-response curve use the corrected absorbance of all replicates of the

negative cgntrol and the dilution series of the reference compound [AC (i,j)].

Use the mgan corrected absorbance ;1C (1) for the calculation of estradiol equivalents (see Annex H

additional

calculation of the lowest ineffective dilution (see Annex | for additional information),

10 Valid

The overal

a) the E(so of the 17f-estradiol dose response relationship is 2A.and <35 ng/l (see Annex H
additignal information) (use an appropriate statistical method for calculation of the H

(Refer
b) the cr

measufrable (see Annex G for additional information)} is <8 ng/l 178-estradiol (use an appropn
statistjcal method for calculation of the dose response curve and the calculation of the crit
concerltration for the induction rate 1,18 (Referéences [16],[17],[18]));

c) theratiod /ais =4 and <20 (see Annex H for-additional information) (use an appropriate statist

metho
curve

d) the ratio between the mean conrected absorbance at 405 nm for the highest concentration of]
referefce standard (80 ng/1 17f-estradiol) and the curve plateau (d) of the dose response c\
is 20,75 (use an appropriat€ statistical method for calculation of the curve plateau (d) of the d
resporjse curve (Referenées [16],[17],[18]));

e) the mdan relative stdndard deviation (RSD) of the corrected absorbance at 405 nm of replicates

the ne

additignal information) (use an appropriate statistical method for calculation of the dose respa

curve

f) the mean~OD for the cell density of the negative control and the dilution series of the refere

information). Use the mean corrected absorbance A (i) or the induction rates 1(i) for]

ity criteria

test is valid if:

bnces [16],[17],[18]));

tical concentration, which corresponds to the.goncentration above an estrogenic effe

d for calculation of bottom curye\point (a) and the curve plateau (d) of the dose respd
[References [16],[17],[18]));

bative control and the dilution series of the reference compound is <12 % (see Annex H

[Referénees[16],[17],[18]));

for

the

for
Cso

tis
iate
ical

ical
nse

the
rve
ose

for
for
nse

nce

comp

und s =t after 22 hrimcubation:

A dilution level of a sample is valid if:

g) therel
h) therel

ative growth of yeast cells in this dilution is 20,3 and <3,5;

ative standard deviation of the corrected absorbance at 405 nm of replicates is <15 %.

If criterion (h) is not met and more than 3 replicates are available an outlier test (Grubbs test) can
be performed. If afterwards criterion (h) is again not met then exclude all replicates from further
statistical evaluation. Alternatively a statistically robust calculation of this standard deviation can be

applied.

22
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Usually the fulfilment of criterion (a) and (b) can be achieved by precise adjustment of the shaker
frequency.

11 Assessment criteria

The test sample is assessed to mediate an estrogenic activity, if an increase of reporter gene activation
is measured in terms of the induction rate, which exceeds the critical limit 1,18 [see Annex G for a
description of the determination of the critical limit (CL)]. Additionally, the estrogenic activity of the
field blank, which is also measured in terms of the induction rate, shall not exceed the critical limit 1,18.

If the estrogenic activity of the field blank exceeds the induction rate 1,18 the critical injit is set to
thelinduction rate of the field blank. In this case, the test sample is assessed to mediate.dn|estrogenic
activity if the induction rate of the sample exceeds the induction rate of the field blank

12|Test report

The test report shall contain at least the following information:

a) [the test method used, together with a reference to this documentize. ISO 19040-2:2018];

b) |identity of the test sample (origin and date of sampling, pH yalue, conductivity);

c) |reference compound (chemical name, source, batch numbeér’ or comparable data, if availgble);

d) [storage of sample and preparation of test sample.(Storage conditions (if not testedl directly),
adjustment of pH value, centrifugation (includingzg and time), filtration (including filter material
and pore size) and other manipulations);

e) |teststrain (strain, date of arrival in the labépatory, storage conditions);

f) |testing environment (address of testing-laboratory, date of test, method of counting);

g) |results for validity criteria and fulfitfment (see Clause 10);

h) |results for plausibility criteria (turbidity and microbial load of the sample (see 9.3.3|2), sample
coloration and/or artificjal'substrate cleavage (see 9.3.3.1), for each dilution level of a pample the
relative standard deviation of the background corrected absorbance at 630 nm off replicates
Apc, 630 (1,J) (see 9.3:2);

i) |test results (induction rates I and corrected absorbance A¢ for each tested sample, jqualitative
assessment of the estrogenic activity of each tested sample (yes/no), if required EHQ and LID
for each tested sample), indication of toxic effects (if any), other observations (e.g. precipitation,
contaminiation). If 17p-estradiol equivalent (EEQ) values for the sample or sample dijutions are
calculated then additional reporting as described in Annex H is recommended. If LID|values are
calculated then additional reporting is recommended as described in Annex |.

13 Verification

Before the method described in this standard is routinely used in the performing laboratory, it shall first
demonstrate its competence to perform the method. The subsequent verification protocol describes the
design of the verification and the performance characteristics used to assess the competence of the
performing laboratory:.

The verification protocol requires performing the method at least two times independently. In these
tests both the reference compound and appropriate test samples should be analysed. Analysis of test
samples is not required but highly recommended.
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Performance evaluation in terms of the reference compound is made based on the criteria (a) to (f)
according to Clause 10 of this document. As soon as the criteria (a) to (f) are fulfilled by the laboratory,
the competence to perform the validated method is proven.

Performance evaluation in terms of the sample type is made based on the criteria (g) and (h) according
to Clause 10 of this document. If the criterion (g) is fulfilled the method performance for the sample is
assessed using criteria (h).

