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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-governmentar, 1n_faison with 1S5S0, also take part i the WOork. SO collaborates closely wiih] the
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
The main thsk of technical committees is to prepare International Standards. Draft International Standards
adopted byl the technical committees are circulated to the member bodies for voting. -Publication ag an
Internationgl 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 miay be the subject of pgtent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 1134841 was prepared by Technical Committee ISO/TC 147, Water quality, Subcommittee S[C 5,
Biological methods.

This seconfl edition cancels and replaces the first edition (1ISO41348-1:1998), which has been technigally
revised.

ISO 11348 |consists of the following parts, under the general title Water quality — Determination of| the
inhibitory effect of water samples on the light emission ofVibrio fischeri (Luminescent bacteria test):

— Part 1:|Method using freshly prepared bacteria
— Part 2:|Method using liquid-dried bacteria

— Part 3:|Method using freeze-dried bacteria

iv © 1SO 2007 — All rights reserved
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Introduction

The measurements specified in ISO 11348 can be carried out using freshly prepared bacteria, as well as
freeze-dried or liquid-dried bacterial preparations.

Standardized work carried out by DIN Normenausschuss Wasserwesen and ISO/TC 147/SC 5/WG 1 has

shofvn that, In special cases, these danierent echniques may deliver difrerent results, esped

preg

Such varying sensitivity is caused by differences in media composition used in the preparation of
quid-dried bacteria. These protective media influence the bioavailability of toxicants and/fpr the light

or |

ence of heavy metals.

ially in the

reeze-dried

emigsion of luminescent bacteria. This means that the origin and type of preparationneed to b¢ taken into

accpunt when interpreting the results. This may be difficult sometimes, as freeze-dried and

bac
detd

For
bac
pert

The
on 4

eria may be obtained from different suppliers. This, in turn, can mean that the composition is n
il and therefore cannot be interpreted by the user.

this reason, in addition to toxicity measurements with liquid-dried bacteria (ISO 11348-2) and
eria (ISO 11348-3), a procedure with freshly prepared bacteria 4s described in this part of ISQ
pormance of which can be interpreted by the user in every detail.

laboratories responsible for the results have the opportunity to select the most suitable techr
xpert judgement and information about the water sample'to be tested.

liquid-dried
ot known in

reeze-dried
11348, the

ique based
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Water quality — Determination of the inhibitory effect of water
samples on the light emission of Vibrio fischeri (Luminescent
bacteria test) —

Pr)r{- 1-

WA

rv Tr.

thod using freshly prepared bacteria

RNING — Persons using this part of ISO 11348 should be familiar with normal laborato

This standard does not purport to address all of the safety problems, if any, associated wit

is t

he responsibility of the user to establish appropriate safety and health practices and

conmpliance with any national regulatory conditions.

IMP
ISO|

ISO
bac
bac

Thig

ORTANT — It is absolutely essential that tests conducted’in accordance with tk
11348 be carried out by suitably trained staff.

Scope

11348 describes three methods for determining_the inhibition of the luminescence emitted by
er!um Vibrio fischeri (NRRL B-11177). This part-of ISO 11348 specifies a method using fresh
eria.

method is applicable to:

waste water;

aqueous extracts and leachates;

fresh water (surface and ground water);

sea and brackish-water;

eluates of sédiment (fresh water, brackish and sea water);

pore water;

single substances, diluted in water.

y practice.
h its use. It
to ensure

is part of

the marine
ly prepared

2

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO

ISO

ISO

5667-16, Water quality — Sampling — Part 16: Guidance on biotesting of samples
5814, Water quality — Determination of dissolved oxygen — Electrochemical probe method

7027, Water quality — Determination of turbidity

© 1SO 2007 — All rights reserved
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3 Principle

The inhibition of light emission by cultures of Vibrio fischeri is determined by means of a batch test. This is
accomplished by combining specified volumes of the test sample or the diluted sample with the luminescent
bacteria suspension in a test tube.

The test criterion is the luminescence, measured after a contact time of 15 min or 30 min and optionally 5 min,
taking into account a correction factor (f,), which is a measure of intensity changes of control samples during
the exposure time. The inhibitory effect of the water sample can be determined as LID (see Annex B) or as
EC,o- and/or ECgy-values by means of a dilution series. (EC is the effective concentration).

4 Interf

q

J

Insoluble,
suspension
test results.

Losses of
coloured or|
for examplg

Since oxyg
oxygen con

Readily bi
bioluminesgq

Samples wi
An adjustm

As the test
procedure
Annex D).

Salt concer

prences

lightly soluble or volatile substances or substances which react with the dilution, water or|
or alter their state during the test period, may affect the result or impair the reproducibility of

uminescence caused by light absorption or light scattering may occur in the case of stro
turbid waters. This interference can be compensated by a sample treatment for turbidity (7.2
, by using a double-chambered absorption correction test tube (see Annex A).

en is required for the bioluminescence [6], samples with a High oxygen demand (and/or a
centration) may cause a deficiency of oxygen and be inhibitory.
reduction

bdegradable nutrients in

ence 1.

the sample may causeva pollutant-independent

th a pH outside the range of pH = 6,0 and pH=18,5 affect the luminescence of the bacteria [6}

ent of the sample is required when the toxic effect of pH is not wanted.

organism Vibrio fischeri is a maringlbacterium, testing salt-water samples with the stan
pbften leads to stimulation effects -of\bioluminescence, which may mask inhibition effects

trations in the initial sample~exceeding 30 g/l NaCl, or contents of other compounds giving e

osmolarity

ay lead, together with the ;salt spiking required by the test, to hyperosmotic effects. The resu

salt concentration in the test samples should not exceed the osmolarity of a 35 g/l NaCl solution in ordg
avoid these| effects.

