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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).

Att¢ntion is drawn to the possibility that some of the elements of this document may be thg
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cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee

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

Stitute an endorsement.

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

Part 3: In vitro human cell-based reporter gene assay

WARNING — Persons using this document should be familiar with normal laboratory practice.

This document does not purport to address all of the safety problems, if any, associatg

use

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

IMPORTANT — 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 estrogénic potential of water

water by means of a reporter gene assay utilizing stably transfected human cells. This ref

dass

Thi

y is based on the activation of the human estrogen receptoralpha.
5 method is applicable to:

fresh water;

waste water;

aqueous extracts and leachates;

eluates of sediments (fresh water);

pore water;

aqueous solutions of single substances or of chemical mixtures;
drinking water;

the limit of quantification (LOQ) of this method for the direct analysis of water samples
0,3 ng/1 and 1mg/1 17B-estradiol equivalents (EEQ) based on the results of the in
interlaboratoryijtrial (see Annex F). The upper working range was evaluated [based on th
the international interlaboratory trial (see Table F.3)] up to a level of 75 ng EEQ/1. Sampl
estrogenic‘potencies above this threshold have to be diluted for a valid quantification.
and pre:concentration of water samples can prove necessary if their estrogenic potenti
thergiven LOQ.

bd with its
ices.

document

and waste
orter gene

is between
fernational
e results of
s showing
Extraction
al is below

2

Normative references

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

ISO

3

For

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

Terms and definitions

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

© ISO 2018 - All rights reserved
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org./obp

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

31

culture medium
nutrients presented in a form and phase (liquid or solidified) which support cellular growth

[SOURCE: 1

SO 6107-6:2004, 24, modified — “cellular” replaces “microbiological”]

3.2
dilution le
D
denominat
with diluti

Note 1 to en|
smallest po
final total v

[SOURCE: 1

3.3
dilution wj
sterile wat|

[SOURCE: I

3.4
ECso
effective c

Note 1 to en|
induces 50

3.5
extract
test sample¢

3.6

pncentration of a compound which causés 50 % of an effect

vel

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

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

SO 6107-6:2004, 28]
ater

er added to the test sample to prepare a series of defined dilutions

S0 20079:2005, 3.7]

try: In the sense of the present document the ECs is the effective concentration of a compound w
o of the maximal reporter gene activity which can be achieved by this compound.

e after extraction and-possible removal of extraction vehicle

field blan

container prepared in<he laboratory, using reagent water or other blank matrix, and sent with
sampling personnelforexposure to the sampling environment to verify possible contamination dur

sampling

[SOURCE: IS0’ 074:2015, 4.5.3]

hter

and
e to

hich

the
ng

—

3.7
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 or with a positive control, and the mean value of the corresponding wells
treated with the negative control using the same cells under identical conditions

[SOURCE: ISO 6107-6:2004, 43, modified — “wells with enhanced reporter gene activity measured”

replaces “mutant colonies
“difference

» o«
)

n, o«
)

corresponding wells” replaces “corresponding plates
cells” replaces “strain”.]

», o«
)

quotient” replaces

© ISO 2018 - All rights reserved
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3.8

limit of quantification

LOQ

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

[SOURCE: ISO 15839:2003, 3.18]

3.9
lowest ineffective-dilution value
LID
lowest dilution within a test batch which does not show any effect, i.e. no statistically significant
incgease in the reporter gene activity compared with the negative control

[SOPRCE: ISO 11350:2012, 3.4, modified — “increase in the reporter gene activity” replacep “increase
in the number of revertant wells”]

thenumber of subcultures from cells in a new culture vessel{cell culture flask or micro titei| plate)

reféerence compound
conpound with one or more property values that.are sufficiently reproducible and well estpblished to
enaple the calibration of the measurement methed

[SOPRCE: ISO 7405:2008, 3.6, modified —y“compound” replaces “material”; “the calibration of the
megsurement method” replaces “use of.thé material or substance for the calibration of an|apparatus,
thejassessment of a measurement methiod or for the assignment of values to materials”.]

3.13
relative light units

amg@unt of reporter gene-activity as measured by light produces using a luminometer, exjpressed as

reporter gene activity
qualntitativeactivity of a gene attached to the promoter sequence of another gene

[SOURCE: I1SO 21427-2:2006, 13, modified — “the cell line” replaces “V79 cells”]

3.16
subculturing
transfer of part of a cell culture into a new cell culture vessel during cell culture

3.17

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 3
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4 Interferences

Toxic effects present in the test samples may lead to a reduction of cell viability and hence to a reduction
of the measured cellular response. Consequently, estrogenic effects of a sample may be masked by acute
toxic effects leading to false negative test results (see Clause 9 for further information). In this case, the
sample should be diluted further until no cytotoxicity is observed (see manual of cytotoxicity test used).

The use of inappropriate sampling devices and/or sampling flask may influence the test result because
of the possible adsorption of active compounds on surfaces leading to false negative results. On the
other hand, active compounds could be released into the sample from sampling flasks, especially if

plastic wa

e is used, and false positive results might be generated. See Clause 7 for more informati

n.

High salin
(Reference
Bacterial 3
antibiotics
observatio

If filtered {
from the s4
not be detdq

Anti-estro
The preser
amount of
induction ¢

Compound
conjugatio

5 Pringiple

Estrogen 1
estrogenr
activated,
estrogenr
transcribir

ty can cause toxic effects due to the resulting osmotic pressure. The ER(a) CALUXq
s [10] to [16]) tolerates a conductivity of the sample up to 34,000 pS/cm (1,0 % w/w 'salin
nd fungal contaminations can negatively influence the response of the cellsy Theref
are added to the cell culture medium. Contamination of the cells is asséssed by vi
h (microscope) when testing the sample. See Clause 9 for further information:

amples are tested in order to remove bacteria from the sample solid-particles are separ4
imple also. Thus, substances with estrogenic activity which are adsorbed on particles m
cted.

benic compounds and other non-toxic inhibitory compounds$/might mask estrogenic effe
ice of interfering compounds can be assessed by samplesswhich are spiked with a defi
an estrogenic compound with defined properties (e.g. 17(-estradiol) leading to a kn
f the test system.

s with estrogenic properties might be preseritas inactive conjugates. A chemical
1 can be necessary in order to quantify the ovektall estrogenic potential of a sample.

eceptor (ER) - mediated signaling:is essential in estrogen action and the mechanisn
pceptor signaling is well established. Upon estrogen binding the estrogen receptor beco

esponsive elements (EREg)yThese EREs have been linked to a promoter element and a g

will activafte luciferase transcription, and the transcribed luciferase protein will emit light whg
substrate is added. The signal’dose-dependently increases as a result of increasing concentration
ligand. The¢ luciferase activity in cellular lysates is measured with a luminometer, allowing relia
sensitive apd quantitativesmeasurements.

6 Apparatustand materials

Beside the|equipment which is usually present in a laboratory for cell culture the following appars3

g for the easily measutable protein luciferase. In these cells, the ligand-activated recej

ells

ty).
ore,
bual

ted
ght

cts.
ed
wn

de-

h of
mes

and binds to recognition sequences in promoter regions of target genes, the so-cafled

ene
btor
na
s of
ble,

itus

and materials are needed. For suitable sampling devices see Llause o.

6.1 Laminar air flow cabinet, standard: “biological hazard”.

6.2

6.3

6.4

6.5

Water bath, 37 °C.
CO2 incubator, 5 % CO3, 37 °C, humidity 100 %.
Inverted phase-contrast microscope.

Freezer, atleast <-18 °C and at <-70 °C.

© ISO 2018 - All rights reserved
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6.7

6.8

6.9

6.10
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Shaking apparatus for micro-test plates.

Centrifuge.

Laboratory balance.

Sterile pipettes, 1 ml, 2 ml, 5 m], 10 ml and 25 ml, glassware or plastics.

Pipette controller.

6.11

6.1

N

6.18

6.11

6.1

6.1p

6.1Y

Cell culture flasks, 75 cm2 with filter lids.

Sterile plastic containers, 12 ml and 50 ml with sterile cap.

Sterile plates with 12 wells.

Multi-channel multi-stepper pipette (repeater pipette), including 5 ml and 10 ml tij
Pipettes, 1 pl, 50 pul, 200 pl and 1 000 pl, with sterile tips.

Multi-channel pipettes, up to 50 pl and up to 300 pk

Sterile polystyrene 96-well plates, with flat transparent bottom and lid, appropri

culture, volume 300 ul per well.