Alab specific quality control chart should be used to evaluate the stability and vitality of the lyophilized
yeast cells by means of the criteria (a) to (f) according to Clause 10 of this document. The quality control
chart enables the laboratory to monitor the criteria for long-term periods and set specific decision
limits for using the lyophilized yeast cells for test purposes.

For quality] control charts either a spreadsheet based software or a validated software (e.g. mgVAL] for
advanced 1lequirements of quality assurance may be used.
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Annex A
(informative)

Plate set up

General
=enera:

Thi

5 annex shows a scheme of a plate set up for the analysis of two samples with eight

successive

dilution levels (See Table A.1).
A.Z Scheme of plate set up
Table A.1 — Plate set up with two samples with eight successive dilution levels in] four
replicates
1 2 3 | 4| 5] 6 7 g | 9 | 10 | 11 12
Al | Blank S1 NC S1 (dilution level 16) NC S2 (dilution level 16)
Bl | BlankS1 | E2,CL1 S1 (dilution level 12) E2,CL1T S2 (dilution level 12) FB §1
C| | BlankS2 | E2,CL 2 S1 (dilution level 8) E2,CL 2 S2 (dilution level 8)
D| | BlankS2 | E2,CL3 S1 (dilution level 6) E2, CL 3 S2 (dilution level 6)
E| | Blank NC | E2,CL 4 S1 (dilution level 4) E2,CL 4 S2 (dilution level 4)
F| | Blank NC | E2,CL5 S1 (dilution level 3y E2,CL5 S2 (dilution level 3)
of | Tom | EzcLe | si(iltionievel) | E2,CL6 52 (dilution level 2) FB S2
Blank A\ —
H Reyr E2,CL7 S1 (dilution level 1) E2,CL7 S2 (dilution level 1)
NC negative control
S1 sample 1
S2 sample 2
E2 17p-estradiol
CL calibratiof level (reference dilution)
Blapk S1  blank-for sample 1
Blapk S2  blank for sample 2
Blanpk Re¢p7/7blank for the reference compound, calibration level (reference dilution) 7
FB $1 field blank for sample 1
FB S2 field blank for sample 2
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Annex B
(informative)

Lyophilization of Arxula adeninivorans cells

B.1 General

Annex B d¢

scribes the preparation of lyophilized Arxula adeninivorans cells.

B.2 Reapents
B.2.1 Glycose, 299,5 %, CcH1204, molecular weight 180,16 g/mol, CAS: 50-99-7.
B.2.2 Sorbitol, 298 % for biochemistry, CsH140¢, molecular weight 182,18 g/mol, CAS: 50-70-4.

B.2.3 di-Potassium hydrogen phosphate, >99 %, K;HPO4, muolecular weight 174,18 g/mol,
CAS: 7758411-4.

B.2.4 Agar, Kobe I

B.2.5 L-Lysin, 298,5 %, Ph. Eur. for biochemistry, -GgH14N202, molecular weight 146,19 g/mol,
CAS: 56-87-1.

B.2.6 Mi

B.2.7 Sug

B.3 Medi

k powder blotting grade, low-fat, CAS: 68514-61-4.

‘rose, 299,5 %, p.a., C12H22011;, molecular weight 342,30 g/mol, CAS: 57-50-1.

lia

B.3.1 GIIcose solution

Dissolve 2
with ultray

g of glucose)(B<2.1) in 70 ml of ultrapure water (7.2). Fill the glucose solution up to 10
ure water {(42). Autoclave the solution.

ml

B.3.2 So
Dissolve 20 g-of sorbitol (B.2.2) in 70 ml of ultrapure water (7.2). Fill the sorbitol solution up to 10

with ultrapure water (7.2). Autoclave the solution.

'bitolbsolution

ml

B.3.3 PBS buffer

Weigh 2,25 g NaCl (7.1.29), 0,435 g KoHPO4 (B.2.3) and 0,34 g KHpPO4 (7.1.7) and dissolve the reagents
in 250 ml ultrapure water (7.2). Autoclave PBS.

B.3.4 Cryo medium

Dissolve 45 g of sorbitol (B.2.2) and 100 g of sucrose (B.2.7) in 600 ml of ultrapure water (7.2). Add
100 g of milk powder (B.2.6) and adjust the pH to 7,5 with 1 M NaOH (7.1.2) and fill up to 1 000 ml with
ultrapure water (7.2). Sterilize the medium four times for 30 min in a stream vessel.
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B.3.5 Lysin solution

Dissolve 1 g of lysin (B.2.5) in 100 ml of ultrapure water (7.2). Filter the lysin solution through a sterile
filter (0,2 pm, cellulose acetate or cellulose mixed ester) in a sterile glass bottle with screw cap.

B.3.6 Yeast minimal medium (YMM) with glucose

Pipette 1 ml of FeCl3 solution (74.7), 1 ml of Ca(NO3); solution (7.4.8), 1 ml of micronutrient
solution (7.4.6) and 0,5 ml vitamin mix (7.4.9) to 96,5 ml of the salt solution (7.4.4). Add 100 ml glucose
solution (B.3.1) to the prepared mix. The yeast minimal medium with glucose is five-fold concentrated.

B.3l7 Yeast minimal medium (YMM) with sorbitol

Pipgtte 1 ml of FeCl3 solution (7Z4.7), 1 ml of Ca(NO3)z solution (74.8), 1 mlfof mi¢ronutrient
solytion (7.4.6) and 0,5 ml vitamin mix (7.4.9) to 96,5 ml of the salt solution (7.4.4). Add 100 ml sorbitol
solytion (B.3.2) to the prepared mix. The yeast minimal medium with sorbitol is five-fold copcentrated.

B.4 Cultivation of Arxula adeninivorans on solid agar

Dissolve 3 g of Agar (B.2.4) in 100 ml of ultrapure water (7.2) and heat\the agar to the boiling point. Stir
thelsolution. Autoclave the Agar. Cool the Agar down to approximately 60 °C.