5 Reagents and materials

Use chemidals of-recognized analytical grade quality. Use distilled water or water of equivalent purity.

5.1

Test pacteria.

the
the

hgly
or,

low

(71,

dard
see

jual
ting
er to

Use a strain of luminescence bacteria belonging to the species Vibrio fischeri NRRL B-11177. The bacteria
strain can be taken from commercially available freeze-dried or liquid-dried reagents or from culture
collections, e.g. Deutsche Sammlung fir Mikrorganismen und Zellkulturen GmbH, Mascheroder Weg 10,
D-38124 Braunschweig, Germany, or NRRL, ARS Culture collection NCAUR, 1815 N, University Street,
Peoria, lllinois 61604, USA. The bacterial suspensions used for toxicity measurements shall be freshly
prepared from cultures.

5.2

Sodium chloride solution, as diluent.

Dissolve 20 g of sodium chloride (NaCl) in water and make up to 1 | with water.

© 1SO 2007 — All rights reserved
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5.3 Sodium hydroxide solution, e.g. ¢(NaOH) = 1 mol/l.
5.4 Hydrochloric acid, e.g. ¢(HCI) = 1 mol/l.
For the adjustment of the pH, it may be necessary to use acids or bases of lower or higher concentration.

5.5 Solution for freshly prepared bacteria.

8,09 D(+)-Glucose monohydrate (CgH4,04°H,0)

20,09 Sodium chloride (NaCl)

2,035¢ Magnesium chloride hexahydrate (MgCl,-6 H,0O)

0,30 g Potassium chloride (KCl)

11,949 N-(2-Hydroxyethyl)piperazine-N-(2-ethanesulfonic acid) (HEPES)

Disgolve in water, stir for about 30 min and adjust the pH to 7,0 £ 0,2 with sodium_hydroxide solufion (5.3) or
hydfochloric acid (5.4). Make up to 1 | with water.

Thig solution may be stored in portions at —18 °C to —20 °C.
5.6 | Reference substances.

Prepare the following reference-substance stock solutions .with sodium chloride solution (5.2] as diluent
sepgrately, without adjustment of the pH:

2198 mg/l Zinc sulfate heptahydrate (ZnSO,4-7 H50)
9 mp/l 3,5-Dichlorophenol (CgH,OCI,) (purity > 99 %)
22,6 mgl/l Potassium dichromate (K,Cr,0Q7)

These concentrations are approximately jtwice the expected ECgy-values for the respectivg reference
subgtances in this part of ISO 11348. Fhe'volumes required depend on the test set-up.

NOTE It is possible to use commercially available chemical preparations with defined concentrations gf ZnSO, and
K,C[,0y (titrisol) for the preparation ofthe stock solutions of the reference substances.

5.7| Liquid broth for pre-yand main cultures.

30 ¢ Sodidm chloride (NaCl)

6,10 g Soedium dihydrogenphosphate monohydrate (NaH,PO4-H,0)
2,7% 9 Dipotassium hydrogenphosphate trihydrate (K,HPO,4-3 H,0)
0,204 g Magnesium sulfate heptahydrate (MgSO,:7 H,0)

0,500-g Diammonium hydrogenphosphate [(NH,4),HPO,]

3 ml Glycerol

500¢ Caso-peptone

0,50 ¢ Yeast extract

Dissolve in water and adjust the pH to 7,0 = 0,2 with sodium hydroxide solution (5.3) or hydrochloric acid (5.4).
Make up to 1 | with water. Transfer 50 ml each to Erlenmeyer flasks (e.g. 250 ml) and sterilize in an autoclave
at 121 °C for 20 min.

Caso-peptone and yeast extract offered by different suppliers can vary in quality. In case of problems (e.g.
growth inhibition), it is recommended to purchase the product from another manufacturer.

© 1SO 2007 — All rights reserved 3
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5.8 Agar

Adjust the li

medium for stock cultures.

quid broth (5.7) to pH 7,0 £ 0,2.

Add 12 g of agar per litre and dissolve by gentle warming; sterilize and transfer to sterile Petri dishes.

5.9

66 g
49

Protective medium.

