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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the,subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 11350 was prepared by Technical Committee ISO/TC 147, Water quality,_Subcommittee 3C 5,
Biological methods.
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INTERNATIONAL STANDARD ISO 11350:2012(E)

Water quality — Determination of the genotoxicity of water and
waste water — Salmonella/microsome fluctuation test (Ames
fluctuation test)

WARNING — Persons using this International Standard should be familiar with normal laboratory
practice. This standard does not purport to address all of the safety problems, if any, associated with
its use. It is the responsibility of the user to establish appropriate safety and health practices and to
ensure compliance with any national regulatory conditions.

IMPQRTANT — It is absolutely essential that tests conducted according to this International Standard
be carried out by suitably trained staff.

1

[ d Y

pcope

This |nternational Standard specifies a method for the determination of theZgenotoxic potential [of water and
wastg water using the bacterial strains Salmonella enterica subsp. enterica serotype Typhimurium TA 98 and
TA 100 in a fluctuation assay. This combination of strains is able to me€asure the genotoxicity of chemicals that
induge point mutations (base pair substitutions and frameshift mutations) in genes coding for enzymes that are
involyed in the biosynthesis of the amino acid, histidine.

NOTE 1 ISO 13829181 applies for the measurement of genotoxicity of samples containing DNA-crosslinking agents.
This method is applicable to:
— fresh water;
— Waste water;
— aqueous extracts and leachates;
Iluates of sediments (fresh water);
— pore water;
— aqueous solutions ofrsingle substances or of chemical mixtures;
— drinking water.

NOTE 2  Whentesting drinking water, extraction and pre-concentration of water samples can prove necgssary.

2 Normative references

The folfowing documents, in whole or In part, are normatively referenced in this document and are indispensable
for its application. For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

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

ISO 7027, Water quality — Determination of turbidity

© 1S0O 2012 — All rights reserved 1
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3 Terms

and definitions

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

3.1
cofactor sol

ution

aqueous solution of chemicals (e.g. NADP, glucose-6-phosphate, and inorganic salts) needed for the activity
of the enzymes in the S9 fraction

[Source: ISO

21427-2:2006,119 definition 3.2]

3.2

culture medium

nutrients pre
[Source: ISO
3.3

dilution leve

D
denominator
water as inte

NOTE 1 to en
the arrow indi

value of D is 1]

[Source: ISO

3.4
lowest ineff|
LID
lowest dilutio
number of re

NOTE 1 to en
the overall asq

3.5

induction rg
difference bd
of the test s4
negative con

[Source: I1ISO
“correspondi

sented in a form and phase (liquid or solidified) which support microbiological growth

6107-6:2004,18] definition 24]

of the dilution coefficient (using the numerator 1) of a mixture of water or waste water with di
gral number

Cates the transition from initial total volume to final total volume.} The corresponding and smallest po
6107-6:2004,16] definition 28]

pctive dilution

n within a test batch which does not'show any effect, i.e. no statistically significant increase
vertant wells compared with the negative control

ry: LID is determined for each-incubation condition (strain, £S9 mix). The highest LID value is decis

essment.

te
tween the meanyvalue of wells with revertant growth counted on the plates treated with a

trol using.the same strain under identical conditions

6107:6:2004,[6] definition 43, modified: “wells with revertant growth” replaces “mutant colo
ng-wells” replaces “corresponding plates”]

ution

ry: For undiluted water or waste water, this coefficient per definition is 1—1. [In this International Stapdard,

ssible

n the

ve for

dose

mple or with{a-positive control, and the mean value of the corresponding wells treated with the

nies”;

3.6
inoculum

fraction of a culture of microorganisms used to start a new culture, or an exponentially growing preculture,

in fresh med
[Source: ISO
3.7

ium

6107-6:2004,6] definition 44]

negative control
dilution water without test sample

[Source: ISO

6107-6:2004,6] definition 51]

© 1SO 2012 — All rights reserved
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3.8
revertant growth
visible mutant colonies on the microplate at the end of the respective test

3.9

overnight culture

culture started late in the afternoon and incubated overnight (usually about 16 h) to be ready during the following
morning for purposes such as the inoculation of a preculture

[Source: ISO 6107-6:2004,[6] definition 54]

NOTE 1 to entry For specification, see 9.1.

3.10
positive control
any well characterized material and/or substance, which, when evaluated by a specific testmethod, demonstrates
the S]Aitability of the test system to yield a reproducible, appropriate positive or negative response in tHe test system

[Soulce: ISO 10993-12:—,[7] definition 3.12]

NOTH 1 to entry The positive controls mentioned in this International Standard are«diSsolved in dimethyl sulfoxide (DMSO)
prior fo use. For the purposes of this International Standard, the positive controlsiare known mutagens whi¢h are suitable
for the verification of the sensitivity of the method and/or the activity of the S9 mix.

31
S9 fraction
supefnatant at 9 000g of a tissue homogenate in 0,15 mol/KKCI, obtained from livers of male rats (200 g to
300 g) pretreated with a substance or substance combination appropriate for enzyme induction

[Souice: ISO 6107-6:2004,[6] definition 74]

312
S9 mix
mixtdre of S9 fraction and cofactor solution

[Souice: ISO 6107-6:2004,[6] definition 75]

313
stock culture
culture of a strain of organisms maintained under conditions to preserve original featufes such as
nuclgotide sequences

[Soufce: 1ISO 6107-6:2004,[6! definition 87]

314
test sample
undilpited; diluted or otherwise prepared portion of a sample to be tested, after completion of all preparation
stepq sueh as centrifugation, filtration, homogenization, pH adjustment and determination of ioni¢ strength

[Source: ISO 6107-6:2004,[6] definition 92]

4 Interferences

Bacteriotoxic effects of the test sample can lead to a reduction of viable bacteria and to a reduction of wells with
revertants due to a repression of revertant growth.

This method includes sterile filtration of water and waste water prior to the test. Due to this filtration, solid
particles are separated from the test sample. Thus, there is a possibility that genotoxic substances adsorbed
on particles are not detected.

© 1S0O 2012 — All rights reserved 3


https://standardsiso.com/api/?name=7d792ce4ac44b404e69e96aa609b1d53

ISO 11350:2012(E)

5 Principle

The bacteria are exposed under defined conditions to various concentrations of the test sample and incubated
for 100 min at 37 °C + 1 °C in 24 well plates. Due to this exposure, genotoxic agents enclosed in the test sample
can induce mutations in one or both marker genes of the bacterial strains used (hisG46 for TA 100 and hisD3052
for TA 98) in correlation with the applied concentrations. Induction of mutations causes a concentration-related
increase in the number of mutant colonies.

After exposure of the bacteria, reversion indicator medium (7.40), containing the pH indicator dye bromocresol
purple (7.7), is added to the wells. Subsequently, the batches are distributed to 384 well plates (48 wells for

each paralle

Mutagenic aq
48 wells of ed

and incubated for 43 h to 72 h (9.3.2, 9.3.93).

5 1—1 and the respective LID value is 1.

itus and materials

Temperature- and time-controlled incubator, 37 °C + 1.°C.

ter.

ical balance.

sterilizer.

erilizer.

Magnetic stirrer.

Y mixer.

Freezér, capable’of being maintained at <-18 °C and at < -70 °C.

Pipettes 0,1 ml, 0,5 ml, 1 ml, 2 ml, 5 ml, 10 ml and 25 ml, of glass or plastics.

tivity of the test sample is determined by counting the number of purple to yellow shifted well$ (per
ch parallel), treated with the undiluted or the diluted test sample, compared to the negative cgntrol.