Dilyte 40 ml of yeast minimal medium with glucose (B.3.6}ywith 60 ml of ultrapure water (7.2) and
warm up. Merge the warmed-up yeast minimal medium_with glucose with the agar a;td mix the
solytion. Pour approximately 20 ml of the yeast minimalbmedium agar in sterile Petri-Dishes. Spread
Arxula adeninivorans cells on yeast minimal mediumdcgar plate. Incubate the yeast minimfal medium
agaf plate at 30 °C for 72 h.

B.3 Cultivation of starter and main culture

Inogulate 10 ml of one-fold concentrated-yeast minimal medium with glucose (B.3.6) with [L07 cells of
Arxpla adeninivorans from an agar plate and cultivate the starter culture at 30 °C for 48 h o1} a shaker.

Trapsfer 5 ml from the pre-culture to 500 ml one-fold concentrated yeast minimal medium with
sorbitol (B.3.7). Cultivate the(main culture in Erlenmeyer flasks at 30 °C for 48 h on a shaker

B.q4 Preparing of lyophilized Arxula adeninivorans cells

Trapsfer the cell‘suspension from the main culture to centrifuge containers (determing weight of
confainer) and-céntrifuge the culture at 4 °C for 10 min at 2 000 g. Discard the supernatanf. Wash cell
pellet in 30 1} 'of PBS and transfer it to a 50 ml tube. Centrifuge the tube at 2 000 g for 15 mnin at 4 °C.
Dis¢ard thesupernatant. Determine weight of cell pellet.

Add 10,ml lysin solution (B.3.5) to 100 ml of cryo medium and resuspend the pellet (use 3 ml for 1 g
bio motstmmass)—toot thremixture dowmrat 4 €for HmmimAtiquote 200t of cootcetts totyophilization
vials and cool down to —80 °C. Cool down lyophilization plant, insert vials with frozen cells on storage
space and start the program with the following lyophilization parameters: Ice Condenser: -80 °C; Main
Drying: Pressure: 0,05 mbar; Temperature Storage space 10 °C; Safety pressure 0,1 mbar; 6 hto 12 h
process.
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Annex C
(informative)

Scheme of test principle

Annex C illustrates the underlying test principle of the Arxula adeninivorans yeast estrogen screen (See
Figure C.1)

endocrine disruptor
human [estrogen receptor alpha
polymejrase

1

2

3

4  phytasq
5  4-Nitrophenylphosphate
6

4-Nitrophenol + phosphate

Figute-C.1 — Scheme of the test principle in Arxula adeninivorans

The (xeno)estrogen (Estrogen Disruptor) diffuses into Arxula adeninivorans cell. The human estrdgen
receptor (RER¢) is heterologously expressed [the respective gene is under the control of a constitufive
promoter —The estrogen receptor construct is Integrated in the ATXuld adeninivorans genome.

The Estrogen Disruptor 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 imported
in the cell nucleus. The receptor dimer binds to and activates a promoter that contains an estrogen
responding element (ERE). The reporter constructis integrated in the Arxula adeninivorans genome. The
expression of the reporter gene is proportional to the activation of the hERa by the Estrogen Disruptor.
The reporter Phytase is secreted to extracellular matrix and cleaves 4-Nitrophenyl phosphate into
4-Nitrophenol and phosphate. 4-Nitrophenol can be measured photometrical.
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Annex D
(informative)

Test set up for chemicals and extracts

General
Fenera:

For

be foncentrated by extraction procedures. Annex D gives information about possible
profedures and the changes in the procedure for testing extracts and pure compounds.

D.2

Wat

water samples using liquid-liquid extraction (LLE) or solid phase ‘extraction (SPE); bot
gengrally show high (>90 %) recoveries for known (xeno)estrogens. For LLE, extract the
timps with ethyl acetate, using approximately 10 % of the saniple size as extraction solvg

For

Evalporate the organic solvent and dissolve the final extragts in ultrapure water.

D.3
The

maltose (7.4.11) for inoculation.

Use
(ind
refe
for

Extraction of water samples

SPE, extract with suitable columns, e.g. Oasis HLB or C18)and elute with methanol or et}

Test with diluted organic solutions or-extracts

procedure is identical to the description in“Clause 9. Use only saline yeast minimal mg

400 pl of the aqueous extract for;’€ach well and add 100 pl of the prepared cell
culation medium) to the negative control, the sample dilutions and the dilution se

the preparation of a sampletwextract or the preparation of an organic solution of a chemicg

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

extraction

er sample extracts can also be tested with the following adaptationhs in the procedufre. Extract

h methods
rater three
nt volume.
nyl acetate.

dium with

suspension
ries of the

rence compound. For the preparation of the field blank use the sample procedure and njaterials as

1.

©IS
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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 sample | . R .
Dilution || Pre-dilution of the sam- by addition of the Final d}lutl(?n o-f sample | Fingl perczﬁnt-
. o R (1-x) with dilution water | agé of the sam-
level D ple with dilution water | teststrain in culture d cell . lein th
medium and cell suspension ple in the tgst
1-1 (per definition)
151 1-1,25 Forundiluted water.grwaste
400 ul sample + 100 ul water, the dilutign'eoefficient
1 No pre-dilution. The sam- H'samp MY | per definitionds 1-1 even if 80 %
test strain in culture
pleis used asitis. medium the samplé.is diluted by the
addition'efthe test strain in
culture‘medium.
1-1,6
2 e.g. 1 mlsample + 0,6 ml | 171,25 12 50 %
dilution water
1-2,4
3 e.g. 1 mlsample + 1,4ml |1°125 1-3 33,3 %
dilution water
1-3,2
4 e.g. 1mlsample +2,2ml |1-1.25 14 25 %
dilution water
1-4,8
6 e.g. 1 ml sample + 3,8m]- | 171,25 1-6 16,7%
dilution water
1- 6,4
8 e.g. 1 mlsampte’+54ml |1-1,25 1-8 12,5 %
dilution water
1- 9,6
12 e4. 1 ml sample + 8,6 ml| 171,25 1-12 8,3%
dilution water
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Annex F
(informative)