D(+)-Glucose monohydrate (CgH4,0¢°H50)
Sodium chloride (NaCl)

29
0,5¢9

Dissolve cg
hydroxide s

Damage of
BSA offere
product fron

Prepare prg

6 Appa

6.1 Ther
15°C+1°

L-Histidine

Bovine serum albumin, BSA

mpletely in water at about 37 °C and adjust the pH to 7,0 £ 0,2 at room temperature with sod
plution (5.3) or hydrochloric acid (5.4) as necessary. Make up to 100 ml with water:

bacterial cells during the freezing procedure is prevented by the use of the protective med
| by different suppliers can vary in quality. If problems occur, it is recommmended to purchase
n another manufacturer.

tective medium freshly before use.

ratus

C. Within one test, the temperature deviation should be at most + 0,3 °C.

6.2 Water bath or thermostatically controlled thermo-block, to maintain at least 12 ml volume

reagent ves

sel) of the solution prepared in 5.5 at 15 °C + 1 °C.

ium

um.
the

mostatically controlled thermo-block, to maintain the test samples at a temperaturg of

e.g.

h a
the

6.3 Luminometer, measuring cell maintainediat 15 °C + 1 °C, equipped with suitable test tubes.

6.4 Test|tubes, made of a chemically: inert material, appropriate for the selected luminometer, wi
capacity wtlich facilitates the taking of a-reading over the largest possible surface area and able to fit intg
thermo-blogk (6.1).

6.5 pH-meter

6.6 Chronometer

6.7 Pistdn pipettes’or plastic syringes, 100 pl, 500 pl and 1 000 pl.

6.8 Pistc1n pipettes, with variable volume, 10 ml to 200 ml and 200 ul to 5 000 pl.

6.9 Refrigerated centrifuge.

6.10 Magnetic stirrer and magnetic stirring bar.

6.11 Incubated shaker, for incubation of Erlenmeyer flasks.

6.12 Autoclave.

6.13 Incubator.

6.14 Spectral- or filter-photometer and test tubes, of optical path length 1 cm.

4 © 1SO 2007 — All rights reserved
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6.15

6.16

6.17

6.18

7

ISO 11348-

Inoculating loop (or needle).
Conductometer.
Freezer, for the storage of solutions and suspensions.

Oxygen probe, in accordance with ISO 5814.

Sampling and sample pretreatment

1:2007(E)

71

Coll
con
san
stor
salt

7.2

Mesd
the
san

Med

Sampling

ect samples in chemically inert, clean containers as specified in 1SO 5667-16; Fill the
pletely and seal them. Test the samples as soon as possible after collection. Where nece
ples at 2 °C to 5 °C in the dark in the containers for not longer than 48 h. For_periods up to
e at < —18 °C. Do not use chemicals to preserve the samples. Perform the necessary pH-adj
addition immediately before testing.

Sample preparation
sure the oxygen concentration in all samples. An oxygen coneentration > 3 mg/l is required g
pxygen concentration of the undiluted sample is less than 3/mg/l, use adequate methods to ox
ple, e.g. aeration or stirring.

sure the pH of all samples. If the pH is between 6,0yand 8,5, an adjustment is usually not|

Adjdstment of the pH-value, however, may alter the nature of the sample. On the other hand, th
ple and the pH of the test batch may differ because of the buffer capacity of the test mediunp. It may be

san
nec

If ne
(5.3
and
soly

Add

For
toa

If t
con

For

bssary to carry out tests on both the pH-adjusted and the non-pH-adjusted samples.

cessary, adjust the pH of the sample by adding either hydrochloric acid (5.4) or sodium hydroX
. Depending on the purpose of the-test, the pH may be adjusted to 7,0 + 0,2 or to the uppe

containers
ssary, store
wo months,
stment and

r the test. If
ygenate the

necessary.
e pH of the

ide solution
r (8,5+0,2)

lower limits (6,0 £ 0,2). Choose(the concentration of the hydrochloric acid or the sodium hydroxide

tion to restrict the volume addedto not more than 5 % of total volume.
20 g of sodium chloride per.itre to the water sample or to the neutralized water sample.

samples with high salt.concentrations, measure the salinity and add the amount of salt which i
Hjust the osmolarity~te“20 g/l NaCl.

he sample contains between 20 g/l and 50 g/l NaCl-equivalents, add no salt. The re
centration.inithe test samples shall not exceed the osmolarity of a 35 g/l sodium chloride solutig

salt water samples, Annex D gives further information.

)

Stra

b hecessary

sulting salt
n.

should be filtered. Use the supernatant or filtrate for the test.

8

8.1

Cultivation of luminescent bacteria

Stock culturing

it 5 000g, or

Transfer luminescent bacteria of strain Vibrio fischeri NRRL B-11177 (5.1) under sterile conditions to Petri
dishes containing the agar medium for stock cultures (5.8).

Incubate in an incubator for 2 d to 3 d at 20 °C + 1 °C.

© 1SO 2007 — All rights reserved
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Mark luminescent single colonies using visual observations in the dark, and store dishes in the refrigerator
afterwards.

Transfer marked colonies under sterile conditions to fresh dishes after a storage period of one week to a
maximum of two weeks.

Commercially available vials of preserved bacteria usually are not dispensed under sterile conditions. For
cultivation of pure cultures, several single-colony passages are recommended. To prevent genetic alterations,
a new vial of preserved bacteria can be opened and used approximately every 6 months.

NOTE The luminescence of luminescent bacterial colonies can decrease during storage.

8.2 Preparation of pre-cultures

Inoculate 50 ml of pre-culture broth (5.7) in Erlenmeyer flasks (e.g. 250 ml) under sterile conditionis with [one
luminescent single colony of a stock culture aged 2 d to 3 d.