6.18

6.19

6.20

6.21

6.2

N

6.28

Microplate luminometer with two injectors, for addition of substrate and stop reage
Cell counter or hemacytometer:

pH meter.

Cryovials, sterile, 2 ml.

Liquid nitrogen.eontainer for long term cell storage.

Filter, cellulose acetate, 0,45 um pore size.

7 |Reagents, cells and media

DS.

hte for cell

7.1

Reagents

As far as possible, use "reagent grade" chemicals. If (different) hydrates are used that differ from the
compounds specified, ensure that the appropriate mass of the main compound is employed.

7.1.1

7.1.2

7.1.3

7.1.4

Dimethyl sulfoxide (DMSO).

Glycerol for molecular biology, 299 %, molecular weight: 92,09 g/mol, CAS: 56-81-5.

17p-estradiol, 298 %, (C1gH2402), molecular weight: 272,38 g/mol, CAS: 50-28-2.

Ethylene-diamine-tetra-acetate (EDTA), CAS: 6381-92-6.

© ISO 2018 - All rights reserved
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7.1.5 Trypsine, CAS: 9002-07-7.

7.1.6 Fetal calf serum (FCS).

7.1.7 DMEM/F12 medium with phenol red as pH indicator.
7.1.8 Non-essential amino acids (100x).

7.1.9 Penicillin-streptomycin (100x), concentration used 5 000 units penicillin per ml / 5 000 pg
streptomyqimper -

7.1.10 Phpsphate buffered saline pH 7,2 (PBS), without calcium and magnesium.
7.1.11 Adpnosine-5'-triphosphate (ATP), CAS: 34369-07-8.

7.1.12 Trans-1, 2-diaminocyclohexane-N, N, N', N'-tetraacetic acid monohydrate (CDTA),
CAS: 125572-95-4.

7.1.13 Dithiothreitol (DTT), CAS: 3483-12-3.

7.1.14 2-gmino-2-(hydroxyl-methyl)-1,3-propanediol (TRIS), CAS:77-86-1.
7.1.15 Dektran T500.

7.1.16 Activated charcoal.

7.1.17 Coenzyme A, free acid grade, Add CAS: 85<61-0.

7.1.18 D-Luciferin sodium salt, CAS: 103404-75-7.

7.1.19 Magnesium hydroxide carbenate pentahydrate, C4H,Mgs014, CAS: 56378-72-4.
7.1.20 Magnesium sulfate, CAS:)7487-88-9.

7.1.21 Sodium bicarbonate, CAS: 144-55-8.

7.1.22 Cell culture medium powder, Sigma, D2902, without phenol red and sodium bicarbonate.

7.1.23 Tr1cine, CAS: 5704-04-1.

7.1.24 Acetone, (purity p.a.), CAS: 67-64-1.

7.1.25 Sodium hydroxide, molecular weight 40,00 g/mol, CAS: 1310-73-2.

7.1.26 Triton X-100, CAS: 9002-93-1.

7.1.27 Hydrochloric acid solution, 1 M (HCl), molecular weight 36,46 g/mol, CAS: 7647-01-0.

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

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

6 © ISO 2018 - All rights reserved
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7.3 Cell line.

A genetically modified human cell line, expressing the human estrogen receptor (hERa and/or hERf)
and containing a reporter plasmid for luciferase. More detailed descriptions of the individual cell lines
are given in Annex C.

7.4 Media.

Always use sterile solutions, glassware, etc. Carry out all procedures under aseptic conditions and in the
sterile environment of a laminar flow cabinet (biological hazard standard). If autoclaving is necessary,

always autoclave for 20 min at (1 21 + 7) °C._Covervessels logsely never sealair fighf

7.4{1 Cell culture medium.

Add 5,4 ml non-essential amino acids (7.1.8), 42 ml FCS (7Z.1.6) and 1 ml of penicillin-stfeptomycin
(Z119) to a bottle containing 500 ml DMEM/F12 medium with phenol red. Complete cell culture medium
sholild be kept at 4 °C and stored for no longer than eight weeks.

7.4)2 Freezing medium.

Add 1 ml non-essential amino acids, 10 ml DMSO, 20 ml FCS and 1ml penicillin-streptomycin (7.1.9) to
68 ml of DMEM/F12 medium with phenol red. Distribute 20 mlébatches in a sterile manner ¢ver sterile
tubps. Complete freezing medium should be kept at (-20 + 1)Cuntil use and kept on ice on yise.

7.4]3 Concentrated assay medium.

7.4)3.1 3x concentrated assay medium.

Dissolve the contents of one vial of cell cultute medium powder (7.1.22) in 250 ml of watg¢r (at room
temperature) and then dissolve 3,7 g sodium bicarbonate (7.1.21) in the same solution. [Adjust the
pH [to 7,4 using a 1 mol/l HCI or 1 mol/l.NaOH solution. Add water to a final volume of 300 ml and
filtgr sterilize. Add 12 ml of non-essential amino acids (7.1.8), 55 ml stripped serum (7.4.8) and 37 ml
penlicillin-streptomycin (7.1.9). Complete media should be kept at (4 + 1) °C and stored for no longer
thah eight weeks.

7.4{3.2 1x concentrated‘assay medium.

Dilyte 100 ml of 3x_concentrated assay medium with 200 ml of water and filter sterilizd. Complete
medlia should be keptat (4 £ 1) °C and stored for no longer than eight weeks.

7.4{4 Trypsin solution.

Add 20 ml-of trypsin (7.1.5) to 980 ml PBS (7.1.10) and add 0,2 g EDTA (7.1.4). Sterile filter the trypsin

solytiemand aliquot into 50 ml portions. The expiration date is 3 months from the day of pfeparation.
Storethe tubes of trypsin at =20°C

7.4.5 Stop reagent.

Dissolve 8,0 g of sodium hydroxide in one litre of demineralized water, to achieve a final concentration
of 0,2 M.

7.4.6 Substrate mixture.

Completely dissolve tricine (7.1.23) and magnesium sulfate (7.1.20) in 500 ml of demineralized water,
until the solution is clear and colourless. Add the remaining chemicals from Table 1 and add 400 ml of
water. Adjust the pH to 7,8 using 1 mol/l solution of HCl and/or NaOH. Adjust to a final volume of 1 1.
Store at (=20 * 1) °C for a maximum of 3 months or (-80 * 1) °C for a maximum of 12 months.

© ISO 2018 - All rights reserved 7


https://standardsiso.com/api/?name=9ee1b23eb58123de2724e7fd3e28e4e9

ISO 19040-3:2018(E)

Table 1 — Preparation of substrate mixture (1 000 ml)

Compound Weight Molecular weight Molarity
g g/mol Mmol/1
Tricine 3,58 179,2 20
C4HMgs5014 0,52 485,69 1,1
MgS04 0,31 120,37 2,6
EDTA 0,037 372,23 0,10
DTT 5,14 154,2 33,3
Coenzyme A 0,21 767,6 0,27
Luciferin 0,15 320,32 0,47
ATP 0,29 551,1 0,53
7.4.7 Lysis mixture.
Completely dissolve the compounds listed in Table 2 into 500 ml of demineralized*water. Adjust pH to
7,8 using 1l mol/1 HCI and/or 1 mol/l NaOH solutions. Adjust final volume to 4 l-and aliquot into 4( ml
portions. Store at <-18 °C (change for all T issues) for a maximum of 1 year,store at 4 °C for a maxinjum
of one month.
Table 2 — Composition of lysis mixture{1'000 ml)
Compound Weight Volume Molecular weight Concentration
g ml

Tris 3,0 121,1 25 mmol/1
DTT 0,31 154,2 2,0 mmol/1
CDTA 0,73 364,35 2,0 mmol/1
Glycerol 100 10 %
Triton X-10p 10 1%
7.4.8 Stripped fetal calf serum.
Dissolve 0)6 g Tris (7.1.14) in 50 ml of demineralized water in a 500 ml glass beaker and adjust|the
pH to 8,0.[Add 450 ml of demineralized water, 0,25 g Dextran T500 (7.1.15) and 2,5 g of activated
charcoal (7.1.16). Close the bgttle and stir the mixture overnight at 4 °C. Also thaw a bottle of FCS (ZJL.6)
overnight at 4 °C.
The next dpy, transfer”200 ml of thawed FCS to a sterile glass bottle and heat for 30 min at 56 °Cfin a
water batl. Transfew'the charcoal suspension to 12 clean 50 ml centrifuge tubes and centrifuge|the
tubes for 2) mintat 1 000 g. Decant the supernatant. Divide FCS over six tubes with charcoal pellets and
resuspend| [ncubate this suspension for 45 min at 45 °C while shaking. Centrifuge the tubes for 20 min
at 1 0009 nr] r‘nranf fho SertHy |nfn I nf}‘\ar fnlf\ac unf]f\ Frnch nharnnf)] na"nfc Innn]‘\qfn fl‘nc c‘ncpnn lon

for another 45 min at 45 °C while shaking. Centrifuge the tubes for 20 min at 1 000 g and decant the
serum into six clean tubes. Centrifuge again for 20 min at 1 000 g to remove residual charcoal. Pool
serum, filter sterilize and aliquot into 55 ml portions. Store at =20 °C for a maximum of six months.