Hilution (1—-N) of the test sample which induces no mutagenic effect under_all experimental
any mutagenic effect is induced by the test sample) is the criterion for evaluating the mutagenic
mple dilutions above this (14, 4 < N) shall induce a mutagenic effect according to the critgria of
bnal Standard in at least one strain under at least one activation conditiofy (with or without adfition
he respective LID value is N. If no mutagenic effect is observed undefr.all experimental condifions,

Storage bottles, 250 ml and 1 000 ml.

Measuring cylinders, 100 ml and 200 ml.

Volumetric flasks, 20 ml, 200 ml and 500 ml.

Sterile filters, 0,2 um and 0,45 pm.

Erlenmeyer flasks, 50 ml, 100 ml and 250 ml.

Inoculating loops.

The lowest
conditions (i
potential. Sa
this Internati
of S9 mix). T
this dilution i
6 Appara
6.1

6.2 pH mgd
6.3 Analy
6.4 Steam
6.5 Dry st
6.6

6.7 Rotary
6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

4
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6.16

6.17

6.18

6.19

6.20

ISO 11350:2012(E)

Eight-channel multistepper pipette (repeater pipette).
Eight-channel pipettes, 5 pl to 50 pl and 50 pl to 300 pl.
Spectrophotometer.

Transparent sterile polystyrene 24 well and 384 well plates with flat bottom and lid.

Microplate photometer for 24 well plates and optionally for 384 well plates, filters: 420 nm + 15 nm
and 595 nm + 10 nm.

6.21

6.22

6.23

71
differ

Whe
seal

7.2

If ste
used

7.3
muta
two ¢

TA 98 contains as a market_the frameshift mutation (+2 type) hisD3052, whereas TA 100 bears

subs

In ad

Clean bench.

Petri dishes with venting ribs, diameter approximately 94 mm, height approximately 16 npm.

Cryogenic vials, sterile, 1 ml, 10 ml.

Reagents, media and dilutions

General. As far as possible, use “reagent grade” chemicals. Ifhydrates of anhydrous compoung
bnt from those specified are used, ensure that the appropriate.mass of the main compound is g

h necessary, autoclave for 20 min at 121 °C £+ 2 °C. Cover vessels loosely (e.g. with aluminiu
hir-tight.

Water, grade 1, as defined in ISO 3696, or water with a conductivity of <5 uS/cm.

rile water is needed, sterilize by sterile\filtration (0,2 um) or autoclaving. Water as specified
for the stepwise dilution of the test. sample.

Tester strains. Use mutant strains of Salmonella Typhimurium LT2, which enable dete
ions, to determine the mutagehic potential of a test sample. Since point mutations can be sy
asses (frameshift mutations and base pair substitutions), the two tester strains TA 98 and TA

itution hisG46.

dition, both strains shall have the following genetic properties:

ey contain the plasmid pKM101, coding for ampicillin resistance;

s or hydrates
mployed.

m foil). Never

here is also

ttion of point
bdivided into
00 are used.
he base pair

eycare all deep rough, e.g. partly deficient in lipopolysaccharide side chains, enabling also larger

Olecules to penetrate the bacterial cell wall and to cause mutations;

— due to a mutation in uvrB, the capability of the tester strains to repair DNA-damage is limited and the
likelihood that DNA-damage results in mutations is increased.

NOTE The use of additional tester strains is described in Annex K.

7.4

7.5

7.6

7.7

© 18O

2-Aminoanthracene (2-AA), C14H11N, CAS No: 613-13-8.
Ampicillin sodium salt, C1gH18N3NaO4S, CAS No: 69-52-3.
D-Biotin, C1gH16N203S, CAS No: 58-85-5.

Bromocresol purple, sodium salt, CAS No: 62625-30-3.

2012 — All rights reserved
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7.8

7.9

710

7.1

7.12

7.13

714

7.15

7.16

717

7.18

7.19

7.20

7.21

7.22

CAS No: 69§

7.23

7.24

7.25

7.26

7.27

7.28

Citric

Dimet

acid monohydrate, CgHgO7eH>0, CAS No: 5949-29-1.

hylsulfoxide, DMSO, C2oHgSO, CAS No: 67-68-5.

D-Glucose, anhydrous, CegH1206, CAS No: 50-99-7.

D-Glucose-6-phosphate disodium salt hydrate, G-6-P-Nay, CsH11NazxOgPe2H20O CAS No: 3671-99-6.

Hydrochloric acid solution, HCI, ¢(HCI) = 1 mol/l.

Magn&sium chloride hexahydrate, MgCloe6H20, CAS No: 7791-18-6.

Magng¢sium sulfate heptahydrate, MgSO4e7H20, CAS No: 10034-99-8.

Potas

Dipotassium hydrogenphosphate, KzHPO4, CAS No: 7758-11-4.

Sodiu
Sodiu
Sodiu
Disod
Sodiu

B-Nicg

Nitrofi

4-Nitrop-o-phenylenediamine (4-NOPD), CAS No: 99-56-9.

Nutrieint broth powder.")

S9 fra

sium chloride, KCI, CAS No: 7447-40-7.

 chloride, NaCl, CAS No: 7647-14-5.

m dihydrogenphosphate, anhydrous, NaH2PO4, CAS/No: 7558-80-7.
um hydrogenphosphate, anhydrous, NaoHPQ4, CAS No: 7558-79-4.
m hydroxide solution, ¢(NaOH) = 1 mgl/I:

tinamide adenine dinucleotide phosphate sodium salt, NADP-H>O, C21H27N7NaO17P3
999-85-8.

irantoin (NF), CAS No: 67-20-9.

ction‘fiver homogenate; induced by phenobarbital/g-naphthoflavone).!)

m ammonium hydrogenphosphate tetrahydrate, NaNH4sHPO4¢4H20O, CAS No: 7583-13-3.

L-Hist

M H O Ll AL OAQ N Z4 _ON 4
UITic, Upl'1I9IN3U2, UAO INU. 7 T=UU=T.

Phosphate buffer.

7.28.1 Sodium dihydrogenphosphate buffer, ¢((NaH2PO4) = 0,2 mol/l.

Dissolve 14,39 g NaH2PO4 (or 16,55 g NaH2PO4eH20) in 600 ml of water (7.2).

1)

6

H20,

This reagent is commercially available. This information is given for the convenience of users of this International
Standard and does not constitute an endorsement by ISO of these products.

© 1SO 2012 — All rights reserved
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7.28.2 Disodium hydrogenphosphate buffer, ¢(NaoHPO4) = 0,2 mol/l. Dissolve 28,39 g NagHPO4 in 1 000 mli
of water (7.2).

Add sodium dihydrogenphosphate buffer (7.28.1) to disodium hydrogenphosphate buffer (7.28.2) until a pH value
of 7,4 is reached and autoclave. Store at room temperature in the dark. The solution is stable for at least 1 year.

7.29 D-Biotin solution. Dissolve 12,2 mg D-biotin (7.6) in 100 ml of water (7.2) by boiling up. After cooling,
sterilize by filtration (0,2 pym filter). Store 10 ml aliquots at —18 °C or below in sterile cryogenic vials (6.23).
Aqueous solutions stored as frozen aliquots are stable for at least 1 year.

7.30 ize by filtration
(0,2 ym filter). Store 1,5 ml aliquots at —18 °C or below in sterile cryogenic vials (6.23). Aqueous splutions stored
as frgzen aliquots are stable for at least 1 year.