Shake for 21 h + 1 h at 20 °C + 1 °C with a periodicity of at least 180 r-min—1.

Determine the turbidity of a 1 in 10 dilution of the culture in sodium chloride solution (5.2), e.g. in formagine
absorption bnits (FAU) at 578 nm, as specified in ISO 7027.

8.3 Preparation of main culture

Inoculate 5D ml of the main culture broth (5.7) in 250 ml Erlenmeyer flasks with an appropriate volumge of
pre-culture [8.2) to result in an estimated initial turbidity of 10 FAU:

Shake for 20 h + 1 h at 20 °C + 1 °C with a periodicity of at least 180 r-min—1.
Determine furbidity, in FAU, of a 1 in 10 dilution in sodium' chloride solution (5.2) photometrically at 578 nm.

NOTE Following the above conditions, the undiluted main culture usually exhibits a turbidity of 700 FAU to
1 800 FAU.

8.4 Preparation of stock suspension
Pre-cool sodium chloride solution (5.2)and protective medium (5.9) on ice.

Centrifuge |bacterial suspension”from the main culture (8.3) at 4 °C+£2 °C in a pre-cooled refrigerated
centrifuge, for 15 min to 20/min"at 6 000g + 2 000g.

Decant supernatants-and resuspend pellets in 5 ml to 10 ml, per 50 ml of main culture, of ice-cold soq
chloride solption (5.2):

um

Repeat cenfrifugation under the same conditions.

Decant supernatant and resuspend pellets in 0,5 ml, per 50 ml of main culture, of ice-cold sodium chloride
solution (5.2).

Transfer the bacterial suspension to a precooled beaker (e.g. 100 ml) and place on ice.

Slowly add, under constant cooling on ice and stirring, about 4 ml of protective medium (5.9) per 50 ml of main
culture.

Photometrically determine the turbidity of a 1 in 100 dilution with sodium chloride solution (5.2).

Add pre-cooled protective medium (5.9) more quickly up to an estimated turbidity of 2 500 FAU + 500 FAU or
equivalent (see Note in 8.1).

6 © 1SO 2007 — All rights reserved
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For the preparation of a suitable stock suspension, addition of at least 10 ml of protective medium per millilitre
suspension in sodium chloride solution is recommended. On addition of protective medium, bioluminescence
is markedly decreased but reappears after addition of dilution solution.

Continue stirring for about 15 min to obtain a homogeneous mixture.

Dispense aliquots of 100 pl into suitable test tubes (6.4).

Itis

For

NOTE The stock suspension can be used for determinations for several months. At —70 °C the ;suspe
storg¢d for even longer periods.

Ref

convenient to use the type of tube to be used in the subsequent procedure (Clause 9).

future use, store stock suspensions in a freezer at < —20 °C.

ozen stock suspensions may be used for preliminary tests only.

nsion can be

The| stock suspensions may be used for testing purposes as long as the validity criteria (see Clduse 12) are

met]

Pre

sub

Pre

Tak
20 9

Pre

Pipgtte this suspensiominto, for example, a 20 ml reagent vessel and add 11,5 ml of solution (5.5),

at1
Wa

Pre
(5.2

Procedure

bare the reference samples according to 5.6. Test each<batch of bacteria with all thre

pare the samples according to 7.2.

C + 2 °C to thaw the suspension.
pbare the test suspension in two steps:

Add 0,5 ml of solution (5.5) per 100 pl of stock suspension in the test tube maintained at 1
and homogenize by gentlessiaking of the test tube.

Wait for about 15 min(

b °C + 1 °C, and.homogenize by gentle shaking of the reagent vessel.
t for about 15 min.

bare.in a first set of test tubes (6.4) the sample dilution series, the reference sample (5.6) and
reguired.

b reference

stances. Test at least one of the three reference substanees in parallel with each stock-suspension test
tube thawed for the tests.

e the tube containing the stock suspension,(8.4) out of the freezer and place it in a wagter bath at

b °C+1°C,

maintained

the controls

A common procedure for the preparation of the dilution series is described in Annex B. Depending on the
purpose of the test and the statistical requirements concerning the test results, other dilution designs with
concentrations in a geometric or a logarithmic series may be appropriate as well. Due to mixing of equal
volumes of sample/diluted sample and test suspension, the highest sample concentration in the test is 50 %
sample as a rule. For the testing of nearly undiluted water samples (80 % sample), an extra control batch is
needed (see B.2 and Table 1).

Maintain the test tubes containing the sodium chloride solution (5.2) for controls, the reference samples (5.6),
the samples (7.2) and the samples of the dilution series (Table B.1) at 15 °C £ 1 °C.

Chose test conditions which safeguard that the maximum temperature deviation in the thermo-block within

one

test is at most + 0,3 °C.

© 1SO 2007 — All rights reserved
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For tests with equal volumes of test suspension and sample, pipette 500 ul portions of the test suspension
into a second, corresponding set of test tubes (6.4), maintained at 15 °C = 1 °C in the incubator, at the same

time interva

Is (5 s to 20 s) as used for later intensity measurements.