7.4.9 17p-estradiol (E2) stock solution.

Dissolve 13,6 mg 17B-estradiol (E2) (7.1.3) in 10 ml DMSO (7.1.1). Dilute the stock 1 000x, e.g. by
pipetting 1 ml to 9 ml DMSO and sequentially 1 ml to 99 ml DMSO (final concentration stock solution:

5,0E-6 M).

Store 1 ml aliquots at <-18 °C.

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=9ee1b23eb58123de2724e7fd3e28e4e9

8

8.1

1ISO 19040-3:2018(E)

Sampling and samples

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
Use

Bottles and material for sampling

clean glass bottles (borosilicate glass) preferably with polypropylene

caps or

pol
pre
foil

Altd
am

8.3

Aftq
cled
ace
spa
Let

8.4
Use

skin contact with the sample. Use material from glass, PTFE, aluminium or stainless steel on

Fill
the
is iy
pro
Do

EitH

8.5
Del

Dur
tem

rtetrafluoroethylene (PTFE) lined caps. To avoid photo-degradation of compounds
ferably use amber glass bottles. If transparent glass bottles are used, wrap the bottles.in
or store them in a dark container.

rnatively, bottles made from aluminium or stainless steel (both uncoated) may“be used.
hterial different from borosilicate glass does not affect results.

Bottles and material pre-cleaning

r the routine cleaning procedure, additionally clean the bottles and the caps as follow
n bottles and the caps three times with a minimum amount ‘of acetone (7.1.24). Let t
one evaporate (e.g. drying oven). Close the bottles immedidtely after drying. Rinse all
fulas etc. getting in contact with the sample three times with a minimum amount of aceto|
the residual acetone evaporate.

Sampling procedure

disposable nitrile-gloves during sampling. Do 'not use any hand-cream prior to samplin

the bottles completely. Consider possible expansion of the sample due to a change of tem
samples are to be frozen as part of their preservation, the bottles shall not be completely
order to prevent breakage which/may arise from expansion of ice during the freezing a
Cess.

hot stabilize the samples with chemicals.

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

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

ingAransport keep the sample container frost- and break-proof, protected from exposy
pé€rature increase and external contamination.

bf interest,
Aluminium

Assess that

: rinse the
he residual
glassware,
ne (7.1.24).

b and avoid
ly.

pberature. If
filled. This
nd thawing

re to light,

Cooling or freezing procedures shall be applied to the samples in order to increase the time period
available for transport and storage. Cooling should commence as soon as possible after sampling for
instance in cool boxes with ice, frozen gel packs, or cooling elements. A cooling device in the transport
vehicle is also suitable. A cooling temperature during transport of 2 °C to 8 °C has been found suitable.
The suggested cooling temperature applies to the surrounding of the sample (e.g. inside the cooling
box) and not 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 for
transport, the bottles should be wrapped in paper or in air bubble film to avoid direct contact with the
dry ice.
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8.6 Pretreatment of sample

Preferably analyse the samples non-filtered immediately after sampling because of the possible loss
of particle associated estrogenic activity. The decision about a sample filtration (e.g. cellulose acetate,
0,45 pm pore size) is to be taken by the performing laboratory according to the application and based
on the experience with the sample type under investigation. Report in any case if a filtered or non-
filtered sample was tested. Further information about possible impacts of filtration on samples with
estrogenic activity is given in References [20] and [21].

Adjust the sample to a pH of 7,2 + 0,2 using either HCI (7.1.27) or NaOH solution (7.1.25). Select the
acid or alkali concentrations such that the added volumes are as small as possible. Avoid over-titration.
The adjustiment of the sample’s pH might affect the sample. Report all visible changes caused by|the
adjustment of the pH value (ISO 5667-16).

8.7 Storpge of samples

Test the sgmples 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 largeirsamples in advdnce
into appropriate portions, since thawed samples can only be used on the sdne day. Avoid thawing
and freezihg of samples more than once before analysis. Thaw the sample il the dark at a maximal
temperatufe of 25 °C (e.g. water bath) or between 2 °C and 8 °C overnighti\Do not use a microwavg to
thaw samplles.

Storage of the sample may impact the estrogenic activity of the sample. Possible changes are sample
depending| Specify the duration and conditions of sample storage.based on experience with the spe¢ific
sample type. Further information about possible impacts of storage on samples with estrogenic actiyity
is given in References [22] and [23].

9 Procedure

9.1 Celliculture maintenance

All steps affe performed under sterile conditions using a laminar flow cabinet.

9.1.1 Freezing cells

Trypsinate cells that are subconfluent as indicated in 9.1.3 and resuspend into 10 ml cell culfure
medium (7.4.1). Before proceeding to cell freezing, prepare in advance cryovial: Label each cryoyial:
type of cel], batch number; passage number, date of freezing. Keep track of passage number. Trangfer
the cells t¢ a 12 ml cell~ctlture tube. Centrifuge the cells (250 x g, 5 min), remove the supernatant
medium aId resuspend the cells into 4 ml of ice cold freezing medium (7.4.2). Mix cells and freefing
medium ngt more‘than 3 times. Transfer 1 ml of this cell suspension into cryovials (6.21) on ice, close
the vials qpickly-Place the cryovials in a polysterene box, cover the cryovials with tissue to facilifate
a graduate|freezing of the cells and store at =80 °C overnight. The next day, transfer the cryovials o a

1' d t gl contatnae for o g by croragn
1quld nitré Se-eohtatReror1oREter-Stetage-

9.1.2 Starting a new cell culture

Thaw cells that are stored in liquid nitrogen quickly at 37 °C. Transfer the cell suspension to a 15 ml
tube and add 10 ml of cold cell culture medium in a drop wise manner. Centrifuge the cell suspension
(250 x g, 5 min) and remove the supernatant. Resuspend the cells in 10 ml of culture medium (room
temperature), transfer to a new cell culture flask (6.11) and incubate until subconfluent in a CO2
incubator (5 % CO3, 37 °C, 100 % humidity).
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9.1.3 Culturing cells

Remove cells in a cell culture flask from the incubator. Remove the cell culture medium and wash the
cells twice with approximately 5 ml of PBS (7.1.10). Add 2 ml of trypsin to the cells, swirl around and
remove the trypsin. Leave the cells in the incubator to trypsinate until the cells have detached from the
surface (about 2 min). Resuspend the cells in 10 ml of cell culture medium, transfer a small part to a
new cell culture flask (see subculture ratio defined in Annex C, count the cells if necessary using a cell
counter (6.19). Add cell culture medium up to a final volume of 10 ml and place the cell culture flask in
the CO7 incubator.

9 2 LL 11 = i 'y |
. IIUulidil LTI 1Icpuliicl gllit d55dy Lol protcuuilc

IMBPORTANT — After thawing cells from a stock culture, passage two to three tinmes before using
the|cells in the test.

The procedure takes two days: seeding the cells on day 1 and exposure on day 2. After exposufe, the cells
arelincubated for 24 h. One plate can accommodate 10 dilutions of one sample; A reference|compound
dosg-response curve is included on every plate. All steps are performed under sterile condifions using
a laminar flow cabinet.

9.2]1 Seeding the cells (day 1)

Remhove cells that are subconfluent (85 % to 95 % confluenéy) from cell culture flasks by|enzymatic
digestion (trypsin/EDTA) (9.1.3) and resuspend into 1x concentrated assay medium (7.4.3). Transfer the
cell|suspension to a sterile 50 ml tube and determine the'¢ell concentration using a cell coupter (6.19).
Dilyte the cell suspension with 1x concentrated assay, medium to a concentration of 5 00( to 20 000
cellp per well, depending on the type of cell line used.*Use this cell suspension to fill the inner 60 wells
of 96-well plates (see Figure 1; 100 pl cell suspension per well). Fill the outer 36 wells with P00 pul PBS.
Trapsfer the microtiter plates to the CO2 incubator and incubate for 16 h to 24 h (overnight). The next
day| examine each plate under a phase contrast microscope to ensure that cells are subcor]fluent, cell
growth is relatively even and that there are-no contaminations.