Performance data

B IR

An
for

nterlaboratory trial based on the procedure described in this document was carriedout

franework of the interlaboratory trial, the statistical analysis was conducted on the basis of

F.1

1 Samples and participating laboratories

n fall 2015

Lhe generation of validation data. To assess the performance of the ISO 19040-2 method|within the

SO 5725-2.

Fourteen laboratories participated in the interlaboratory trial for theyvalidation of thid standard,
whgéreby thirteen laboratories reported valid results. Each participating laboratory tested
sanjples in the scope of the method (Table F.1 and Table F.2). The A-YES method is applicable
water, waste water, drinking water, sea water, brackish water, aqueous extracts and eluates,

elua

ext

‘acts of aqueous samples.

Table F.1 — Sample information for obligate samples

Sample |Description
1 Effluent, WWTP Kaoblenz

Effluent, WWTR Koblenz, spiked with 10 ng/1 EE2
Influent, WW:FP Koblenz, (centrifuged)
Surface/water (Rhine)
Surface water (Rhine), spiked with 15 ng/1 EE2

6 Field Blank (deionized water)
WWTP \_Waste water treatment plant
EE2 17a-ethinylestradiol

v lwnN

Table F.2 — Sample information for ISO 19040-2 specific samples

nine water
for surface
bore water,

tes from sediments, aqueous solutions of compounds and compounds mixtures as well[as organic

Sample Description
7 Influent, Hospital- WWTP, Gelsenkirchen
8 Mixture of single substances

(39 ug/l Bisphenol Z, 48 pg/1 Bisphenol S, 242 ug/1 Bisphenol A)

Saline water (Baltic Sea),

9 spiked with 1,4 ng/1 E2 and 8 ng/1 EE2

WWTP Waste water treatment plant
E2 17p-estradiol
EE2 17a-ethinylestradiol

F.1.2 Results for lowest ineffective dilution (LID) and 17f-estradiol equivalent
concentrations (EEQ)

Table F.3 summarizes the performance characteristics for the LID values. In case of large differences
between subsequent dilution levels the LID is highly affected by dilution levels. By linear interpolation
of the induction rate between subsequent dilution levels the theoretic dilution level can be derived at

© ISO 2018 - All rights reserved
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which the induction rate achieves 1,18. This dilution level is denoted the "interpolated LID". Table F.4
summarizes the performance characteristics for the interpolated LID values.

Table F.5 summarizes the performance characteristics for the 173-estradiol equivalents (EEQ).

The performance characteristics are based on the test results, which are fulfilling the validity criteria

described in Clause 10.

Table F.3 — Summary of performance characteristics for LID values obtained with the Arxula
Yeast Estrogen Screen (A-YES)