7.31 | Glucose-6-phosphate solution. Dissolve 0,68 g of D-glucose-6-phosphate (7.1 in 10 ml pf water (7.2)
and gterilize by filtration (0,2 pm). Store aliquots (e.g. 200 pl) at —18 °C or below in stefile cryogeni¢ vials (6.23).
Aquejous solutions stored as frozen aliquots are stable for at least 1 year.

7.32 | NADP solution, ¢(NADP) = 0,04 mol/l. Dissolve the appropriate mass.of NADP in 10 ml of water (7.2) to
obtaip a final concentration of 0,04 mol/l and sterilize by filtration (0,2 ym). Store aliquots (e.g. 700|ul) at -18 °C
or below in sterile cryogenic vials (6.23). Aqueous solutions stored as frozen aliquots are stable for af least 1 year.

Varigus hydrates of NADP are available. The actual molecularweight is specified in the produdt data sheet.
Calcylate the amount of NADP required according to the molecular weight given.

7.33 | Potassium chloride solution. Dissolve 74,56 g 6£KCI (7.15) in 1 000 ml of water (7.2) and autoclave.
Storg at room temperature. The solution is stable for.at'least 1 year.

7.34 | MgCl2¢6H20 solution. Dissolve 50,83 g.'of MgCloe6H20 (7.13) in 1 000 ml of water (7.2) gnd autoclave
the soplution. Store at room temperature. The'solution is stable for at least 1 year.

7.35 | Bromocresol purple solution. Dissolve 51 mg of bromocresol purple sodium salt (7.7) in 30 ml of
water (7.2). Prepare this solution freshly before addition to the reversion indicator medium (7.40).

7.36 | Ampicillin solution./Bjssolve 500 mg of ampicillin (7.5) in 10 ml of water (7.2) and sterilize by filtration
(0,2 ym filter). Store 500_gl-atiquots at —18 °C or below in sterile cryogenic vials (6.23). The solutiop is stable for
at legst 6 months.

7.37 | Growth miedium. Dissolve 4,7 g of nutrient broth powder2) and 0,31 g of sodium chloride (7]18) in 200 ml
of water (7.2).;Adjust the pH to 7,5 + 0,1. Add water (7.2) to 250 ml and autoclave the solution.

The following final concentrations in the growth medium shall result:

— 75 gftmeatextract;
— 7,5 g/l peptone;
— 5,0 g/l sodium chloride.

Solutions stored under sterile conditions as frozen aliquots are stable for at least 1 year.

2) Use nutrient broth powder containing 40 % meat extract, 40 % peptone, and 20 % sodium chloride.

© 1S0O 2012 — All rights reserved 7
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7.38 Exposure medium. Prepare a medium for incubation of bacteria with the sample containing a low amount
of L-histidine to support a few cell divisions.

Dissolve consecutively the following ingredients in 900 ml water:

0,2 g magnesium sulfate heptahydrate (7.14);

2,0 g citric acid (7.8);

10,0 g dipotassium hydrogenphosphate (7.16);

3,5 g sodium ammonium hydrogenphosphate tetrahydrate (7.17);

4,0 g D-

Add water (7
Store the me

Add, per 100
Prepare only

7.39 Expogure medium concentrate. Dissolve consecutively the following ingredients in 70 ml water:

0,2 g ma
2,0gcit
10,0gd
3,5gso
4,0gD-

Add water (7
concentrate

Add 6 ml of O-biotin solution (7.29) and 1 mj, of L-histidine solution (7.30) under sterile conditions. Preparg
the amount 9f medium necessary for the-next 2 weeks. Store the medium concentrate at 2 °C to 8 °C.

7.40 Reverpkion indicator mediumy Prepare a pH indicator medium without L-histidine.

7.40.1 Solu

0,4 g magnesium sulfate heptahydrate (7.14);

4,0 g cit
20,0gd

hlucose (7.10).

.2) to 1 000 ml, adjust the pH to 7,0 + 0,2, if necessary, and sterilize by filtration (0,2 um
dium at 2 °C to 8 °C.

ml, 0,6 ml of D-biotin solution (7.29) and 0,1 ml of L-histidine solution (7.30) under sterile condi
the amount of medium necessary for the next 2 weeks. Store the medium\at 2 °C to 8 °C.

gnesium sulfate heptahydrate (7.14);

ic acid (7.8);

potassium hydrogenphosphate (7.16);

dium ammonium hydrogenphosphate tetrahydrate\(7.17);
hlucose (7.10).

2) to 93 ml, adjust the pH, if necessary,land sterilize by filtration (0,2 ym filter). Store the me
bt 2 °C to 8 °C.

tion I. Dissolvethe-following ingredients in 950 ml water in the given order:

ic acid\(7-8);

potassium hydrogenphosphate (7.16);

7,0 g sodium ammonium hydrogenphosphate tetrahydrate (7.17).

ilter).

ions.

dium

only

Add water (7.2) to 1 000 ml and add 30,0 ml of bromocresol purple solution (7.35). Adjust the pH to 7,3 + 0,1.
Transfer the solution one half each into two 1 000 ml flasks and autoclave.

7.40.2 Solution Il. Dissolve 8,0 g of b-glucose (7.10) in 800 ml of water (7.2). Adjust the pH to 7,3 £ 0,1.
Transfer both halves of the solution into two 1 000 ml flasks and autoclave.

7.40.3 Mixing and storage. After cooling to ambient temperature, mix 515 ml of solution | (7.40.1) with 400 ml of
solution 1l (7.40.2) under sterile conditions. Add 20 ml of D-biotin solution (7.29) under sterile conditions to each flask.

Store the medium at room temperature in the dark. The medium is stable for at least 1 month.

© 1SO 2012 — All rights reserved
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7.41 Control solutions.

7.41.1 Negative controls. For preparation of the negative controls, always use the same solvent as for the samples
to be tested. This is usually water (7.2) when testing water samples and DMSO (7.9) when testing chemicals.

7.41.2 Positive controls. In general, dissolve 10 mg of each positive control substance in 10 ml of
DMSO (7.9). Prepare 50 pl aliquots as stock solutions in sterile cryogenic vials and store them at —18 °C or below.
Under these conditions stock solutions are stable for at least 1 year. On the day of the test, unfreeze one aliquot.

7.41.3 Strain TA 98 without S9 mix. Use 4-nitro-o-phenylenediamine (4-NOPD) (7.24) as positive control
subslance for straim TA 98 Without SImiX.

Dilut¢ the stock solution 1—2 with DMSO (7.9). This dilution is used in the test.

7.41.4 Strain TA 100 without S9 mix. Use nitrofurantoin (NF) (7.23) as a positive canirol substapce for strain

TA 100 without S9 mix.

Dilutg the stock solution 1—80 with DMSO. This dilution is used in the test.

7.41.
strain

q

J

5 Strain TA 98 with S9 mix. Use 2-aminoanthracene (2-AA) (7.4) as a positive control gubstance for

TA 98 with S9 mix.

Dissalve the stock solution 1—-200 with DMSO. This dilution is-used in the test.

7.41.
strain

b Strain TA 100 with S9 mix. Use 2-aminoanthracene (2-AA) (7.4) as positive control Jubstance for

TA 100 with S9 mix.

J

Dissglve the stock solution 1—-50 with DMSO. This dilution is used in the test.

8

Test
<48 H
porti

$ampling and samples
he samples immediately after sampling. If this is not possible, keep water samples at 0 °(
) or below —18 °C (for up to 2 manths). For multiple testing divide larger samples in advance int
ns, since thawed samples'can only be used on the same day.