1 2 3 4 5 6 7 8 9 10 11 12
Al P P P P P P P P P P P P
B| P o c C o C o c o o o P
c| o c C o c o c o o o P
D| P o c c o c o c o o o P
E| P o c c o c o c o C C P
F| @ o c C o C o c o o o P
G(Qp C C C C C C C C C C P
H} P P P P P P P P P P P P

Figure 1 — Schematic illustration of the microtitre plate after subculturing

NOTE Pis filled with 200 pl PBS and C with 100 pl cell suspension.

9.2.2" Preparation of the EZ-reference (day 2]

Thaw an aliquot of the 17f-estradiol (E2) stock solution (7.4.9); (5,0E-06 mol/l). Dilute the thawed
stock 1-100 in water (e.g. 100 pl E2-solution + 9 900 pl water, resulting stock 5,0E-8 mol/1 E2). Dilute
the 1-100 diluted stock another 1-100 in water (final E2 concentration of 5,0E-10 mol/l; DMSO
concentration is 0,01 %, which does not influence the assay results). Prepare serial dilutions from this
5,0E-10 M stock, according to the schedule in Table 3. All dilutions should be prepared in glass tubes
with polytetrafluoroethylene (PTFE) caps. Discard 150 pl of concentrations tube (7) and tube (8), so
that the final volume is 1 350 pl in all tubes. Add 675 pl of 3x concentrated assays medium (7.4.3) to
each of the tubes and mix. The volume of E2-reference prepared, is sufficient for three 96-well plates.
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Table 3 — Dilution steps for the reference compound 17-estradiol (E2)

[E2] [E2] [E2]
Tube Water Add
mol/1 mol/1 ng/l
in water in medium | in medium
D 0 pl 1 500 pl of 5,0E-10 mol/1 E2 stock 5,0E-10 3,3E-10 90,8
(2) 1050 pl 450 pl of 5,0E -10 mol/1 E2 stock 1,5E-10 1,0E-10 27,2
(3) 1350 pl 150 pl of (1) 5,0E-11 3,3E-11 9,08
4) 1350 pl 150 pl of (2) 1,5E-11 1,0E-11 2,72
(5) 1350 pl 150 pl of (3) 5,0E-12 3,3E-12 0,908
(6) 1350 pl 150 pl of (4) 1,5E-12 1,0E-12 0,272
(7) 1350 pl 150 pl of (5) (+ discard 150 pl) 5,0E-13 3,3E-13 0,090 §
(8) 1350 pl 150 pl of (6) (+ discard 150 pl) 1,5E-13 1,0E-13 0,027
9) 1350 pl — 0,0E+00 0,0E+00 0,0
NOTE The volume of E2-reference concentration prepared is sufficient for three 96=well plates.
9.2.3 Preparation of the sample dilutions (day 2)
Homogenize the sample before use by shaking. Prepare nine successive'dilutions of the test sample With
sterile watpr resulting in ten dilution levels (see Table 4). Less dilutignlevels can be used, provided that
the signal ¢btained can be used for the calculation of the 175-estradiol equivalents for the test samples.
Prepare al| dilutions in glass tubes with polytetrafluoroethylene (PTFE) caps. Discard 500 pl of|the
last two dilutions (tubes (9) and (10)) so that the final volunze‘is 500 pl in all tubes. Add 250 pl of the 3x
concentrated medium (7.4.3) to each tube. A recommended-set up for chemicals and extracts is shgwn
in Annex Dland Annex E.
Table 4 — Dilution stéps for the water samples
Tube Water Add Dilution factor (D) % sample
M 0pl 500 pl of sample 1x 100,0
(2) 500 pl 500 pl of sample 2X 50,0
3 667 pul 333 pl of sample 3x 33,3
(4) 500 pl 500 pl of (2) 4x 25,0
(5 500 pl 500 pl of (3) 6x 16,7
(6) 500 pl 500 pl of (4) 8x 12,5
(7) 5007l 500 pl of (5) 12x 8,3
(8) 500l 500 pl of (6) 16x 6,3
9 500 pl 500 pl of (7) (+ discard 500 ul) 24x 4,2
(10 500 pl 500 pl of (8) (+ discard 500 pl) 32x 3,1

9.2.4 Field blank

Prepare field blank solution similar to the samples, but without dilutions. For each sample a
representative field blank has to be analysed (at the same day) using the same media, cell culture and
instrumentation. If a field blank is representative for a series of samples, it may be tested only once.

9.2.5 Exposing the cells (day 2)

Use a volume of 200 pl for each well (sample, dilutions, controls, field blank). Test each sample at ten
dilutions, with each dilution level in triplicate on the same plate. Additionally, the sample plate shall
contain at least a triplicate of the negative control. Include a dose-response relationship of the reference
compound 17f-estradiol on each plate.

12
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To expose the cells, proceed in two steps. First, remove the medium from the wells B2-D11 (wells
for reference compound concentrations and field blank) by aspiration. Add 200 pl of each of the
concentration of the reference compounds (9.2.2) (in triplicate) according to the layout in Annex B. Add
200 pl of field blank (in triplicate), according to the layout in Annex B. Secondly, remove the medium
from the wells E2-G11 (wells for sample dilutions) by aspiration. Add 200 pl of each of the sample
dilutions (9.2.3) (in triplicate) according to the layout in Annex B. Ensure that the cells are not without a
medium for more than 2 min. After exposure, transfer the micro well plate to the CO, incubator (100 %

humidity, 5 % CO3, 37 °C) and incubate for 24 h. A recommended plate set-up is shown in Annex B.

9.2.6 Harvesting the cells (day 3)
After 24 h treatment, examine each plate under a phase contrast microscope to identify[systematic
cell| seeding errors and growth characteristics of control and treated cells. Record changes in the

mot
for
can

To
inn
lum

9.2

Tha3
med
the
the

Cornftinue until all plates have been measured. Export all measured data to files that can b

late

9.3

9.3

The
san

phology of the cells due to cytotoxic effects of the test sample extract, but do not use thg
hny quantitative measure of estrogenic activity. Undesirable growth characteristics of c
indicate experimental error and can be cause for rejection of the assay.

harvest the cells, remove the medium from the cells and add 30 pl lysis reagent to ¢
er 60 wells (see Figure 1). Shake the plate for 15 min at room temperature for meas
inescence (9.2.7) or store at <-20 °C for up to two weeks.

7 Measurement of luminescence (day 3)

w the substrate mixture (7.4.6) and allow it to reach ro6m temperature. If frozen plate
isured, allow these to reach room temperature befaréycontinuing with the measuremer

following settings:

add 100 pl of substrate mixture to a well (7#.6);
measure the amount of luminescence £6r 4 s;
add 100 pl of stop reagent (7.4.5);

continue with the next well.
r on into calculation programmes. A recommended settings of the luminometer is shown

Data analysis

1 Calculation of the reporter gene induction

induction rate (I(i)) quantifies the fold induction of the estrogen receptor mediated 1
ple‘dilutions and E2 reference concentrations in the test compared to the basal recept

se records
bntrol cells

ach of the
irement of

s are to be
t. Measure

luminescence of the inner 60 wells only of the 96-well plate (well by well) using a lumingmeter and

b imported
n Annex A.

esponse of
or activity,

whichlis determined in the reference solvent control. Calculate the induction rate of sample dilutions
and E2 reference concentrations in test (i) according to the following Formula (1):
~  RLU(i)
(i)= et 1)
RLU(NC)
where
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1(1)
RLU(7)

RLU(N

is the induction rate of a sample dilution or E2 reference concentration in test i;

is the estrogenic response (relative light units) of a sample dilution or E2 reference
concentration in test i;
C) isthe mean estrogenic response (relative light units) of the reference solvent control
(0 mol/1 E2 concentration) in test i.

Calculate the mean I(i) for all tests and the respective standard deviation (sigma (i)). For the assessment
of the test results use these mean values. Use the mean induction rate for a subsequent statistical

evaluation

and the construction of a dose response curve, Use the mean induction rate as well for

the

calculation

9.3.2 Ca

The percel

of 17p3-estradiol equivalents as described in Annex H.

culation of the percentage of maximum response

itage of maximum response (% Max) quantifies the response of the estrogen medi:

ted

response i the samples compared to the maximum response of the reference compeund 17f-estragliol.