Sample
1 2 3 4 5 6 7 8 9
Number of Jaboratories| 13 13 13 13 13 13 13 13 13
Number of measure- | g 28 28 29 28 28 29 %9 29
ments
Invalid medsurements 6 4 5 5 5 6 8 5 5
0, i -
/0 Invalid measure 21,4 | 14,3 179 | 17,2 179 | 214| 276 17,2 17,]
ments
Number ofmeasure-
ments 0 0 18(20) | © 2(5) 04 15(21) | “>8%0 | “>8742
LID>12
Number of[measure-
ments 20 0 0 24 0 22 0 0 0
LID=1
Outliers exfluded (sin- 0 0 L 0 0 0 . 0 0
gle measurpments)
Outliers ex¢luded 0 0 L 0 0 0 . 0 0
(means)
Number ofJaborato- 13 13 3 12 12 13 4 12 12
ries for statistics
Number ofmeasure- 22 24 5 24 21 22 6 24 22
ments for skatistics
Laboratory mean - n
LO1 - 8,0 -1 — 1-1 — - — — —
L02 - 6,0-3 | 18,0-2 | 1-3 | 16,0-3 - 18,0 - 2 40-3 8,0 -2
>12,0-1 >12,0-1
LO03 12 70-2 | >12,0-2| 1-2 12,0-1 | 1-2| >12,0-2 4,0-2 6,0 2
>12,0-1
L04 1-2 [ 10,0-2 | 12,0-1 | 1-2 12,0-2 |1-2| 24,0-1 40-1 6,0 2
>12,0-1
LO5 1-1 40-1 |>12,0-1 — 8,0-1 1- >12,0-1 4,0-2 4.0 -2
LO6 1-1 12,0-11>120-1] 1-2 12,0-1 1-2 24,0-1 4,0-2 10-2
>12,0-1
LO7 1-2 [ 12,0-2|>12,0-2| 1-2 12,0-2 | 1-2| >12,0-2 6,0-2 8,0-1
>8,0-1
L08 1,3-3| 6,7-3 | >12,0-3 - 10,7 -3 - >12,0-3 4,0-3 6,7-3
L09 1-1 |12,0-1|>12,0-2 - 12,0-1 - >12,0-2 40-2 8,0-1
>12,0-1 >8,0-1
L10 2,5-2| 50-2 [>120-2]1-2 70-2 1-2| >12,0-1 40-1 8,0-1
L11 1-2 6,0-2 |>12,0-1| 1-2 12,0-2 |1-2] >12,0-1 4,0-2 8,0-2
L12 1-2 50-2 [>12,0-2| 1-2 10,0-2 |[1-2| >12,0-1 4,0-2 6,0-2
L13 1-2 | 6,0-2 | 18,0-2 | 1-2 8,0-1 1-1| 18,0-2 40-2 6,0-2
32 © ISO 2018 - All rights reserved
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min-max 1-2,5 |4,0-12,0 >12 1 7,0-16,0 >12 4,0-6,0 | 4,0-8,0
factor max/min 2,5 3,0 — 1 2,3 — 1,5 2,0
Sample
1 2 3 4 5 6 7 8 9
Mean 1,2 7,3 >12,0 1,0 11,3 1,0 >12,0 4,2 6,4
95 % CI 5,9-8,8 — — 99-12,8 | — — 3,8-4,5 5,5-7,2
95 % PI — 11,8-12,9 9,7-13,0 3,8-4,5 5,4-7,3
(based-ontn-trans; 355 t-8=1523 3;9=44% | (5,1-7,1)
data) 13,8)
99 P PI 0,0-15,1 9,1-13,6 3,6-4,7 5,1-7,7
(bdsed on Ln-trans, (2,6- (6,8-17,4) (3,8-4,5)| | (4,8-7,6)
data) 18,2)
sr (repeatability) 0,8 1,2 0,0 3,6 0,0 0,8 2,1
sy, (interlab variabil- 0,0 2,4 0,0 0,0 0,0 0,0 0,0
ity]
sg (reproducibility) 0,8 2,7 0,0 3,6 0,0 0,8 2,1
sr% 64,1 16,8 0,0 31,8 0,0 19,6 32,5
(based on Ln-trans. | (37,7) | (17,7) (0,0) (24,8)<~| (0,0) (14,1) (35,8)
data)
s Y% 0,0 33,3 0,0 0,0 0,0 0,0 0,0
(based on Ln-trans. (0,00 | (30,49) (0,0) (13,7) (0,0) (0,0)
(0,0)
data)
sr Vo 64,1 37,3 0,0 31,8 0,0 19,6 32,5
(bdsed on Ln-trans. | (37,7) | (35,2) (0,0) (28,3) |(0,0) (14,1) (35,8)
data)
SrR/Sr 1,0 2,2 — 1,0 — 1,0 1,0
Sr repeatability standard deviation
SR reproducibility standard deviation
SL laboratory standard deviatien
Table F.4 — Summary of performance characteristics for interpolated LID values obtdined with
the Arxula Yeast Estrogen Screen (A-YES)
Sample
1 2 3 4 5 6 7 8 9
Number of labora= | 43 13 13 13 13 | 13 13 13 13
tories
Number §Prheas- 28 28 28 29 28 | 28 29 29 29
urements
Invalid measure- 6 4 5 5 5 6 ) 5 5
ments
0, i -
% Invalid measure- | ), | 143 179 172 | 207 |214| 276 17,2 17,2
ments
Number of meas-
urements 0 0 20 0 3 0 18 “>8":0 “>8": 2
LID > 12
Number of meas-
urements 20 0 0 24 0 22 0 0 0
LID=1
Outliers excluded
(single measure- — 0 0 — 0 — 0 0 0
ments)
© ISO 2018 - All rights reserved 33
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Table F.4 (continued)
Outliers excluded . 0 0 . 0 . 0 0 0
(means)
Number of laborato-| ;5 13 12 12 12 13 12 12 12
ries for statistics
Number of meas-
urements 22 24 23 24 23 22 20 24 24
for statistics
Laboratory mean - n
LO1 T-1 6,4-1 — T-1 — T-1 — — —
L0O2 1-1 49-3 15,8 -3 1-3 13,4-3 | 1-1 16,4 - 3 3,2-3 6,6-p
L0O3 1-2 6,2-2 25,4-2 1-2 12,0-2 |1-2| 20,5-2 34-2 49-%
L04 1-2 79 -2 16,0-2 1-2 10,3-2 | 1-2 12,1-1 3,4-A 49-%
LO5 1-1 40-1 18,5-1 -- 6,4-1 1-1| 12,3-1 2672 3,3-P
LO6 1-1 10,1-1 18,7 -1 1-2 10,6 -1 | 1-2 17,6 - 2 39-2 3,6-P
LO7 1-2 8,7-2 21,4-2 1-2 10,1-2 [ 1-2 18,1-2 3,6-2 98-%
LO8 1,1-3| 56-3 22,4-3 1-2 89-3 1-2 21,93 3,1-3 51-8
L09 1-1 81-1 21,8-2 1-2 12,5-2 | 1-2 13)6 - 2 3,6-2 94-2
L10 2,2-21| 46-2 18,7 -2 1-2 6,3-2 1-2\v21,7-1 2,8-1 50-1
L11 1-2 48-2 30,8-1 1-2 8,3-2 12| 13,5-1 29-2 54-2
L12 1-2 4,1-2 17,0-2 1-2 7,6 -2 1-21| 18,3-1 34-2 43-%
L13 1-2 4,7 -2 13,5-2 1-2 7,2~ 1-1 13,6 -2 3,0-2 3,8-P
min-max 1-2,214,0-10,1(13,5-30,8 1 6,3 -13,4 1 12,1-219| 2,6-3,9 3,3-97
factor max/min 2,2 2,5 2,3 1 2,1 1 1,8 1,5 3,0
Sample
1 2 3 4 5 6 7 8 9

Mean 1,1 59 19,6 1,0 9,8 1,0 17,3 3,2 5,5
95 9% CI 49-69 | 171-22,0 8,4-11,2 15,4-19,2| 3,0-3,4 4,3 - 6|7