L to 5 °C (for
b appropriate

Samples containing solids{ should be centrifuged to separate them. In this case, only the sypernatant is

procq
Steril

Adjug
conc

ssed further.
ze all samples,using sterile filters (0,45 um). Homogenize test samples by thoroughly shakin

t the sample to a pH of 7,2 + 0,2 using either HCI (7.12) or NaOH solution (7.21). Select the
bntrations such that the added volumes are as small as possible. Avoid overtitration. Take int

g before use.

acid or alkali
b account the

change jn thé sample’s pH and resulting effects (see 1ISO 5667-160°)).

Perfa

ac-ob fiad i
© do opyUTLUIncCuUu I

9 Procedure

9.1 Overnight culture

Under sterile conditions, pipette 20 ml of growth medium (7.37) supplemented with 20 ul of ampicillin
solution (7.36) into a 100 ml Erlenmeyer flask (6.14) hermetically sealed with caps or aluminium foil and mix by
gentle agitation.

Add 20 pl of the respective test strain (TA 98 or TA 100) immediately after thawing. Incubate the culture at
37 °C £ 1 °C for 10 h. If the required cell density (9.3.1, G.1.1) is not reached, extend incubation time to 12 h.
If the required cell density is still not reached after 12 h, inoculate a fresh overnight culture. A clock timer may
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be used. Use a shaking frequency of about 150 r/min. From the inoculation of test bacteria to the beginning of

incubation at

9.2 Prepa

37 °C, ensure that the temperature of the incubation bath is 19 °C + 4 °C.

ration of S9 mix

Treatment for enzyme induction and preparation of the S9 fraction are described in Annex D. If the S9 fraction

is purchased

commercially, it shall also be prepared in accordance with Annex D.

Prepare the S9 mix freshly on the day of testing. Mix:

66 ul KCI solution (7.33);

64 pl Mg
50 pl D-
200 pI N
1000 pl

600 ul §

This mixture
S9 mix propq

Keep the S9
mix at the en

9.3 Testin

9.3.1

In the test cy
specific adap
wells as defi

In the test ¢
cell density i
required dilu
order to adju

For the dete
with 900 pl g
dilution of th
dilution using

Cloe6H20 solution (7.34);
jlucose-6-phosphate solution (7.31);
ADP solution (7.32);

phosphate buffer (7.28);

20 pl water (sterile);

9 fraction (Annex D).

is sufficient for two exposure plates. If more than two plateséare’required, increase the amo
rtionally.

mix permanently on ice for not more than 1 h and useg’jt on the same day. Discard remaini
d of this day.

g of water samples

Preparation of tester strains

tation of tester strain density may be necessary to achieve the number of negative control rev
ned in Clause 10.

ilture, the tester straininoculum is diluted 10-fold (Table 2 and Table 3). Therefore, adjug

ion factor and thé-volume of 1x exposure medium that must be added to the overnight cult
5t the cell density/according to Formulae (1), (2), and (3).

mination¢of the actual cell density of the overnight culture, dilute 100 pl of the overnight c
rowth meédium (7.37), otherwise the FAU is out of range. Measure cell densities (X595 nm) @
b tester strains TA 98 and TA 100 immediately before exposure and calculate FAU values g

ltures a cell density of 180 FAU3) for TA 98 and 45 FAU for TA 100 is recommended. LaborI

int of

g S9

tory-
rtant

5t the

h the overnight cultére inoculum to 1 800 FAU for TA 98 and 450 FAU for TA 100. Calculafe the

ire in

ilture
f this
f this

a-bAU calibration curve in accordance with ISO 7027. Set up the calibration curve using X5

b5 nm-

Calculate th

difttion factor according to Formulae (1) and (2):

In the case of strain TA 98:

™

_ X595 nm[FAU]
180
where
3) Formazine attenuation units (see 1ISO 7027).
10 © 1S0 2012 — All rights reserved
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Xs95 nm[FAU] is the FAU value of the 10-fold diluted overnight culture of strain TA 98 that is determined

as described above.
In the case of strain TA 100:

= X595 nm[FAU]
45

where

q is the dilution factor;

N

as described above.

505 nm[FAU] is the FAU value of the 10-fold diluted overnight culture of strain TA 100'that i

5 determined

Use the calculated dilution factor to determine the required volume of 1x exposure medium that shall be added
to the overnight culture in order to adjust the cell density according to Formula (3).

Vadd = (chltured) —Veutture
wherg
) is the dilution factor according to Formula (1)or (2);
Vadd is the volume of 1x exposure medium to-he added to the overnight culture, in 1
Yeulture is the volume of the undiluted overnight culture, in millilitres (ml).

Tablg 1 shows a typical example for the adjustment of the cell density for a test with the strain TA

Table 1 — Dilution of the overnight culture (TA 98) as an example

©)

nillilitres (ml);

98.

Volume of the

Dilution factor Volume of the . Volure of the

FAY of the 10-fold [according'to overnight culture | SXPosure medium adjustedl overnight
dilited overnight : to be added to the

Formula (1)] (undiluted) L culture for exposure
culture overnight culture

(1 890 FAU)
d Veulture Vadd
240 1,33 20 ml 6,6 ml 24,6 ml

9.3.2[ Test culture without S9 mix

Prepare test-cuiltures according to Table 2 using sterile 24-well plates (plate A) (6.19). For ¢ach culture,

incubate at\least three replicates. Perform under sterile conditions. An example for the configurat

is givervin*Annex E.

on of plate A

© 1SO 2012 — All rights reserved
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Table 2 — Preparation of test culture plate A without S9 mix

b As positiv

b control substances, use 4-NOPD for strain TA 98 and NF for strain TA 100.

Negative Dilution Dilution Dilution co:t(:zllt:;:tch
Component control batch level 12 level 2 level 4 (see 7.41.2)
pl i i ul i
Exposure medium concentrate (7.39) 100 100 100 100 100
Dilution water (7.2) 800 0 300 550 780
Sampleb 0 800 500 250 20
Adjgsted overn|gt1tAcnultL11:ehoAf\tester 100 100 100 100 100
strain TA 98 prTA466 Jo.T)
Total volume 1000 1000 1000 1000 17000
a2  Dilution Igvel 1: sample concentration 80 %; dilution level 2: sample concentration 50 %; dilution level 3: sample’ ¢oncenttation
25 %. If more than three dilution levels are required, extend the dilution series by means of a graduated dilution (e.g-® =8, 16, $2)

If calculation
of plate A us
measuremer|

Incubate plat
Pour 2,5 ml ¢

Immediately
pipette (6.16

Subsequentl
aliquots usin

Incubate the
conditions (e
incubation tir

If calculation
100 min of in
the cultures {

9.3.3 Test (

Prepare test
incubate at I¢

is given in Amnex E:

of cytotoxicity is performed (9.5), measure initial X595 nm (# = 0 min) and firal X595 nm (¢ = 100

t of growth since cell density of TA 100 remains low.
e A in the dark at 37 °C = 1 °C for 100 min while shaking (150 r/min).

f reversion indicator medium (7.40) into each well of another<24 well plate (plate B) (6.19).

. Mix thoroughly.

y, transfer the content of one well of plate B to 48*wells of a 384 well plate (plate C) (6.19) in
hj a multistepper pipette (6.16). An example of\this procedure is given in Annex E.