It has the
location sf
maximum
according

%Max

where

% Max(i) is the relative response of a sample compatied to the maximum response of the PC in te

ISample

Ipc

9.3.3 Ca
Every 96-v

Calibration
induction fi

Sample di
maximum

10 Valid

hdvantage that results between labs and assays can be compared, régardless of date
ecific variations in relative light units or induction factors of th€ individual assays.
Fesponse is set to 100 %, while the background is set to 0 %. Calculate the % Max of a tes

o the following Formula (2):

_ ISample _1><100

~.

)

Ipc -1

is the fold induction rate of a sample-in test i;

is the mean fold induction valueof the 1E-10 mol/1 E2 concentration of test i.
culation of the dose-response curve

bell plate includes a full dose-response curve of the reference compound 175-estradiol (E

rom the various 175-E2 concentrations, based on the formula given in Annex H.

ution-resporse/ curve: Calculate the dilution-response curve using the percentagg
nduction ftem the various sample dilutions, based on the Formula (H.1) given in Annex |

itycriteria

and
The

20
(2)

st i;

D).

dose-response curve! Calculate a calibration curve using the percentage of maximum

of

==

10.1 Validity criteria for the assay

The test is valid if:

a) the ECsg concentration range of 173-estradiol is in the range from 1,6 to 34 pmol/l;

b) the minimum fold induction of the highest 175-estradiol concentration, with respect to the
reference solvent control, is equal to or higher than 5;

c) the correlation R2 of the 175-estradiol concentration response curve is equal to or higher than 0,98.

If any of these criteria are not met, the entire test plate is invalid.

14
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2 Validity criteria for samples

If the criteria for the test plate are valid, results of the different dilutions of a sample are valid if:

a)

b)

the relative standard deviation of the selected triplicate is <15 % (inter well deviation).

In case the

tested sample concentration shows no response above the LOD in all triplicate wells, the relative

standard deviation is allowed to be >15 % but <30 %;

no other types of interfering conditions have been observed, e.g. contamination, cytotoxicity etc.

If these criteria are not met, the sample shall be retested. If the highest dilution of the samples still

sho

AnnexF.

11
The
incy
int
12
Thd
a)
b)
c)
d)

e)
f)
g)

that case, the samples with the two highest dilutions factors are again included in't
ysis. Higher dilutions factors can be prepared according to the schedule given in Anhex E
h from an interlaboratory test based on the procedure described in this document'are d

Assessment criteria

test sample is assessed to mediate an estrogenic activity if a\significant concentrat|
ease of reporter gene activation is measured which exceeds significantly the reporter ge
he field blank. An example of statistical assessment is given iy Ahnex H.

Test report

test report shall contain at least the following infofmation:

the test method used, together with a reference to this document, i.e. ISO 19040-3:2018;
identity of the test sample (origin and date of sampling, pH value, conductivity);
reference compound (chemical name;source, batch number or comparable data, if availz

storage of sample and preparation of test sample (storage conditions and time (if
directly) and other manipulations);

cell line used, including passage number/cell batch;
testing environment-(address of testing laboratory, date of test, method of counting);

test results (mean induction rates for field blank, mean induction rates for each tes
concentration-and reference dilution with percentage standard deviation, qualitative ass
the estroegenicity of the sample (yes/no) with information about statistical evaluation)
of toxiczeffects (if any) and other observations (e.g. precipitation, contamination). If

for,the'sample or sample dilutions are calculated, further reporting is required as d

Annex H. If LID values are calculated further, reporting is required as specified in Annex

tion factor
e repeated
Validation
bscribed in

jon-related
ne activity

ble);

not tested

ed sample

essment of
indication

EEQ values

pscribed in
L.
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Annex A
(informative)

Settings of the luminometer

To measure the luminescence response in the transparent 96-well plates, the luminometer needs to

have two ir
solution to

— volum

— volum

JeTToT oTITer [=) o ToTo T TCoTT

quench the luminescence signal. The following settings are used:

— measufring time after the addition of 100 pl luciferase preparation: 4 s.

16

e dispenser I: 100 pl luciferase substrate solution (to produce the light);

e dispenser I1: 100 pl 0,2 mol/1 NaOH solution (to quench the signal);

tactorcsauvailahla: anag for addinatha cuhetyrata and o cocnn d-ene-to-addthesodivm-hyvdrexide
SavVairaore-eheroraaagtne-SHosState ot e-ohe-toaaathe-Seat i nyearo
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Annex B
(informative)
Plate setup
1 2 3 4 5 6 7 8 9 10 11 12

2 105 L2 33 L. 2 105 £2 33 L. E2 105, L£2 Lo L2 105 £2 33 L. <4
E2-0 13 13 12 12 11 11 10 10 _1-_

E2 1,0- E2 33E- E2 10E- E233E- E210E- E233E- E210E- E233E- 1
E2-0 E-13 13 12 12 11 11 10 10

E2 1,0E- E2 3,3E- E2 10E- E233E- E2 10E- E233E- E210E- E233E- _-]-_
E2-0 13 13 12 12 11 11 10 10

32&a 24&a 16&a 12&a 8&a 6&a 4&a 3&a  2&2  1&a
32&a 24&a 16&a 12&a 8&a 6&a 4&a 3&a  2&3a  1&?
32&2a 24&2 16&2 12&a 8&2 6&a 4&a 3&a 2&3a 1&3

o m m O o0 wm o>

Key
1 [field blank
a  |Sample.

Figure B.1 — Plate set-up for one sample with 10 successive dilution levels (in tripjlicate)

Include a full dose-response curve of the reference compound 175-estradiol (E2) on every plate.
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Annex C
(informative)

Bioassay characteristics and details

Key
chemicpl (mix)
receptdr
luciferdse protein

light signal proportional to amount of biological active chemical in sample
luciferase mRNA

luciferase

receptdr binding elements

endogephous gene

O 0 N O U1 B W N -

biologi¢al effect
Figure C.1 — Test principle

Estrogeniclcompounds;-present in a complex mixture, diffuse into the cell where they can bind to|the
human estirogen reéceptor (hER). Due to receptor binding, the activated estrogen receptors dimefize
and are acfively-transported into the nucleus. The receptor dimer binds to and activates a promg¢ter
that contains€strogen respondlng elements. As a result, the cell produces the enzyme luciferase, which
can be quaptified b bstra ing the light pro

of the reporter gene, assessed by amount of light produced, is proportional to the actlvatlon of the
human estrogen receptor by the (xeno)estrogen (see Figure C.1).

ERalpha CALUX

The ERalpha CALUX expresses the human estrogen receptor alpha (hERa) in human osteoblastic
osteosarcoma U2-0S cells. The cell line contains a plasmid with repeats of estrogen responsive elements
(ERESs) controlling the expression of the reporter gene luciferase (see References [10] to [18]).The assay
is highly selective for estrogens because multimerized hormone-responsive elements in the reporter
constructs are cloned upstream of a TATA box only to prevent interference by other promoter elements
(References [17] and [18]). Regarding the instructions for the subculture ratio, see Table C.1.
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Table C.1 — Instructions for the subculture ratio

1ISO 19040-3:2018(E)

Time to next subculture

75 cm?2 bottle

3d

1:4

4d

1:8

The MELN cell line is derived from the MCF-7 human breast cancer cell line that have been stably
transfected with a plasmid containing the luciferase gene driven by an ERE in front of a (3-globin

pro
req
the

ER
The

CALUX

Table C.2 — Instructions for the subculture ratio

ater (Rpﬁnrnnr‘p f1Qn The cells express both ERqa and F'PR nndnopnmlc]v A c]lchf adaptation is

Lired for this cell line: on day 2 the medium is refreshed and on day 3 the cells are exp6sg¢d (day 2 in
protocol). Regarding the instructions for the subculture ratio, see Table C.2.

Time to next subculture

75 cm?2 bottle

3d

1:3

4d

1:5

ER CALUX cell line is derived from the T47D human breast cancer cell line that have lpeen stably

tramsfected with a plasmid containing the luciferase gene {sée References [12],[14],[15]) Regarding the

inst

Thi
hun
Hell

ructions for the subculture ratio, see Table C.3.