0, - —
‘(’sag‘;glon . B 2'(% D8 (7274 | 64131 _ 11('162 2301 2738 | 23-8l7
trans, datd) 10,5 03.2-27.1) (6,1-14,4) 237) | (27-38)| (29-8f8)

0, -~ —
?l?ag‘;glon . O'E}z | 85306 5,1-14,5 9’(%025-'4 2,5-4,0 | 0,9-10}0
trans. datd) 134) |(114-314) (5,1-17,2) 273) | (26-40)| (2,3-110)
sr (repeatgbility) 0;6 0,6 3,8 0,0 2,8 0,0 3,1 0,4 2,3
st (interlap vari- 4., 1,7 3,3 0,0 1,4 0,0 2,4 0,2 1,3
ability)
lst’; ;repmdf‘c‘b“' 0,6 1,8 5.1 0,0 3,1 0,0 4,0 0,5 2,6

o,
z‘{)a/ged on Ln- 51,1 9,5 19,4 0,0 28,6 0,0 18,2 12,7 41,6

0,
fﬁaﬁ’e don Ln- 00 | 292 171 00 | 138 |00 | 140 6,7 24,3
trans. data) 0,0) | (269 | (150) | (0,0) | (182) [(0,0)| (144) (6,5) (23,4)

(V)
f{)‘a{;’e don L 51,1 | 30,7 25,9 00 | 31,7 |00 | 229 14,4 48,2
trans. data) (30,3) | (289) | (277) | (0,0) | (290) |(0,0)| (235) | (145) (39,1)
SR/Sr 1,0 3,2 1,3 — 1,1 — 1,3 1,1 1,2
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Sr

SR

SL

repeatability standard deviation

reproducibility standard deviation

laboratory standard deviation

Table F.5 — Summary of performance characteristics for 173-estradiol equivalents obtained
with the Arxula Yeast Estrogen Screen (A-YES)

Sample
1 2 3 4 5 6 7 8 9
Number of labora- | = 3 13 13 13 13 13 13 3 13
tor]es
Nuber of meas- 28 28 28 29 28 28 29 29 29
urements
Invialid measure- 6 3 3 4 5 5 9 5 5
mehts
0, 1 -
% Ipvalid measure- | 5, 4 | 47 10,7 13,8 | 179 | 17997 31,0 17,2 17,2
mehts
Number of meas-
urdments < LOD 17 1 0 22 0 23 0 1 0
Outliers excluded
(sirlgle measure- — 0 0 — 0 — 0 — 0
mehts)
Outliers excluded . 0 0 N 0 . 0 1 (L05) 0
(mgans)
Number of labora-
tor]es 3 13 12 13 12 13 12 11 12
forstatistics
Number of meas-
urements 5 24 25 3 23 0 20 21 24
forstatistics
Laboratory mean [ng/1 E2] - n
LO1 <LOD 82-1 — <LOD — <LOD — — —
LO2 <LOD 6,6-3 13,0-3 <LOD | 20,0-3 | <LOD | 219-3 <LOD 10,0-2
52-2
LO3 <LOD | 12,8-2 18,2 -2 <LOD | 25,0-2 | <LOD | 274-2 8,2-2 11,3-2
L04 <LOD | 10,7 -2 119-2 |[<LOD | 16,4-1 |<LOD | 17,0-1 6,3-1 8,9-2
LO% <LOD 74 -1 15,3-1 <LOD | 14,6-1 |<LOD | 209-1 55-2 69-2
LO¢ 2,0-1 <LOD 14,0 - 2 <LOD | 177-2 |<LOD | 19,7 -2 7,0 -2 79 -2
6,3-1
LO1 <lOD | 122.2 217-2 110D 195.2 | <10oD | 2371 .1 6,7-2 12,0 -2
L08 21-3| 8,3-3 11,8-3 | <LOD | 14,5-3 | <LOD | 19,7-3 51-3 8,7-3
1,8-1
L09 <LOD | 12,7-1 171-2 <LOD | 199-2 |<LOD | 20,9-2 7,2-2 11,9-2
19-1
L10 <LLOD 9,0-2 12,2 -2 <LOD | 14,4-2 |<LOD | 19,3-1 49-1 72-1
29-1
L11 <LLOD 7,6-2 14,5-2 <LOD | 149-2 |<LOD | 176-1 6,0-2 8,4-2
1,0-1
L12 <LOD 7,0-2 9,8-2 <LOD | 13,7-2 |<LOD | 16,8-1 6,4-2 71-2
L13 <LLOD 6,5-2 9,6-2 <LOD | 15,6-1 | <LOD | 16,2-2 6,4-2 7,2-2
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Table F.5 (continued)

min-max — 16,3-12,8 | 9,6-21,7 — |13,7-25,0 16,2-27,4| 4,9-8,2 | 6,9-12,0
factor max/min — 2,0 2,3 — 1,8 1,7 1,7 1,7
Sample