Carry out two parallel determinations per dilution level at a test temperature of 15 °C + 1 °C.

Adjust the luminometer instrument to a convenient, near-maximum setting.

Determine and record the luminescence intensity, /;, of the test suspensions by means of a luminometer.

As the contact time for all test samples shall be equal, use a chronometer (6.6) for the measurement of the

luminescen

Measure al
the test sus

Immediatel
total volum
chloride sol
(Annex B),

the test sus
chronomets

Repeat for

Determine

controls, affer, optionally, 5 min (/5) and again after 15 min and 3@min (/,5, /3q), as required, at intervals o

to 20 s.

Record the

10 Evalu

10.1 Inhik
Calculate th

factor servg
the determi

sz = Ikr
where

is

fkt

Ce intensities at equal time intervals, seriatim. An interval of 5 s to 20 s has been found conven

test suspensions, as differing luminescence may be expected due to possible inhomogeneitig
pension.

after the initial luminescence measurement of a test suspension, make up this"suspension
e of 1 ml with samples (7.2), diluted samples (Annex B), reference samples (5.6) or soq
ution (5.2), as appropriate. This is done by pipetting 500 ul each of samples (7.2), diluted sam
reference samples (5.6) or sodium chloride solution (5.2), prepared in the-first set of test tube
pensions in each of the tubes in the corresponding second set of test tubes. Mix by hand, star
r and place the test tubes back into the thermo-block at 15 °C + 1 °C)

bl the other test tubes, leaving the same time interval between ‘successive additions.

and record the luminescence intensity in all test tubestofrthe second set of test tubes, inclu

instrument adjustment.

ation

itory effect on luminescent bacteria

e correction factor (f, -value) from the measured luminescence intensity using Equation (1).
s to correct the initial values 1, of all test samples before they can be used as reference value
hation of the water-dependent decrease in luminescence.

Iy (t =5 min, A5wmin, 30 min)

he’correction factor for the contact time of 5 min, 15 min or 30 min;

ent.

s of

to a
ium
ples
5, to
the

ding
5s

This
5 for

(1)

Ikt
in

Iy

relative luminescence units;

diluent (5.2), in relative luminescence units.

is the luminescence intensity in the control sample after the contact time of 5 min, 15 min or 30 min,

is the luminescence intensity of the control test suspension, immediately before the addition of the

Calculate the mean correction factor 7kt and the deviation of the individuals from the means in percent (one
significant digit):

[(Fi * fica)/ T | <100

()
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where
fri s either of the two individual values of the correction factor and £, is the mean value.

Calculate I using Equation (3):

Iy =Igx [y (3)
where
v m A-of-f—

Iy is the luminescence intensity of the test sample suspension, immediately before the adglition of the
sample (7.2) or the diluted sample (Annex B), in relative luminescence units;

I+ s the corrected value of [ for test sample tubes immediately before the addition of the tegt sample.
Calgulate the inhibitory effect of a test sample using Equation (4):
H,=[(Is — I )4l x 100 (4)
where
H, is the inhibitory effect of a test sample after the contact time of 5 min, 15 min or 30 min, in|percent;
ot See Equation (3);

I, is the luminescence intensity of the test sample after the contact time of 5 min, 15 min gr 30 min, in
relative luminescence units.

Calgulate the mean of the inhibitory effect /, for'each dilution level, in percent.

Calgulate the arithmetic difference of the parallel determinations of #,; from their respective mean H,, in
pergent points (one significant digit):

H (%)~ H (%)
whdre

H, is either ofthé two individual values of the inhibitory effects of a test sample and H is the mean
value.

10.2 Determination of EC-values

Calgulate the concentration-effect relationship for each exposure time using suitable standafd linear or

lindar rearession-analysis [8]
non g Y -

For evaluation of concentration-effect relationships using a linear regression technique, evaluate, for each
dilution level, the gamma value (ratio of light lost to the amount of light remaining at time ¢) using Equation (5):

r,=H/(100-H;) (5)
where

I", is the gamma value of the test sample after the contact time of 5 min, 15 min or 30 min;

H . is the mean of H,, see Equation (4).
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https://standardsiso.com/api/?name=1c4455cddcadbaabfba4385bf71e4c30

ISO 11348-1:2007(E)

NOTE

When a certain test concentration gives 0 % or 100 % inhibition of bioluminescence, the gamma value cannot

be calculated. Therefore, usually only H-values between 10 % and 90 % are used in the calculation of the concentration-
effect relationship.