384 well plate in the dark at 37 °C + 1.C for 48 h without shaking. Avoid evaporation-prom
g. ventilation). For a low number of wélls with revertant growth in the positive controls, exten
ne in 384 well plates to 72 h.

of cytotoxicity is not performéd, fill plate A with half the volume of each ingredient (Table 2).
cubation, directly add the reversion indicator medium (7.40) to plate A and mix thoroughly. Trg
o the 384-well plate apd inCubate as specified in the previous paragraph.

culture with S9 mix

cultures according to Table 3 using sterile 24 well microplates (plate A) (6.19). For each cu
bast threeteplicates. Perform under sterile conditions. An example for the configuration of pl

min)

ing a microplate photometer (6.20). It is recommended that only tester strain TA 98 be useéd for

thereafter, transfer 500 pl of test culture from plate A into plate B by using a multist¢pper

50 ul

oting
d the

After
nsfer

lture,
ate A

12
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Table 3 — Preparation of test culture plate A with S9 mix

Negative Dilution Dilution Dilution Positive
a control batch
Component control batch level 1 level 2 level 4 (7.41.2)
pl i ul l i
Exposure medium concentrate (7.39) 100 100 100 100 100
Dilution water (7.2) 800 0 300 550 780
Sampleb 0 800 500 250 20
Adjusted overnight culture of tester 100 100 100 100 100
strair FA98or FA196<(9-31)
S9 nfix (9.2) 34 34 34 34 34
Total| volume 1034 1034 1034 1034 1034
a Dilution level 1: sample concentration 80 %; dilution level 2: sample concentration 50 %; dilution level.3: samplg concentration
25 %} If more than three dilution levels are required extend the dilution series by means of a graduatedidjldtion (e.g. D|= 8, 16, 32)
b \s positive control substances, use 2-AA for strain TA 98 and TA 100.
If calgulation of cytotoxicity is performed (9.5), measure initial X595 nm (¢ = 0_Min) and final X595 nm| (¢ = 100 min)
of plate A using a microplate photometer (6.20). It is recommended that*only tester strain TA 98 be used for
meagurement of growth since cell density of TA 100 remains low.
Incubate the plates in the dark at 37 °C £ 1 °C for 100 min while shaKing (approximately 150 r/min).
Pour(2,5 ml reversion indicator medium (7.40) into each well @f.another 24 well plate (plate B) (6.19).

Imm¢
(6.16

Then
using

Incul
cond
incul

If cal
After
Trans

9.4

Scorg
Plate

diately thereafter, transfer 500 pl of test culture from plate A into plate B by using a multist
. Mix thoroughly.

transfer the content of one well of plate B t0-48 wells of a 384 well plate (plate C) (6.19) in
a multistepper pipette (6.16). An example ef this procedure is given in Annex E.

ate the 384 well plate in the dark at37°C + 1 °C for 48 h without shaking. Avoid evaporati
tions (e.g. ventilation). For a low number of wells with revertant growth in the positive control
ation time in 384 well plates to\72'h.

100 min of incubation;\directly add reversion indicator medium (7.40) to plate A and mi
fer to the 384 well pglate’and incubate as specified in the previous paragraph.

Measurement of revertant growth

e each 384 well plate for the number of positive (yellow) and negative (purple) wells in each
scoring.may be performed manually or by using a 384 well plate photometer (420 nm + 10

9.5

Siculation of -

bpper pipette

b0 pl aliquots

bn-promoting
S, extend the

Culation of cytotoxicity isotperformed, fill plate A with half of the volume of each ingredi¢nt (Table 3).

K thoroughly.

48 well area.
hm).

For calculation of cytotoxicity, use X595 nm values as measured in 9.3.2 and 9.3.3. Calculate mean values
X595 nm £ s, where s is the standard deviation (SD), for sample wells and negative control wells. Calculate
cytotoxicity, C, expressed as a percentage, %, according to Formula (4).

C= 100—100(MJ
XNe100 — XNeco
where
Xso is the X595 nm value of the sample at 1 = 0 min;
Xs100 is the X595 nm value of the sample at = 100 min;
© 1SO 2012 — All rights reserved
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XNCo

XNC100

is the X595 nm value of the negative control batch at = 0 min;

is the X595 nm value of the negative control batch at = 100 min.

10 Validity criteria

The test is valid if

a)

b) the mesg
conditio

If one or both

11 Assess$sment criteria

The test sarf
concentratio
increase at g

the mean value for negative controls is >0 and <10 wells with revertant growth per 48 well area at all testing
conditions (£S9 mix, tester strains TA 98 and TA 100);

n value for positive controls is >25 wells with revertant growth per 48 well area at alldg
s (£S9 mix, tester strains TA 98 and TA 100).

of these criteria are not met, a part of the test (e.g. only one testing condition) or the entire test is irf

hple is regarded as mutagenic in accordance with this International”Standard if a signi
n-related increase of revertant wells over the concentration range-tested and/or a reprody
ne or more concentrations in the number of revertant wells per 48 well area in at least one

sting

valid.

ficant

cible
strain

data,

ent of
other

ilture
hined

with or withopt S9 mix occurs.

An example pf statistical assessment is given in Annex |.

12 Test report

This test repprt shall contain at least the following information:

a) the test method used, together with a reference to'this International Standard (ISO 11350:2012);

b) identity of the test sample (origin and datef;sampling, pH value, conductivity);

c) negative and positive control substances (chemical name, source, batch number or comparable
if available);

d) storage pf sample and preparation of test sample (storage conditions (if not tested directly), adjustm
pH valug, centrifugation (including g and time), filtration (including filter material and pore size) and
manipulations);

e) test strdins [strain, ;saurce, date of arrival in the laboratory, storage conditions, date of stock ¢
preparafion, and date of genotype checking (if this date deviates from stock culture preparation)], obt
Xs95 nm pf the overnight culture, adjusted X595 nm of the inoculum);

f) metabolizing* system (preparation and origin of S9 fraction, protein content, date of preparalation,
storage 'eonrditionsy:

g) testing environment (address of testing laboratory, date of test, method of counting);

h) incubation time and test results [individual numbers of wells with revertant growth per treatment (Annex F),
induction rate (Annex F), indication of cytotoxicity (if any), statistical evaluation, LID values, other
observations (e.g. precipitation, bacterial growth without colour shift].

14 © 1S0 2012 — All rights reserved
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Annex A
(normative)

Nutrient broth and agar

A.1 Nutrient broth

Nutrient broth is commercially available. For reasons of better standardization, the use of commerlcial products
is reqommended. Make sure that the commercial product contains sodium chloride.

A.2| Agar

Agar|is commercially available in different qualities. The use of Difco4) agaror a product of ¢qual quality
is regommended.

A.3 | Nutrient agar

Nutrignt agar is commercially available in different qualities. The ‘use of Difco) nutrient agar or|a product of
equa| quality is recommended.

4) Difco agar is the trade name of a product supplied by Becton Dickinson. This information is given for the convenience
of users of this International Standard and does not constitute an endorsement by ISO of this product. Equivalent products
may be used if they can be shown to lead to the same results.