1 2 3 4 5 7 8 9
Mean 8,8 13,9 17,4 20,4 6,3 9,0
95 % CI 7,5-10,1 | 11,9-159 15,4-19,4 18,6-22,2 | 5,7-6,9 | 8,0-10,1
'(’lfaog"e O 3,8-138 | 6,7-21,1 12,0-22,8 137271 | 41-85 | 58-12,3
trans. dat4) (5,0-14,4)| (8,3-21,8) (12,5-22,9) (14,7-27,6) | (4,4-8,8) | (6,3-12,3)
?Eaﬁglon - 1,8-157 | 3,8-24,0 9,8-25,0 10,9-29,9 3{%‘89_’4 35-13,6
trans. datd) (4,0-17,9) | (6,8-26,6) (11,1-26,0) (129-314) | Jo U (54-141)
sr (repeatgbility) 1,1 2,4 3,7 1,7 0/5 1,8
ls)glﬂ;;e“a pvaria- || 55 31 | — | 22 2,9 09 1,4
sg (reproduicibility) 2,5 39 4,3 3,4 1,1 2,2
f]r);/;’ed on Ln- 12,9 17,0 21,4 8,6 7,5 19,6
trans. dat4) (14,2) (17,4) (18,6) (9,0) (7,5) (20,8)
fﬁ;/;’e don Ln- 24,9 22,3 12,8 14,3 14,8 15,
trans. dat4) (23,3) (20,9) (12,7) (13,6) (14,8) (14,2)
SR %
{based d‘;‘t‘z'i“' (3{;,' g) égf% 249 (22,5) (}g,';) (igfg) égf)
SR/Sr 2,2 1,6 1,2 1,9 2,2 1,3
sy repeafability standard deviation
sg  reprofducibility standard deviation
s, laborgtory standard deviation

F1.3 Trn

A trueness

As sample

eness evaluation

evaluation was performed for the samples S2, S5, S8 and S9. For each laboratory,
assigned EEQ values for the’samples S2 and S5 were calculated as sum of the measured EEQ value of
unspiked spmple (S1 and$4 respectively) and the expected EEQ value of the spiking. For the calcula
of the expdcted EEQ a.rélative equivalent potency of 1,2 was used for 17a-ethinylestradiol. Hence,
assigned HEQ for sample 2 is the sum of the EEQ of sample 1 and the expected EEQ of 12 ng/I.

assigned EEQ forsample 5 is the sum of the EEQ of sample 4 and the expected EEQ of 18 ng/1.

&’is"a mixture of bisphenol Z, S and A the assigned EEQ was calculated by means of]

the
the
[ion
the
The

the

relative eq

o 1 i i s £ &l 4] i) s 1 A 1 o 4l s d o0 o 00 VA
IVAITIIU DULCIILITS TUT LTS T LT TC UIITIITITALIS . TTUT SAllIPpIT O LT d55IgIICU LY 1S5 O, 7 115/ 1.

The

assigned EEQ for sample 9 was calculated according to the same principle. For sample 9 the assigned
EEQis 11,0 ng/l.

Table F.6 summarizes for each laboratory the assigned and real (measured) EEQ, the sample specific
mean standard uncertainty (associated with the method and laboratory bias) and the mean relative

bias with 95 % confidence interval as well as the respective results across samples.
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F.2 Sensitivity for selected compounds

ISO 19040-2:2018(E)

The estrogenic potential of a compound is frequently expressed as a relative potency to the reference
compound 17B-estradiol. The relative potency (%) is calculated as follows:

R = Mx 100 (F.1)
EC5(C)
where
PR istheretative poterncy of a compournd € Tetative toareference compourd R{ejg. 175-es-
tradiol) in percent, %;
EC (R) is the EC5q of the reference compound 173-estradiol;
ECs50(C) is the ECsg of the compound C.
Table F.7 shows the relative potencies to 175-estradiol for selected compounds (%). The repéatability of
the|relative potencies is on average 52 %. Variability of results reflects)usage of different l¢ts of yeast
andrequired reagents and media as well as different test condition$.(days, operators and eq([lipment).
Table F.7 — Summary of relative potencies to 173-estradiol for selected compounds
Compound Relative potency to 17-estradiol (%)
1,3|5(10)-Estratrien-3,16a,178-triol-3-methylether 0,003 17
1,3]5(10)-Estratrien-3,16a,173-triol-6-one 0,001 87
1,3]5(10)-Estratrien-3,17a-diol-6-one 0,133
1,3|5(10)-Estratrien-3,175-diol-17-cyclopentylpropionate 2,30
1,3]5(10)-Estratrien-3,173-diol-6-one 7,29
1,3|5(10)-Estratrien-3-o0l-17-oneacetate 110
17d-estradiol 3,46
17f-estradiol (E2) 100
17gd-ethinylestradiol (EE2) 120
17d-ethinylestradiol 3-cyc¢lopentyl ether 0,016 2
17f-estradiol 17-valerate 2,15
4-Hydroxytamoxifen 0,036 9
4-nfNonylphenel 0,001 06
4-Nonylpheiioltechnical grade 0,000 348
8-Prenyliiaringenim 2,31
Bis|[2=ethylhexyl)phthalate (DEHP) 0,000 394
Bisphenol A (BPA) 0,001 63
Bisphenol C (BPC) 0,003 26
Bisphenol E (BPE) 0,000 907
Bisphenol F (BPF) 0,000 646
Bisphenol G (BPG) 0
Bisphenol S (BPS) 0
Bisphenol Z (BPZ) 0,012 3
Chlordecon 0,000171
Chlorotrianisene 0,001 68
Corticosteron 0
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Table F.7 (continued)

Compound Relative potency to 17-estradiol (%)
Coumestrol 0,944
Cyclofenil 0,212
Dienestrol 406
Diclofol 0
Dicyclohexyl phthalate (DCHP) 0
Diethylstilbestrol (DES) 573
Dihydrotegtosteron (DHT) 0,000 771 O
Estriol (E3 2,00 N\’
Estron (E1 22,0 n‘(. 5
Ethinylestrjadiol 3-methyl ether 0,477 Y v
Fenarimol 0 QO
Hexestrol 213 ?\U)
Indirubin 0 ,-D
Medroxyprogesterone acetate 0 g(\VJ
Mirex 0 o o)
MPP dihyflrochloride (1,3-bis(4-hydroxyphenyl)-4-me-|0,001 33 )
thyl-5-{4-(2-piperidinylethoxy)phenol]-1H-pyrazole dihydro-
chloride (‘\\\\
Progesteron 0 o;\v
Propylpargben @@)0 555
Pyriproxifgn . O 0
Simazin AA\v 0
Tamoxifen \L\U 0,004 50
o-Zearalanpl R ’\C)\ 3,39
B-estradiollhemihydrate N 235