The concentration-effect relationship at a given exposure time often can be described by the following linear

equation:

Igci=blg ', +1ga

where

(6)

Ct

g

n

g

g

g

Ig a

By means
correspond

Ct

Ct
For non-ling
packages.
distribution
(H,) can be

EC values f

If the range
logarithmic

11 Exprg
Report the
Report the
If determing

If determine

the portion of the water sample within the test sample, in percent;
ce Equation (5);
the value of the slope of the described line;

the value of the intercept of the described line.

of standard least-squares regression statistics, calculate the ECsy- and ECgy-values
ng confidence limits, in which:

ECxpt at 7,=0,25;

at

ECsp r,=1,00.

ar regression analysis, various models are availablé. within standard graphic or statistical softy
hey are typically based on functions of the normal distribution (i.e. Probit analysis), the log
(i.e. Logit analysis), or the Weibull distribution({i.e. Weibull analysis). Calculated inhibitory eff
used directly to estimate parameters of the henlinear concentration-effect relationship, from w
or any level might subsequently be derived-8l.

of value pairs cannot be curve-fitted, the EC-values can be estimated graphically using a do
coordinate system.

ssion of results

esults in accordance-with the example in Table 1.
est duration (54aiin, 15 min or 30 min).

d, repartthe LID,-value (see Annex B).

dsreport the EC,4- and ECgp-values and the method for the derivation of these values.

with

vare
istic
ects
hich

Lible

Report the type of bacterial preparation used.

10
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Table 1 — Example of test evaluation — Sample: effluent from a sewage treatment plant

Control experiments

Control batch number Dilution level D Measured values Ixao 1o ?k30 Validity test
Deviation from
Io T30 the mean f\3,
in %
1 1a 93 76 0,817 2 0,8152 +0,3
2 9 74 0,813 2
3 =22 92 79 0;858-F 86,8504 t 1,0
4 95 80 0,842 1
Test experiments
Test batch Dilution level D Measured values T30 Ha Hso Validity tes I3
rumber o
Deviation
from the
mean, in
% points®
Iy I30 Za %
1 1 92 25 75,0 66,7 65,53 +1,1 1,901
2 93 27 75,8 64,4
3 2 86 43 734 41,2 42,51 +1,3 0,740
4 90 43 76,5 43,8
5 3 91 60 77,4 22,5 22,92 +0,5 0,297
6 89 58 75,7 23,4
7 4 95 72 80,8 12,4 11,65 +0,8 0,132
8 94 70 79,9 10,9
Reference
substance
9 3,4 mg/I DCP, or 91 32 77,4 58,7 57,85 +0,9 1,372
2,2 mg/l Zn,or
18,7 mg/Ler
10 93 34 79,1 57,0
2 |See Annex B,
b [For the coftrol batch, the deviation from the mean 7k30 is determined by the arithmetic difference of the parallel determinations
fron) the mean;-divided by the mean expressed in percent [Equation (2) in 10.1)].
¢ |For'the test batch, the deviation of the Hgy,-values (in percent) of the parallel measurements from the mean is calgulated as the
arittimetic difference of each H,-value (in percent) from the mean H3o (in percent) (called percent points).

The LID, -value in this example is LID, = 4.

The EC,,-value in this example is 31,9 %; the EC-value is 58,8 % (standard least square statistics).

12 Criteria of validity
The test is valid if:

— the f,-value for 15 min or 30 min incubation ranges between 0,6 and 1,3;

— the parallel determinations do not deviate from their mean by more than 3 % for the control samples;

© IS0 2007 — Al rights reserved 1
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— for the test samples which determine the LID,,-value or the EC,5/ECgy-values, respectively, the deviation
from their mean in “percent points” does not exceed 3 % points;

— for the batch of stock suspensions cultured according to 8.4, the three reference substances (5.6)
(solutions not neutralized, check separately) cause 20 % to 80 % inhibition after 30 min contact time at
the following concentrations in the final test suspension:

4,5 mg/l 3,5-dichlorophenol
25 mgl/l Zn(ll) (equivalent to 109,9 mg/l of zinc sulfate heptahydrate)
4 mg/l Cr(VI) (equivalent to 11,3 mg/l of potassium dichromate);

— one of|these three reference substances (5.6) (solution not neutralized) tested in parallel to‘éach sfock
suspersion tube thawed for the actual test (Clause 9) causes 20 % to 80 % inhibition after 30.min corntact
time.

13 Precigion

In a nationgl interlaboratory trial, carried out during summer 1991 by 22 laboratories, precision data were
determined| The results are summarized in Annex C.

14 Test teport

The test rg¢port shall refer to this part of ISO 11348. The:.‘documentation should contain the folloying
information

a) identity of the water sample, including sampling, storage time and conditions;

b) pH and oxygen concentration, in mg/l or % saturation of the original water sample;
c) date offtest performance;

d) samplg pretreatment, if any, e.g. pH after adjustment;

e) origin gf the bacteria, batch number;

f) date of|preparation of the’bacteria;

g) storage temperatufe-of the bacteria;

h) expresgion of.the results in accordance with Clause 11 and Table 1;

i) any deyiation from this method and information on all circumstances which might affect the results;

j) testresults with reference substances for the batch of bacteria and the actual test.

12 © IS0 2007 — All rights reserved
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Colour-correction method

Application

-1:2007(E)

Los
esp
prog
con

A.2
A.2

A.2

A3

Car
con

Pre
Whd

NOT

Tra

Pre

With fresh bacteria prepared according to 8.4, the use of 1,0 ml of bacterial stock suspension is req

Mix
cort
levs

5 of light due to absorption can occur when a sample shows a visible colour in the(dilu
ecially in the red to brown colour range. If there is a visible colour at the EC,, concentration, t

Centration is close to the ECgp-value, a colour correction should be made.