© 1S0O 2012 — All rights reserved 15
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B.1

Annex B
(normative)

Preparation of ampicillin agar plates and stock cultures

Preparation of ampicillin agar plates

Perform the

Dissolve 1,5
and autoclav
dishes (6.22
close lid imm
time to remo

B.2 Preparation of stock cultures

Prepare stoc

Immediately
plates (B.1) t

Take sample

Incubate the

Spread samj
Incubate the

Transfer new
nutrient brotH

Take a small
Stock cultursg

Mix the remg
per 20 ml of
aliquots (0,5

Whenever new stock cultures need to be prepared, repeat the steps as described in the preceding by ug

breparation of ampicillin agar plates under sterile conditions.

e. Cool in a controlled way to 38 °C + 2 °C and add 100 pl of ampicillin solution (£36). Fill

Ve excess water and avoid condensation during the test.

k cultures under sterile conditions.

upon receipt, spread aliquots of the respective bacterial.strain on to the surface of ampicillin
D get single colonies. Incubate the plates for 24 h at 37>’C + 1 °C.

s from individual colonies with a sterile inoculatien loop and transfer them to 20 ml of ampi
containing niitrient broth (Annex A).

g Bacto®) agar, 1,88 g nutrient broth powder (7.37), and 0,124 g NaCl (7.18) in 100 mlwatd

with 25 ml of nutrient ampicillin agar. Remove lid immediately before pouring’into the plats
ediately thereafter. After solidification of agar, incubate plates at 37 °C + 2 RCfor an appro

bacterial suspension overnight at 37 °C £4°C.

les of these cultures on to the surfacelef ampicillin nutrient agar plates (B.1) to get single colg
plates for 24 h at 37 °C £ 1 °C.

samples of individual colonies from these plates to flasks containing approximately 20
(Annex A). Incubate these flasks overnight at 37 °C + 1 °C.

sample of the bacterial.suspension to check the genotype (Annex C).
s shall fulfil therequirements of Annex C. Otherwise they shall be discarded.

ining parts ofthe cultures with DMSO (1,8 ml per 20 ml of culture volume) or sterile glycerol
culture volume) to protect against freezing effects, and freeze immediately below —70 °C in
ml to_ml).

r, stir
Petri
b and
Driate

agar

cillin-

nies.

ml of

4 ml
small

ing a

frozen stock curture from a former preparation.

5)

Bacto agar is the trade name of a product supplied by Becton Dickinson. This information is given for the convenience

of users of this International Standard and does not constitute an endorsement by ISO of this product. Equivalent products
may be used if they can be shown to lead to the same results.

16
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Annex C
(normative)

Checking of genotype

Ampicillin resistance (pKM101)

Spre
also

plate
shou

C.2

Spre
per s
solut
Meas
inhib

C3

Spre
per s
ofa
demd
irradi

c4

A sp
autorn

hd parallel lines of bacterial suspension of the respective strain on two ampicillin plates (B.]l
be done in parallel with a strain which does not contain the plasmid pKM101 (e.g. TA 1535).
5 overnight at 37 °C + 2 °C. No growth should be observed for TA 1535, whereas full- growth
d be observed for acceptable stock batches of TA 98 and TA 100 (Annex B).

Crystal-violet sensitivity (deep rough)

nd 0,1 ml of individual stock cultures on to nutrient agar plates (B.1; without ampicillin). Ug
frain. After a few minutes, place filter papers (diameter 9 mm), spiked with 10 ul of aqueous
on (concentration of 1 mg/ml), in the middle of the plates. Incubate the plates overnight at

ure the diameters of the inhibition zones formed. For an acceptable stock batch, the mear
tion zone should be at least 14 mm.

UV sensitivity (uvrB)

hd 0,1 ml of individual stock cultures on to nutfient agar plates (B.1, without ampicillin). Ug
rain. Cover half of each plate with an aluminium foil and irradiate without a lid for 8 s with U

vavelength of 254 nm at a distance of 33 cm. Incubate the irradiated plates overnight at 37

nstrate adequate sensitivity in this test, acceptable stock batches should show growth inh
ated half of the plate.

Histidine requirement

ecial test for histidine_requirement is not necessary since histidine dependence of th
natically checked by the negative controls in each individual test.

. This should
Incubate the
of the stripes

e four plates
crystal-violet
B7 °C + 2 °C.
value of the

e four plates

light (30 W)
C+2°C.To
bition on the

e cultures is

© 18O

2012 — All rights reserved
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D.A1

Annex D
(normative)

S9 fraction®

Induction of liver enzymes

For enzyme jnduction, at least six male rats (e.g. Sprague-Dawley rats), of body mass about 200 g t6}3

receive 80

on three consecutive days simultaneously in appropriate vehicles. The livers are prepared 24 h.after th
treatment. In[case of polychlorinated biphenyl induction, the rats receive a single intraperitongalinjectio

polychlorina
liver prepara

Animals sho
for this purp
23 °C and aj
and air shoy
appropriate 4

D.2 Preparation of S9 fraction

Livers are rg
animals havd

Wash the live
the livers in
homogenate
of the superr

/kg body mass phenobarbital intraperitoneally and 80 mg/kg body mass B-naphthoflavone

00 g,
orally
b |ast
h of a

d biphenyl?) dissolved in an appropriate vehicle at a dose of 500 mg/kg body ass 5 d pijior to

ion.

ild be housed on absorbent softwood bedding in adequately marked cages, which are only
bse. Animal husbandry should be standardized. Animal room should be maintained at 20
pproximately 60 % relative humidity. Lighting should consist of & controlled 12 h light/dark
Id be exchanged at least 10 times per hour. The animals shaquld be given free access
tandard diet and water of drinking quality.

moved under sterile conditions immediately after euthanasia and kept at 4 °C £ 1 °C ur
been prepared. All other steps are carried qut-under sterile conditions at 4 °C + 1 °C.

rs with cold (4 °C + 1 °C) 0,15 mol/l KCl solution (approximately 1 ml KCl per 1 g liver). Homog
fresh, cold (4 °C + 1 °C) 0,15 mol/l KCI (approximately 3 ml KCI per 1 g liver). Centrifug
in a refrigerated centrifuge at 4 °C +*1 °C and 9 000g for 10 min. Store small aliquots (e.g.
atant (the S9 fraction) in sterile cryogenic vials below —70 °C.

used
°C to
cycle,
[0 an

til all

enize
e the
1 ml)

6)
Standard and

7)

not not constitute an endorsement by ISO of these products.

of users of this International Standard and does not constitute an endorsement by ISO of this product.

18

This reagent is commercially available. This information is given for the convenience of users of this International

Aroclor 1254 is an example of a suitable product available commercially. This information is given for the convenience
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(informative)
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Example for application of samples on a 24 well plate

NOTE D1 to D32 are different samples or different dilution levels of one or more samples; NC: negative control;

PC: positive control.

9,96/6

Key
I 1pt replicate
Il 2npd replicate
Il 3fd replicate

- @0@©®

Figure E.1 — Incubation plate A (24 wells)

© 1SO 2012 — All rights reserved
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I384

Key
loa 24 well plate, 1st replicate
I384 384 well revertant selection plate, 1st replicate

Figure E|2 — Example of transfer from a 24 well plate (plate*A-or B) to a 384 well plate (with s|x

dilution levels)

20
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Annex F
(informative)

Example for reporting

Furhter details for Table F.1:

Strain: TA 100
Testipg condition: Incubation with addition of S9 mix
Sample: NAME

Table F.1 — Example of a table for reporting

Dilution |\, 11her of wells with revertant growth Mutant Mutant
Sample level Meai induction induction
D Replicate 1 | Replicate 2 | Replicate 3 rate (3.8) factor
NIC?@ water 8 7 4 6,3 1
Sample 1 4 12 10 14, 12 57 1,9
2 26 22 21 23 16,7 3,7
1 39 41 35 38,3 32 6,1
Sample 2 4 9 6,0 -0,3 0,95
2 8,3 2,0 1,3
1 12 5 7 8,0 1,7 1,3
PP 2-AAC 32 27 25 28 21,7 4.4
a Negative control batch.
b Positive control batch.
¢ P-Aminoanthracene.
© 1SO 2012 — All rights reserved 21
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G.1 Gen

Annex G
(informative)

Testing of chemicals

eral

Perform ove

G.2 Preparation of tester strains

In the test cu
specific adaf
with revertan

Calculate thg
overnight cul

For the dete
with 900 pl g
dilution of th
dilution using
Equations (G

In the case g

X504

where

d

X595 nml

In the case g

X595
d= 595

night culture according to 9.1.