Table C.3 — Instructions-for the subculture ratio

Time to next subculture

75 cm?2 bottle

3d

1:3

4d

1:5

5 document is based on the evaluation and interlaboratory study using the above mentioned in vitro
nan cell-base reporter genetassays. Other reporter cell lines, e.g.: HELN-ERalpha, HELN-ERbeta,
a-9903, T47D-kbLuc, candeused if they fulfil the described general requirements as mentioned in
se 10. In addition, laboratory proficiency shall be proven by the continuous successful pqrticipation

1
inptrla

terlaboratory studi€sfor the determination of estrogenic potential for water and waste water.
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D.1 Gen

Annex D
(informative)

Test set up for chemicals and extracts

ral

For the an
be concen
procedure

D.2 Extraction of water samples

Water sam
samples us
show high

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

with suital
extracts pi
compound

D.3 Test

The procec

Use 1x con

with demiferalized water. For exposure, pipette 1 pl of each sample dilution into 1 ml of test med

(final solve
to the med
temperatu
all plates

exposure,
extracts of
(LOQ) of €
EEQ/I (LO

D.4 Data from literature

‘rated by extraction procedures. Annex D gives information about possible.‘eéxtrac
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17B-estradiol. The relative potency (%) is calculated as follows:

(D.1)
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where

Py is the potency of a compound C relative to a reference compound R (e.g. 175-estradiol) in
percent;

ECso(R) isthe EC50 of the reference compound 173-estradiol;

ECs0(C) is the ECsq of the compound.

Tabfe D.T shows the relative potencies to I/pB-estradiol for selected compounds togethdr with the
respective reference.

Table D.1 — Summary of relative potencies (Pr) to 17f-estradiol for selected compounds

Compound U20S-ERa Reference T47Dof3 Ref¢rence

17f-estradiol 1 1
17¢-ethinylestradiol 1,3t0 1,5 [10] [11] [25] 1,2 [12] [[14] [15]
17 -estradiol 0,1 [10] [11] [16] 0,016 [12] [|14] [15]
Estirone 0,02 [10] [11] [16] 0,056 [12] [[14] [15]
4-Nonylphenol 5,9E-04 [10] {11] 2,3E-05 [12] [[14] [15]
Dirhethyl-phtalate 1,1E-05 [12] [[14] [15]
Geijistein 1,1E-04 [11] 6,0E-05 [14] [14]
o,p{DDT 1,9E-05 [11] 9,1E-06 [14] [14]
Methoxychlor 1,8E-06 [11] 1,0E-06 [14] [14]
Bisphenol-A 7,8E-06 [12] [14] [15]
Nopylphenol ethoxylate 3,8E-06 [12] [14] [15]
4-(ctylphenol 1,4E-06 (12] [[14] [15]
Di-pthylphtalate 3,2E-08 [12] [[14] [15]
Di-p-butylphtalate 1,8E-08 [12] [[14] [15]
Equiol 7,6E-04 [10] [11]
Noyethynodrel 0,015 [10]
Di(p-Ethylhexyl)phthalaté > 6,0E-07 [12] [[14] [15]
Estriol 0,017 [11]
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Preparation of dilution series

Table E.1 — Dilution steps for the water samples

Dilution level (D) % sample
[ x 100 500 pl sample
P X 500 ] 500 pl sample + 500 pl water
B 333 - ™ . 333 pl sample + 667 pl water
55 250 e | e - 500 pl 2x + 500 plwater
X 167 . | » 500 yl 3x + 50071 water
BX 125 - [ A 500 pl 4x 500 pl water
12x 83 . ™ A 5004{16% + 500 pl water
16x 63 | e A 500 pl 8x + 500 pl water
Adx 42 e = e 500 ul 12 + 500 pl water
42x 31 | e A 500 pl 16x + 500 pl water
48x 21 | ik 500 pl 24x + 500 pl water
dax 16 | e - 500 ul 32x + 500 il water
96x 10 e |G e 500 ul 48x + 500 pl water
1p8x 078 | e 500 ul 64x + 500 pl water
1hax 052 o | e 500 1 96x + 500 yl water
2p6x 039 - | A 500 pul 128x + 500 pul water
3B4x 026 .| " e 500 ul 192x + 500 pl water
512x 020 - | e 500 pl 256x + 500 il water
768x 013 | e - 500 pl 384x + 500 pl water
1(24x 0,10 e 500 pl 512x + 500 ul water
NOTE Jamples are diluted using two-fold dilution steps in order to accurately assess the dilution level [
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Performance data

F1

T Tor Y

F.1/1 General

interlaboratory test based on the procedure described in this document was cariied out in
Dedember 2015 for the generation of this validation data (see Reference [26]). Thé-aim of thig study was
to demonstrate the suitability of the proposed method for the determination-¢fthe estrogenjc potential
of Water and waste water by means of a reporter gene assay utilizing stably transfected hfiman cells,
which is the focus of the scope. The statistical evaluation of the data was performed adcording to
[SO[5725-2.

F1{2 Description of samples and participating laborateries

In tptal eight samples were analysed (see Table F.1):

Table F.1 — Description of samples

S le | Sample Expected Assigned
p p Description estrogenic EEQ value
number type 2.
activity ng/l
S1 Aqueous |Effluent of a municipal sewage treatment plant (STP) +
S2 Aqueous |Same as sample S1;but spiked with 10 ng/1 EE2 ++ 1 +15ng
EEQ/]
S3 Aqueous |Influent of a'municipal sewage treatment plant (same STP +++
as for the'samples 1 and 2)
S4 Aqueous |Surfacewater Rhine
S5 Aqueous | Same-as sample S4, but spiked with 15 ng/l1 EE2 ++ S4 +22,5ng
EEQ/I
S6 Aqueouts ) Blanc water (de-ionized water)
S7 Ethanolic | Mix 1: 400 ng/1 E2 + 4000 ng/1 E1, which have been dilut- ++ 4,8
ed 1- > 100 which results to final concentrations of 4 ng/1
E2 +40 ng/1 E1in 1 % ethanolic solution
S8 Ethanolic | Mix 2: 4 mg/l bisphenol a + 100 mg/!1 tert-butylphenol + ++ ca. 3,5
100 mg/1 benzylbutylphthalat;, which have been diluted
1- > 100 which results to final concentrations of 40 pg/1
bisphenol a + 1 mg/I tert-butylphenol + 1 mg/1 benzylb-
utylphthalatin 1 % ethanolic solution (REPs only known
from bisphenol a)

NOTE1 Based on historical screening data the expected estrogenic activity of the samples were scored “+”
expected low activity (close to the assay LOQ), “++” expected significant activity (quantified between the assay
LOQ and ECsg of the reference curve), “+++” expected high activity (quantified above the ECsg of the reference

«wn

curve) or“-” no activities expected.

Twelve laboratories provided data for the distributed samples. The in vitro human reporter gene assay
can be carried out with various cell lines. In the present round robin test, only laboratory number L07
used cell line T47D, all other laboratories used the cell line U20S. The data interpretation of laboratory
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L07 with T47D cell didn't show any systematically different EEQ values compared to all other
laboratories using the U20S cell line.

The samples S1 to S6 have been tested from all twelve participating laboratories. For samples S7 and
S8, only 4 measured values of 3 laboratories were available. A statistical analysis was therefore not
possible. Still, for sample S7 and S8 the geometric mean values for orientation are given in Table F.3.

Table F.2 — Overview of samples which each laboratory was testing

Laboratory Sample S1 to S6 Sample S7 to S8

101
TUT

L02
L03
L04
LO5
L06
L07
L08
L09
L10
L11
L12

Number of data sets

Pay

*

LR R R R

=
N

3

NOTE 2  Most laboratories used ERa CALUX based on stable transfected U20S - cells. Only laboratory [L07
used ER CALUX based on stable transfected T47D -cells.

In most cages each sample was analysed by all laboratories at least twice, in independent experiments.
The numbdr of laboratories which provided data:for a specific sample is indicated as well as the nunjber
of indepenglent tests in Table F.2.

F.1.3 Summary of 17B-estradiolequivalent concentrations (EEQ)

All laboratpries carried out either'two or three repeated measurements per sample. Here each sample
measuremgent was assigned its Owh control, thus in case of samples S1 to S6 per lab a total of 12 of 18
repeated njeasurements were available for evaluation. The dilution steps used for the evaluation offthe
EEQ and LID value were fer-all laboratories: undiluted, 2-, 4-, 8-, 16-, 32-, 64-, 128-, 256- and 512-times
diluted.

The level pf estrogenic activity of samples with a response below LOQ are set to the LOQ lgvel
for calculation purposes. In case no activity is detected in any of the replicates, the average LO[) is
expressed forthe replicate measurements.