Additional apparatus
1 Colour-correction tube, double-walled tube, fitting the light meter:

2 Pasteur pipettes.

Procedure

'y out the complete colour-correction proceduresat’a temperature of 15°C +1 °C in a ther
rolled incubator.

pare a dilution of the test sample with diluent (5.2) with a concentration close to the ECy,,
en the EC, -values differ much, the Cpshould be close to the lower ECyg ¢

E1 It is not necessary to choose a\different C, for each exposure time (5 min, 15 min, 30 min).
nsfer 2,0 ml of 2 % sodium ¢hioride solution (5.2) to the chamber of the colour-correction tube.

bare a special bacterial suspension.

the suspension well before transferring it with a Pasteur pipette to the inner chamber of
ection tube) 'Add suspension to the same level as the solution in the outer chamber. Meast
| (By).after at least 15 min, and start the chronometer.

Fromm*this moment on, the position of the colour-correction tube in the measuring chamber should

tion series,
he following

edure is performed to check if colour correction is needed. In any case, when"the test sample

mostatically

-value (Cp).

ommended.

the colour-
re the light

remain the

same for all readings.

Remove, with a pipette, the sodium chloride solution from the outer chamber and replace it by 2,0 ml of the
diluted test sample (Annex B), precooled to 15 °C + 1 °C.

Measure the light level (I5) 5 min after the first measurement.

Remove, with a pipette, the diluted test sample from the outer chamber, and replace it by 2,0 ml of sodium
chloride solution.

Measure the light level (B43) 10 min after the first measurement.

© 1SO 2007 — All rights reserved
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NOTE 2  The procedure can be simplified by using two identical colour-correction tubes. The outer chamber of the first
tube is filled with dilution water, the outer chamber of the second tube is filled with the diluted sample. After 15 min, light
levels B, and I, can be measured. These values can then replace the values for B and /5 in the calculations in A.4.

A.4 Calculation

The calculations assume that the coloured sample behaves according to the Beer-Lambert law, which is

usually the case.

Calculate Bz with Equation (A.1):

Bs :BO

Calculate fpr a given exposure time (¢) the absorption (4,) of the uncorrected EC,,; concentration
2):

Equation (A

and with Eq

I'e=c

K3

By —Bq9
2

EC
ﬂ><k><|nﬁ
C Ig

k

is the concentration of the sample or chemical in the (colour)‘tested concentration;

is an empirically derived system constant;

is the absorption of the tested dilution in the calour correction cuvette.

e corresponding transmission (7,) with*Equation (A.3):

,At

4,

e corrected gamma values (/) with Equation (A.4):
5T,)—4

uation (A.5);

FIXFO

where

.1

with

®.2)

®.3)

cl”, s the correction factor for gamma values at a given exposure time (z);

Iy s the original gamma value.

Perform a recalculation of the test results with the corrected values.

At a given exposure time, the absorption (4,) and the transmission (7,) for each test concentration can be
calculated, and from this the uncorrected gamma value can be calculated with Equation (A.6):

I'e=T,(1+19)—1

14

(A.6)
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The correction factor is the same for each gamma value, assuming that the slope of the original line is correct.
It is therefore sufficient to calculate the correction factor for one gamma value only. In this calculation, the
gamma value corresponding to the uncorrected EC,, concentration is used (/"= 0,25). Equation (A.7) for
calculation of the correction factor is deduced as follows:

crt:i:Tt(1+F0)—1:T,(1+O,25)—1:(5Tt)_4 (A7)
Iy Iy 0,25
where
T H na murad bualiica i o B sl + PP AL S e YA
lt O TITTOUAOUT OCU VIVIUTTIITTCOUUTIUL VAIULU dl d HIVUII UI\PUOUIU armme \Ll,

cl; is the correction factor for gamma values at a given exposure time (7);
Iy s the original gamma value;
is the corrected gamma value.

A.§ Example

Table A.1 — Example

Colour-correction data
Ck:10,0%volume By =81 =78 k=31
fraction
Colour-correction calculation
C; E % volume fraction 5 min 15 min 30 min
cl5=0,708 cl}5=0,670 cl 5, =10,457
fo Is o Ie 115 o Te 130 o Ie
blank 100 90 80 70
51625 98 82 0,076 0,054 74 0,059 0,040 65 0,055 0,036
11,250 94 63 0,343 0,243 60 0,253 0,170 53 0,242 0,159
24,500 96 45 0,920 0,651 42 0,829 0,556 38 0,768 0,505
45,000 97 15 4,820 3,412 17 3,565 2,389 17 2,994 1,967
original equation; In7"=1,96 x In C - 5,96 In7"'=1,95xInC-6,16 INn7"'=1,90xInC-p,12
corfected equation: In"'=1,96 x In C-6,30 In7"'=1,95x1In C-6,56 Inr'=1,90xIn C-p,53
oriqinal ECy0 ¢ 10,3 11,6 12,1
corlprh:d FCLU,[ 123 14 3 151
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Annex B
(informative)

Dilution level D — Preparation of the dilution series

B.1 Principle

When testing waste water by means of a graduated dilution (D), the most concentrated test batch tésted at
which no iphibition, or only minor effects not exceeding the test-specific variability, were observed, is
expressed ps “Lowest Ineffective Dilution (LID)”. This dilution is expressed as the reciprocahvalue of| the
volume fragtion of waste water in the test batch [e.g. if the waste water content is 1 in 4 (25 %cvolume fraction)
the dilution Jevel is D = 4].