N\
O
O
53
O
Q~
v
RS
R
)
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Annex G
(informative)

Statistical assessment

Annex G describes the determination of the critical limit (CL) which is the threshold value above a

sam h]o ora (‘f\m“]n A L HeR-s accaccad tao maadiqta actraganic Aoty
S HPpr H B35 SSeato-eatate-estrogenteactvity-

Sanpple dilutions with a significant estrogenic activity are determined by the threshold-valug of 1,18 for
thefinduction rate which is obtained as follows:

Lonjg-term average of standard error of an experienced laboratory was 0,004 5t a value gf 0,250 for
thelabsorbance at 405 nm for the negative control. The decision limit for the eorrected abgorbance at
403 nm is 0,250 + 0,004 5 x 10 = 0,295 and the corresponding threshold 0,295/0,250 = 1,18.

© ISO 2018 - All rights reserved 41


https://standardsiso.com/api/?name=cf6a16130a06a4a727fe950fa4d8dcda

ISO 19040-2:2018(E)

H.1 Gen

Annex H
(informative)

Calculation of estradiol equivalents

ral

This anney
compound
on the est
or sample
the calibrd

describes a method for modelling the dose response relationship between the refergnce
and the effect measure of the assay (e.g. induction rates or corrected absorbance). Bdsed
mated parameters of the dose response relationship the estrogenic potential jof a sample
dilution can be determined by inserting the respective effect measure into-the inversg of
tion function. The resulting estrogenic potential of a sample is expressed in termp of

17B-estradjiol equivalents (EEQs), which means that the estrogenic activity of the“sample or sample

dilution is

H.2 Mod

A dose res
test. Use th
dilutions W

bquivalent to the estrogenic activity of an equally concentrated 174-éstradiol solution.

lelling of dose response relationship

bonse relationship of the reference compound 174-estradiol is measured in parallel to gach
ese dose response relationships to calculate the estradiol equivalents of a sample or sample
hich were tested on the same 96-well plate.

Fit the doge response curve of the reference compound 178-estradiol in terms of the effect meaqure
[corrected|absorbance (9.3)] versus test concentrationiwith a suitable mathematical method for a
sigmoid dojse response relationship, e.g. the followingfeur-parametric logistic function [Formula (H|1)]:
a-d
flx)qy=—2"0 1 iy
X
1+
ECs
where
y s the calculated effet measure (e.g. corrected absorbance) at concentration x;
X s the compound‘concentration which activates the test system to effect measure y;
a s the mean-walue of y without estrogenic effects (bottom curve point);
d s the mean value of y with the maximal activation of the test (curve plateau);
ECso 1sche mean effect concentration at which the estrogenic effect attains half of its maximumn
(ECso="50"9%effectcomcentrationr 35 describing thecurve pointof irftection);
b is proportional to the slope of the function at ECs.

Due to different test methods different measures for assessment of the quality of the curve fitting can
be used. The quality of the curve fitting can be assessed with the following measure:

RSD (residual standard deviation) <12 %.

The residual standard deviation is the square root of the mean squared residuals:

\/mean(residual% . .,residual,zv )

42
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residual; = y. —j/l. with i=1,...,N

where

y;i isthe calculated (measured) effect measure (e.g. corrected absorbance) at concentration x;;

); is the estimated effect measure at concentration x;.
i

If the quality of the curve fitting is not acceptable use weighting to account for different variances or

cho
isp

H.

Cal
med
whi
fun

L)

whg

pssible the calculation of estradiol equivalents cannot be done with the present data.

Calculation of estradiol equivalents for test samples

ulate the estradiol equivalents of a sample or a sample dilution by inserting the respe

ch were calculated for the reference compound 17f3-estradiol. Fotmula (H.2) shows t
Ction of Formula (H.1):

— b
Xg :{ys—a} XECs,

(d—YS)

bre

Vs is the mean of the calculated effect measure (e.g. induction rate or corrected abso
the sample or sample dilution;

Xs is the concentration of the sample or sample dilution expressed as 173-estradiol e
in the concentration dimension that was used for the calculation of the parameter
curve fitting;

d is the mean value of y-with the maximal activation of the test (curve plateau deriv|
the dose response relationship is the of the reference by the curve fitting);

a is the mean palue of y without estrogenic effects (bottom curve point derived frox
response rélationship of the reference by the curve fitting);

ECso isthedméan effect concentration at which the estrogenic effect attains half of its
(ECs50= 50 % effect concentration (3.5) describing the curve point of inflection de
thedose response relationship of the reference by the curve fitting);

b is proportional to the slope of the function at ECsg; b is derived from the dose resj

Ke other mathematical models, e.g. a five parametric logistic function. If no acceptableciirve fitting

Ctive effect

isure (e.g. induction rate or corrected absorbance) into the inverse function with the parameters

he inverse

(H.2)

bance) of

quivalents
s of the

ed from

h the dose

aximum
rived from

onse rela-

tionship of the reference hy the curve fitting

Use only data points in the dynamic range of the test for the calculation of estradiol equivalents.

H.4 Reporting of estradiol equivalents for test samples

Report individually the EEQ value (e.g. ng/l) for each sample dilution, which is suitable for the
calculation of 173-estradiol equivalents (see above).

Further minimal information about bio-equivalent estimates according to Reference [19] has to be
reported.

— Concentration of the sample e.g. by solid phase extraction (e.g. 1 000-fold for a solid phase extraction

of 11 water to 1 ml organic solvent).
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