tation of tester strain density may be necessary to achieve the number of\negative control
t growth as defined in Clause 10.

b required dilution factor and the volume of 1x exposure medium)required for addition t
ture in order to adjust the cell density according to Equations (Gx), (G.2) and (G.3).

mination of the actual cell density of the overnight culture, dilute 100 yl of the overnight c
rowth medium (7.37), otherwise the FAU is out of range: Measure cell densities (X595 nm) @
p tester strains TA 98 and TA 100 immediately beforecexposure and calculate FAU values g
a FAU calibration curve in accordance with ISO 7027. Calculate the dilution factor accord
1) and (G.2):

f strain TA 98:

nmlFAU]
18

is the dilution factor;

FAU] is the FAU value of the 10-fold diluted overnight culture of strain TA 98 that is detern
as describéd)above.

f strain TA 100Q:

nm [FAU]
4,5

Itures, cell densities of 180 FAU for TA 98 and 45 FAU for TA 100 are recommended. Laboratory-

wells

b the

Ulture
f this
f this
ng to

(G.1)

nined

(G.2)

where

d

is the dilution factor;

Xs95 nm[FAU] is the FAU value of the 10-fold diluted overnight culture of strain TA 100 that is determined

as described above.

Use the calculated dilution factor to determine the required volume of 1x exposure medium required for addition
to the overnight culture in order to adjust the cell density according to Equation (G.3).

Vadd = (chltured) -

22

V

culture

© 1SO 2012 — All rights re
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where

d

Vadd

Veulture

Table G.1 — Preparation of tester strain TA 98 (example)

is the dilution factor according to Equation (G.1) or (G.2);

is the volume of the undiluted overnight culture, in millilitres (ml).

ISO 11350:2012(E)

is the volume of 1x exposure medium to be added to the overnight culture, in millilitres (ml);

Dilution-factor

\Volume of-the

Volume of the

Volume of the

FAY of the 10-fold

[according to

overnight culture

adjusted overnight
culture for exposure

medium
(7.38) for d[lution to be
added to the overnight

diljted overnight | Eauation (G.1)] (undiluted) (180 FAU)
culture cujture
d Veulture Vdd
ml ml il
240 13,3 4 53,3 4p,3

G.3

Test culture without S9 mix for testing of chemicals

Prepare test cultures according to Table G.2. Use sterile 24-well-microplates (plate A) (6.19). Perform under
sterilg conditions. An example for configuration on the plate is given in Annex E.

Table G.2 — Preparation of test culture plate A without S9 mix

Negative control Chemicals Positive control
Component batch dilutions batch (7.41.2)
ul pl pl
Adjupted overnight culture of tester strain TA 98.br 980 980 980
TA 1P0 (9.3.2)
Negative control? 20 — —
Chellnical dissolved in an appropriate:solventt — 20 —
Positive control® — — 20
Total| volume 1000 1000 1000
a \s negative control, use\the’solvent. Usually, DMSO is used as the solvent for chemicals.
b Fnsure that each dilution contains the same solvent concentration.
¢ \s positive control substance, use 4-NOPD for strain TA 98 and NF for strain TA 100.

If calgulation-of Cytotoxicity is performed (9.5), measure initial X595 nm (¢ = 0 min) and final X595 nm| (z = 100 min)
of plate A uSing a microplate photometer (6.20). It is recommended that only tester strain TA 98 be used for
meagqufement of growth, since cell density of TA 100 remains low.

Incubate plate A in the dark at 37 °C + 1 °C for 100 min while shaking (about 150 r/min).

Pour 2,5 ml of reversion indicator medium (7.40) into each well of another 24 well plate (plate B) (6.19).

Proceed according to 9.3.

G.4 Test culture with S9 mix for testing of chemicals

Prepare test cultures according to Table G.3. Use sterile 24 well microplates (6.19). Proceed under sterile
conditions. An example for configuration on the plate is given in Annex E.
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Table G.3 — Preparation of test culture plate A with S9 mix

Negative control Chemicals Positive control
Component batch dilutions batch (7.41.2)

ul pl ]
Adjusted overnight culture of tester strain TA 98 or 980 980 980
TA 100 (9.3.2)
S9 mix (9.2) 34 34 34
Negative control@ 20 — —
Chemical dissolved in an appropriate solvent? — 20 —
Positive contfol® — — 20
Total volume 1034 1034 1,034

¢ As positive control substance, use 2-AA for both strains.

b Ensure thit each dilution contains the same solvent concentration.

a8  As negatiye control, use the solvent. Usually DMSO is used as the solvent for chemicals.

If calculation|of cytotoxicity is performed (9.5), measure initial X595 nm (¢ = 0 min) and-final X595 nm (¢t = 10Q min)
of plate A uging a microplate photometer (6.20). It is recommended that only tester-strain TA 98 be used for
measuremerjt of growth since cell density of TA 100 remains low.

Incubate plate A in the dark at 37 °C + 1 °C for 100 min while shaking (abeut/150 r/min).

Pour 2,5 ml ¢f reversion indicator medium (7.40) into each well of another 24 well plate (plate B) (6.19).

Proceed accprding to 9.3.

24
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(informative)

Precision data

ISO 11350:2012(E)

An international round-robin study based on the procedure described in this International Standard was carried
out in 2010. A total of 18 laboratories from six countries participated in the round-robin test. Four water samples

were alla:yacd (balllp:c Friver-water: acullp:c 2-river-watet plcpalcd b_y addillg twodifferent 1) enotoxicants;
sample 3: river water prepared by adding one genotoxicant; sample 4: waste water effluent,,not{spiked). The
resulis are shown in Tables H.1 to H.3.
Table H.1 — Valid test results from all laboratories with satisfactory repeatability
Strain TA98 TA100
S9 npix - + - +
Positive control 100 % 93,8 % 100 % 100 %
Negative control 100 % 100 % 91,7 % 95 %
Table H.2 — Sensitivity and specificity based on test'results of samples one to three
No No.
indivic.lual individual Percentage Sensitivity || Specificity
Strgin | S9 mix Sensitivity | Specificity\| test results *39€ | after outlier ||after outlier
test ] of outliers PP PP
after outlier rejection rejection
results PP
rejection
n o
% % %
- 32 N/A 94 30 6,25 N/A 100
TAY8
+ 45 100 100 45 0 100 100
- 42 100 86 38 9,5 100 100
TA1DO
+ 43 100 80 40 7,0 100 100
overall 162 100 90 153 100 100
The $ensitivity and-specificity of the test was calculated based on the samples 1 to 3. The muytagenicity of

these
1to
sens
100

samples was.known based on added mutagenic compounds. Therefore, the test results of
B were classified as true positive, nyt, false positive, n,s, true negative, n_, and false nega
tivity Was' calculated according to 100 x ny/(nyt + n—f). The specificity was calculated
nAl(n_t + nif). The sensitivities and specificities were calculated both, for each condition (s

withd

the samples
tive, n_s. The
according to

train, with or

utmetabolic activation by S9 mix) separately and for the overall performance of the Ames flyictuation test

to classify a sample as mutagenic (mutagenic in at least one condition) or non-mutagenic.
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Table H.3 — Median, minimal and maximal Ib(LID) values in terms of dilution factor

for samples 1 to 4 of all valid test results

Sample

(aral wnwixepw

(ar)ar winfupuin

upipaiy

1,5

sJal|3no jo abejupoiad

%

7.8
28,5

:o_uuo_m._ ._W__Eo
13)je sallojeloqe| "ON

16
15
12
10

(ar)ar wnygnxep

(ar)ar wnguruiy

upipap

sJal|3no jo abejupoiad

%

12,5

13,3

uoijoafaa aino
19)ye saliojesoqie| "oN

14

13

(arai wnduxepn

(ar)ar wnguuipy

upipapy

sialjjno jo mmﬁ:ﬂo._mn_

%

uoioafaa ._W__So
19}k saliosjeloqe] ‘ON

(ar)ar wnygnxep

(ar)ar wnguuiy

upipap

sJal|3no jo abejupolad

%

15,4

20

uoijoafau paljno
Jajje saliojelode| "oN

16
16

1"