In the luminescent bacteria test, usually equal volumes of test suspension and water sample or diluted sample
are mixed. [Therefore, the dilution levels within a dilution series are D > 2 (highest sample concentration ir| the
test: 50 % dample) as a rule.

B.2 Preparation of sample

Prepare thg samples according to 7.2.

Waste-watgqr samples should be homogenized by shaking by hahd or mixing with a magnetic stirrer.

Add 20 g of sodium chloride per litre to the water samplé-or the pH-adjusted water sample. For waste-water
samples with high salt concentrations, measure the salinity and calculate the amount of NaCl (if any) reqyired
to adjust osmolarity. The resulting salt-concentration in the test samples should not exceed the osmolarity[of a
35 g/l sodium chloride solution.

Prepare thg dilution series required in a.first set of test tubes. A dilution series according to Table BJ1 is
recommended. It is prepared by means-of.a graduated dilution and combines two geometric series (D = 2,4, 8,
16, etc., and D =3, 6, 12, 24, etc.) of dilutions. For the two parallel determinations, a volume of 1 500 |l of
sample or diluted sample or controls is”sufficient.

16
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Table B.1 — Preparation of dilution series

Composition of sample dilution series
(total volume for parallel determinations:
Dilution level D 1500 W)
Water sample (7.2) Dilution water (5.2)
i ul
ForD =1
Control batches 0 1500
Test batches 1 1500 0
ForD > 2
Control batches 0 1500
Test batches 2 1500 0
3 1000 500
4 750 750
6 500 1000
8 375 1125
12 250 1250
16 187,5 1312,5
24 125 1375
32 93,75 1 406,25
Reference batches 1500 0
(Concentrations see 5.6)

The
Figdre B.1).

easiest way to prepare this dilution series is to first make two stock dilutions

1+41 ™14 1+1 1+1 1+1 1+1 1+1 1+1 1+1 1+1 1+1

in separate tes{ tubes (see

£ £ = c £ = £ = £ £ c
~ [q\] ~ ~ ~ ~ ~ ~ ~ ~ ~
b< 2 3 4 6 8 12 16 24 32 48 64

Key
1 sample

@ Dilution of sample to make in the first set of test tubes.

b Final dilution level D after addition to test suspension.

Figure B.1 — Dilution scheme

© 1SO 2007 — All rights reserved
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Dilution 1 in 1, undiluted sample 3 000 pl (final dilution in test after mixing with equal volumes of test

suspension

will be 1in 2).

Dilution 2 in 3, e.g. 2 000 pl of sample + 1 000 ul of solution 5.2 (final dilution in test after mixing with equal
volumes of test suspension will be 1 in 3).

For the preparation of further dilutions, transfer 1 500 ul of sample/diluted sample to 1 500 pl of solution 5.2 in
the test tubes, mix after each transfer.

In the luminescent bacteria test, usually 500 ul of water sample or diluted sample prepared in the first set of
test tubes are mixed with 500 ul of test suspension (see Clause 9) prepared in the second set of test tubes,

after measy
test batch f

If it is desirg¢d to test nearly undiluted water samples, it is possible to add 800 pl of the undiluted 'water sar

(7.2) to 200
test: 80 %
prepared by
extra contrg
The control

B.3 Proc
Carry out th
Carry out d

Determine
and after 3(

B.4 Eval

Calculate tH

Calculate the deviation of the parallel determination H3, from their respective mean for duplic

Hay (%) (m
controls (co

B.5 Expr

Express thg

rement of initial light intensities of test suspensions. Therefore, the resulting dilution level Diin
br light inhibition measurements is twice the dilution of the sample or diluted sample.

I of a test suspension. The dilution of sample then is 1 in 1,25 (final sample conéentration in
sample). The corresponding D value may be called D=1. The test suspension for D =
adding 4,5 ml of solution (5.5) to the resuspended bacteria, instead of 11,5 ml. For this value
| batch is needed for the calculation of the correction factor serving to,eorrect the initial val
batch is made by adding 800 pl of sodium chloride solution (5.2) to 200-l-of test suspension.

edure
e test according to Clause 9.

Iplicate determinations for each dilution.

hnd record the luminescence intensity in all testtubes, including controls, optionally after 15
min (I5q).

lation

e mean of the inhibitory effect ‘H 30 for each dilution level, in percent (see 10.1).

ean) — Hyy (%) in petcent points (one significant digit), and as a percentage of the mear
rrection factors, see*10.1).

ession ofresults

results-according to Clause 11.

the

nple
the
1 is
,an
Lies.

Mmin,

ates
for

The lowest

-value tested at which the mean inhihitory effect Hag is <20 % is called | IF);.lJ

B.6 Test

See Clause

report

14.

In addition to the data required by this part of ISO 11348, the test report should include information on the
appearance of waste water, adjustment of salinity and pre-treatment (settling, filtration, centrifugation,

aeration).

18
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