For the samples 1 to 6, respectively 26 to 27, individual measurements were available from a total of
12 laboratories; for the samples 7 and 8 are each 4 individual measurements of 3 laboratories. Based
on the specified validity invalid individual measurements were identified and excluded from further
analysis.

All assays were classified as valid. Of all the 161 sample measurements, total 5 results were classified
as not valid for (slightly) too high variability of parallel measurements:

— Sample 1: L11, measurement 1 and 2;
— Sample 3: L08, measurement 2;

— Sample 5: LO9 measurement 2 and L.10 measurement 2.
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This corresponds to an amount of 3 % based on all measurements; based on the respective samples,
the proportion of invalid measurements was between zero and 7,7 %. The lab-specific LOQ values were
indicated from participants between 0,32 ng/1and 0,71 ng/1. The lab-specific LOD values were reported

between 0,17 ng/1 and 0,35 ng/I.

For the aqueous sample S6 (deionized water, unloaded) no effects were measured. Also for the sample S4
(surface water Rhine, not or very lightly loaded) results were found below the level of quantification
(LOQ; ataround 1,0 ng EEQ/1) and below the level of detection (LOD; at around 0,3 ng EEQ/1).

The low polluted sample S1 (effluent WWTP) showed a detectable estrogenic potential of 1,7 ng/1
(laboratory geometric mean). The samples S2, S3 and S5 yielded geometric EEQ means of 18,7 ng/],

51,% ng/1 and 23,6 ng/l. The different contaminated levels were reflected very well by the[laboratory
restilts. The total variability of EEQ values expressed in coefficients of variation was lying'hetfween 18 %
and 42 %. Table F.3 summarizes the results. Figure F.1 shows the results graphically. An-eéxaination of
thefaccuracy is carried out in F.1.4.
Table F.3 — Summary of EEQ results of the in vitro human reporter gene assaly
HRGA
EEQ [ng/1]

Sample S1 S2 S3 S4 S5 Sé6 g7 S8
11-\!2 mber of laborato- 12 12 12 12 12 12 3
Nufnber of measure- 26 27 27 27 27 27 ) 4
ments

Invplid measurements 2 — L — 2 — T —

0, i -

% Invalid measure 77 - 3,7 . 74 - 1 .
ments

Number of measure-

mefts < LOD 1 N o 26 - 27 1 o
Oufliers excluded (sin-| =4} 559 N~ 1(L08) | nd. 1(L03) | nd. | nld. | na
glemeasurements)

Oufliers excluded — 1(L07) — n.d. — nd. | nfd | nd
(mgans)

Nunber of laborato- 11 11 12 1 12 0 4
rieg for statistics

Number of measure- 22 25 25 1 24 0 4 4
mehts for statistics

Laboratory geometric mean (expected value), n
LO] 1,5 (1,6),3 [ 19,7 (19,7), 3| 65,1 (66,0), 3 | <LOQ | 25,3 (26,4),3| <LOD |6,d-1|5,3-1
L0’ 1,3 (1,3),2 | 20,4 (20,7), 2| 75,3 (75,9),2 | <LOQ |31,9 (32,7),2| <LOD | —+ —
L0] 2,1(2,1),2 (19,6 (22,4),2| 40,1 (42,9),2 | <LOQ| 22,6-1 |<LOD |3,24-1|45-1
LO T,2(1,2), Z[16,1(16,9), 2] 36,91(38,1), 2 [<LOQ [ 15,6 (17,5), 2| <LOD [ — —
L05 2,6-1 19,0 (19,0), 2| 69,3 (69,3),2 | <LOQ |24,2 (24,7),2| <LOD — —
L06 1,2-1 |149(151),2] 51,3 (51,3),2 | <LOD | 19,8 (19,9),2| <LOD | — —
LO7 1,9 (1,9), 2 | 10,5 (10,5), 2| 42,9 (43,1),2 | <LOD |14,0 (14,0),2| <LOD | — —
L08 1,4 (1,4),3 [19,1(19,5),3| 572 -1 |<L0Q(30,7(30,7),3| <LOD | — —
L09 1,9 (2,1),3 | 20,3 (20,4), 3| 67,3 (68,4),3 | <LOQ |25,5(25,5),2| <LOD |54-2|57-2
L10 2,4(24),2 [21,5(21,5),2| 21,5(21,5),2 |<LOQ| 27 -1 [<LOD| B
- 0,65

L11 — 18,5 (18,5), 2| 38,2 (39,9),2 | <LOQ [ 279 (31,2)2|<LOD | — —
L12 1,8-1 |16,5(16,6),2| 72,0 (72,0),2 | <LOQ | 24,0 (24,0)2| <LOD | — —
min - max 1,2t02,6 | 149to 21,5 | 369to 75,3 14,0 to 31,9
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Table F.3 (continued)

factor max/min 2,2 1,4 | 2,0 | 2,3
HRGA

EEQ [ng/I]
Sample S1 S2 S3 S4 S5 Sé6 S7 S8
Geometric mean 1,7 18,7 51,5 n.d. 23,6 n.d. 5,0 53
Expected value 1,8 19,0 55,9 249 — —
95 % CI 1,4t02,1 |16,5t021,1| 39,9t0 66,6 19,3 to 28,9 — —
95 % PI 09to3,0 | 13,1to26,7 | 23,4t0 113,8 12,7 to 44,1 — +
99 % PI 0,8t03,7 | 299to 11,7 | 18,5t0 145,6 10,4 to 53,5 — +
sy (repeatability) 0,317 3,044 7,261 4,462 — +
st, (interlabloratory 0,444 1,720 22,399 6,777 - 1
variability)
sg (reprodycibility) 0,546 3,501 23,547 8,114 — —+
sr% 18,1 16,0 13,0 179 — +
s % 25,4 91 40,1 27,3 — +
SR % 31,2 18,4 42,1 32,6 — +
SR/Sr 1,72 1,15 3,24 1,82 — +
NOTE Confidence interval (95 % CI) and prediction interval (95 % PI und/99 % PI) are related to the geomejt-
ric means.
Sr stapdard deviation of repeatability
SR sta]:dard deviation of reproducibility
SL labgratory standard deviation
n.d. not|detected
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Figure F.I — summary of 17p-estradiol equivalent concentrations (EEQ) [ng/I[inaqueous

samples S1, S2, S3 and S5

F.1.4 Summary of lowest ineffective dilutions LID

The lowest ineffective dilution is determined as described in Annex I. 1.6 for each independent
experiment. Dilutions are prepared according to Table F.4. For the valid single results, both with the
original raw data as well as with the individual laboratory mean results and outlier analysis was
performed. No values were identified as outliers. Table F.4 summarizes the results. Figure F.2 shows the
results graphically.

The overall geometric means of the LID analysis presents well the different levels of estrogenic activity
in the samples S1 to S6. The laboratory means scattered depending on the sample and covered up to five
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dilution levels. The total variability of the results expressed in coefficients of variation was between
69 % and 132 %.

Table F.4 — Summary of determined lowest ineffective dilutions (LID)

Summary of determined lowest ineffective dilutions (LID)

LID
Sample S1 S2 S3 S4 S5 S6 S7 S8
Number of laboratories 12 12 12 12 12 12 3 3
Number of preastre 26 27 27 27 27 2F 4
ments
Invalid medsurements 2 — 1 — 2 — — —+
% Invalid npeasure- 7,7 . 3,7 o 7,4 . bo |
ments
Number of L . . 21 L 24 1x> 16 1x % 16
measurements = 1
Outliers exfluded (sin- 1 (L07) . L L 1 (L02) . L 1
gle measurpments)
Outliers exfluded . . L L W . L 1
(means)
Number of Jaboratories 11 12 12 12 12 12 3 3
for statistigs
Number of measure- 23 27 26 27 24 27 3 3
ments for sfatistics
Laboratory geometric mean (expected value), n
LO1 5,0(5,5),3 | 80,6 (874),3 | 203{220),3| 1,3 | 128(163),3 | 1 4-1 841
L02 11,3 (12,8),2| 64 (133,4),2 [256(256),2| 1,4 128 -1 1,4 — —+
L03 57(6,4),2 | 453 (51,0),2 | 64(64),2 | 1,4 |128(128),2| 1,4 | 8-1 841
L04 11,3 (12,8),2(90,5 (102,1), 2| 512 (512),2| 2 |128(128),2| 1 — —+
L05 57(6/4),2 | 22,6/(25,5),2 | 64(64),2 1 1[45,3(51,0),2| 1 — —+
Lo6 4(4),2 45,3 (51,0),2 | 362 (408),2| 1 (45,3(51,0),2| 1,4 — —+
L07 8-1 90,5 (102,1), 2| 362 (408),2| 1 64 (64),2 1 — —+
L08 3,2(3,4),3 | 50,8(55,0),3 | 181 (204),2| 1 |128(128),3| 1 — —+
L09 10,1(13,9),3| 128(128),3 |406(440),3| 1 |181(204),2| 1 | 16-1| 32}1
L10 4(4),2 32(32),2 32(32),2 2 32-1 1 — —+
L11 - 22,6 (25,5),2 | 32(32),2 1 |22,6(255),2] 1 — —+
L12 16-1 90,5 (102,1), 2| 256 (256),2| 2 64 (64), 2 1 — —+
min - max 4t011,3 22,6t0 128 32to 512 1to | 22,6t0181 1 [(4tol16|8tq32
2 tol,4
factor max/min 4,0 o,/ 16,0 A 3] 1,4 4,0 4,