12

Xlw 68

ulens

TA98

TA100
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Annex |
(informative)

Statistical assessment

General

The
wells
test 4

butput of the Ames fluctuation test is a nominal (quantal) data set containing the numbeg
per 48 well area for each replicate of k£ samples (dilutions) (e.g. Table 1.1). Statistical differen
amples and the negative control (NC) can be derived by performing Fisher’s exact-test (2

Bonferroni adjustment). Since the frequency (sum) of observations within one sampl€-can be snj

equa| to four (as in Table I.1; example 1: sum NC = 1), it is not possible to use the approximatid
exac| test, i.e. the y2-test. In order to avoid numerical problems (Fisher’s exact'test) and to hal
powdrful ANOVA methods, it is recommended that the data be transformed_(nominal to metric).
approximate normal distribution and to equalize variances, the arcsine—square-root transformati
as in|Formula (1.1):
N = arcsin[ Trev ]
Ry
wherg

l

1

After
are f
can

after
are V]
adjus
creat

rev iS the number of revertant wells;

w is the number of wells.

vards, the transformed data are checked for variance homogeneity (and normality). If these
Lilfilled, and provided that the dose~résponse relationship increases monotonically, a W
be performed. If the dose—response relationship is non-monotonic (e.g. decreasing reve
a maximum at higher concentrations due to cytotoxic effects), Dunnett’s test is appropriat
ariance heterogeneous, pairwise comparisons should be made using the Welch r-test wi
tment. However, William{s or Dunnett’s test are still suitable since the transformation step
on of variance homogeneity.

Table 1.1 — Examples of the output of Ames fluctuation tests — The data sets con

of revertant
ces between

2 table with
haller than or
n of Fisher’s
ve access to
To obtain an
on is applied

(11)

requirements
illiam’s ¢-test
rtant growth
b, If the data
h Bonferroni
involves the

ist of
six dilution Jevels and a negative and positive control (NC and PC), i.e. eight samplej; (k=8)

Example 1 NC 1-32 116 1-8 1-4 152 11 PC
Platg 1 0 2 4 12 16 32 41 37
Platg 2 2 1 8 9 30 37 37
Plate™3 0 2 3 5 8 22 39 39
Sum 1 4 8 25 43 84 117 113
Example 2 NC 1-32 1516 1-8 1-4 152 11 PC
Plate 1 0 0 0 2 2 1 2 47
Plate 2 0 1 1 1 3 2 0 47
Plate 3 0 1 1 1 1 1 1 48
Sum 0 2 2 4 6 4 3 142
NC negative control

PC positive control

According to the validity criteria (Clause 10), up to 10 revertant wells are allowed in the NC. If the total number
of revertant wells in the NC is rather low, it is possible that samples are considered mutagenic, although the
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number of revertant wells in those samples is also below 10, and might therefore give rise to a spontaneously
positive response. A clear example is the case where no revertant wells are detected in all three NC replicates
(Table I.1; example 2). In that case, dilutions with only a few revertant wells might be regarded positive, due
to the recommended use of powerful statistical tests (Table 1.1 and |.4; example 2). Since these methods are
required for protective assessment and in order to overcome false positives, a threshold value, nTH, should be
introduced and is calculated as follows:

— 25 sam
nH = et e (12)
v/ rep sam
where
NG is the mean number of the basic population of revertant wells appearing in the, NCk, i.e.
one of:
— the historical negative control of interlaboratory testing [mean of'all values|of an
international round-robin study (Table 1.2)];
— the historical negative control of intralaboratory testing-(mean value of all NCs
determined by one laboratory in the past);
— the mean of 12 values of separately determined negative controls.
NOTE Reference [21] shows, with the help of the data of an international round-robin study, that at least 12 x 48 wells

are required t¢ reach the value of the historical NCs.
Ssam is the residual SD of the ANOVA;

ssam/\/nrap sam is the estimation of the SD of the basic population from the sample according o the
central limit theorem.

Hence: ntH 5 95 % confidence interval around the historical mean of all NCs (Figure 1.1)

=
-

/

Figure.l.1 — Statistical meaning of the threshold value, ntH, which is represented
by the hatched area under the curve

The value of ntH is the 95 % confidence interval around the mean number of revertant wells, 7, , in the
negative control (NC) and hence 7., =2 times the residual SD of the ANOVA of the sample, ssam.

As was already mentioned above, the numbers of revertant wells in the NCs of all tests performed in an
international round-robin study were gathered and the mean was calculated to define a historical NC for each
individual test strain (Table 1.2). The arcsine—square-root transformed values presented can be universally
used for calculations of sample-specific values of nTH.

Table 1.2 shows the results of an international round-robin study in which 18 laboratories in seven different
countries tested four samples with the Ames fluctuation test using two test strains (TA 98 and TA 100) with and
without metabolic activation by S9 mix (+S9 and —S9). The total numbers of revertant wells observed in the
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negative controls (NCs) are listed and used to derive a historical mean, which represents an estimation of the
mean of the basic population of NCs.

Table .2 — Results of an international round-robin study

No. valid Sum of Mean No. of
replicates revertant wells | revertant wells n 2
Test strain nrevinw arcsin| =%
nval Z Rrey Rrey w
TA 98 —S9 179 504 2,8 =504/(179*48) 0,245
TA98=+59 186 333 4 —333(186*48) 0,198
TA 100 -S9 171 824 4.8 =824/(171%48) 0,322
TA 100 +S9 171 825 4.8 =825/(171%48) 0,323
.2 | Summary of the recommended assessment
The lecommended assessment can be summarized as:
a) arcsine—square-root transformation of the data;
b) st on variance homogeneity (e.g. Levene’s test);
c) ANOVA:
1+ William’s: at variance homogeneity and if the dosé=response relationship increases mopotonically;
1+ Dunnett’s: at variance homogeneity and if th& dose—response relationship is non-monotonic;
1+ Welsh: at variance heterogeneity;
d) ¢alculation of the threshold value;
e) determination of the least inhibitory-dilution (LID).
As mientioned in .1, this assessment of the results allows the selection of powerful, sensitive stqtistical tests,
and therefore presents a protective approach. Despite the output of nominal data, the deviation between
repligates can be involved because of the proposed transformation and subsequent possibility tq use ANOVA
methpds. After pairwise C@mparison of the number of revertants in samples with the numben in the NCs,
applied to the same plate,'the introduction of nty avoids considering actual negative responses falsely positive.
The value of nTy dépends on the number of replicates in the samples and involves scatter bgtween those
repligates. Moreover, it is based on the overall population of NCs. In this way, the final evaluation|is very close
to expert judgement. This was previously derived from an international round-robin study, where |t was shown
that this approach resulted in little scatter in interlaboratory LID values determined for one samplge (Reference
[21]).|Hence, the data analysis presented delivers a realistic result.

1.3

Example of calculations

After arcsine—square-root transformation of the nominal data of both examples presented in Table I.1, the
metric data set obtained allows the mean of the three replicates to be calculated (Table I1.3).
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