28
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Table F.4 (continued)
Summary of determined lowest ineffective dilutions (LID)
LID

Sample S1 S2 S3 S4 S5 S6 S7 S8
Geometric mean 6,3 57,8 167,1 1,3 80,6 1,1 8,0 12,7
Expected value 7,6 72,1 276,7 n.d. 103,8 nd. | n.d. n.d.
95 % CI 4,1t09,5 378t088,2 88,3 to 51,3 to 126,7

316,3
95 poPi +9to 21521156 to 2132 23;3to 26;0t0 3246

1196,5
99 Yo PI 1,3t0309 | 10,4to0320,1 12,7 to 13,0 to 500,8

22079
sr (fepeatability) 4,089 35,844 67,254 33,408
si, (inter-laboratory 3,240 40,282 358,992 77,199
varjiability)
SR (reproducibility) 5,218 53,920 365,238 84,118
sr% 53,7 49,7 24,3 32,2
s., %o 42,5 559 129,7 74,4
Sk Y 68,5 74,8 132,0 81,0
SR/pr 1,28 1,50 5,43 2,52
NO[TE 1 Confidence interval (95 % CI) and prediction interval (95% PI und 99 % PI) related to the geomg¢tric means.
NOJ'E 2 Laboratory 7 used the ER CALUX bioassay (T47D cells); all other laboratories used the ERa CALUX bio-
asspy (U20S cells).
sr | standard deviation of repeatability
sg | standard deviation of reproducibility
si, | laboratory standard deviation
n.d.| notdetected
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Figure F.2 =~ Summary of determined lowest ineffective dilutions (LID) of aqueous samples 51,

P
D)y JJ dilIU OJ

F.1.5 Trueness of results

A quantitative evaluation of the accuracy is possible with the spiked samples S2 and S5; for the
remaining samples only a qualitative statement is possible. The assigned EEQ values were calculated
from the relative potencies of the spiked samples S2 and S5 and the mixtures of reference chemicals
in ethanol solution (S7 and S8). For the sample S7 the assigned EEQ value was 4,8 ng/l; for sample S8
3,5ng/L.

The assigned EEQ value of the spiked samples was determined for each laboratory as a sum of the
measured EEQ value of the unspiked sample and the theoretical value of the spiking. If a laboratory
reported a result,< LOQ" for the unspiked sample, the corresponding EEQ value was assumed to be zero.
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For the following evaluation of the theoretical EEQ values, a relative equivalent potencies (REPs) of 1,5
was used for 17a-ethinyl-estradiol (see Table D.1). Therefore, in case of samples S2 and S5, the assigned
EEQ values are resulting from the sum of the EEQ value of the aqueous sample S1 plus 15 ng/1 (S2) or S4
plus 22,5 ng/1 (S5).

For samples S2 and S5, 19 of 21 results with the U20S cell line were in the range of +30 % of the assigned
values (90 %). Two results (10 %) differed between 31 % to 50 % from the assigned EEQ value. The
mean percentile difference was +11,7 % for sample S2 (95 % confidence interval between -3,3 % and
+20,1 %) and +10,6 % for sample S5 (95 % confidence interval between -3,2 % and +24,4 %). Across the
samples, the mean accuracy was +11,1 % (95 % confidence interval between +3,6 % and +18,6 %).

As to be expected, for the high polluted sample S3 (influent WWTP), high EEQ values, yere found
(37|ng/1to 75 ng/1). The results for the spiked mix samples S7 and S8 were in a range of =33"% to +63 %
of the assigned values.
Table E5 and Figure F.3 summarize the laboratory specific differences between’mean anfd assigned
EEQ values.
Table F.5 — Summary of trueness evaluation for samples S2 and S5
S2 S5
EEQ assigned | EEQ Pe‘g reD;{f— EEQ assigned | EEQ | Diff reD;ff_
Lab [ng/1] =EEQP1| [ng/]] - [ng/1] =EEQP4| [ng/1] | real - as- .
+15 real | _AS- |assigned +22,5 real | signed assigned
signed (%) ’ (%)
3,2 2,8
L01 16,5 19,7 (19 %) 19,4 22,5 25,3 (12 %) 12,4
] 4,1 9,4
L02 16,3 20,4 (25 %) 25,2 22,5 31,9 42 %) 41,8
] 2,5 0,1
L0 17,1 19,6 (15 %) 14,6 22,5 22,6 (0,4 %) 0,4
-0,1 B -6,9 _
L04 16,2 16;1 (=0,6 %) 0,6 22,5 15,6 (=31 %) 30,7
1,7
L0 17,6 19 | Y01 gy 22,5 24,2 7,6
8 %) (8 %)
-1,3 -2,7
LO4 16,2 14,9 -8,0 22,5 19,8 "o -12,0
(-8 %) (-12 %)
. -6,4 -8,5
LO 16,9 10,5 (-38 %) 22,5 14 (-38 %)
2,7 8,2
LOg 16,4 19,1 (16,5 %) 16,5 22,5 30,7 (36 %) 36,4
3,4 3
L0¢ 16,9 20,3 o 20,1 22,5 25,5 13,3
(20 %) (13 %)
4,1 3,9
L10 17,4 21,5 (24 %) 23,6 23,15 27 17 %) 16,8
54
L11 — — — 22,5 279 (24 %) 24,0
-0,3 _ o
L12 16,8 16,5 (-1,8 %) 1,8 22,5 24 |11,5(7 %) 6,7
MU standard uncertainty associated with the method and laboratory bias.
NOTE 1 Assigned and real analysed EEQ-values as well as laboratory-specific differences between assigned and real
analysed EEQ-values (In brackets: percentage differences from the assigned value).
NOTE 2 L07 used the cell line T47D, all other laboratories the cell line U20S; results of laboratory LO7were not considered
for the calculation of mean, 95 % confidence interval CI and 95 % prediction-interval PI. The relative equivalent potency of
EE2 here used is 1,5.

© ISO 2018 - All rights reserved 31


https://standardsiso.com/api/?name=9ee1b23eb58123de2724e7fd3e28e4e9

ISO 19040-3:2018(E)

Table F.5 (continued)

S2 S5
EEQ assigned | EEQ l',l‘g reD;{f_ EEQassigned | EEQ | Diff r':;{f_
Lab [ng/1]1 =EEQP1| [ng/]] . d [ng/1] =EEQP4| [ng/1] | real - as- ioned
+15 real | _A2s |assigne +22,5 real | signed |2°%180€
signed (%) ’ (%)

Mean MU 16,1 % 22,2%
Mean MU across o
samples S2 and S5 19.2%
Relative bifs from 117 % 10,5 %
mean recoyery
95 % ci +3,3% -+20,0 % -3,2%-+24,4%
Relative bias from
mean recoyery +11,1 %
across samples S2
and S5
95 % CI +3,6 % - +18,6 %
MU standarfd uncertainty associated with the method and laboratory bias.
NOTE 1 Aspigned and real analysed EEQ-values as well as laboratory-specific diffefehces between assigned and feal
analysed EEQ-values (In brackets: percentage differences from the assigned value),
NOTE 2 L07 used the cell line T47D, all other laboratories the cell line U20S; results’of laboratory LO7were not considgred
for the calcullation of mean, 95 % confidence interval Cl and 95 % prediction-initerval PI. The relative equivalent potendy of
EE2 here us¢d is 1,5.
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Figure F.3 — Summary of the accuracy of samples S2 and S5 (expressed in absolute differences
to the assigned value)
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