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Foreword

ISO (the Inte

rnational 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-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is
rights. ISO s

1ISO 21338 W
methods.

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting. ‘Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 147, Water quality, Subcommittee SC 5, Biolpgical
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Introduction

The method specified in this International Standard is a kinetic modification of the luminescent bacteria test
specified in ISO 11348. The kinetic method overcomes the problems arising from intense colour and turbidity
in the samples. There is no need for sedimentation or centrifugation of turbid samples, or for the correction of
colour as described in ISO 11348.

This

meas
dispsg
instru
cham
kept

temp

kinetic method uses luminometers capable of dispensing luminescent bacteria to the

uring the luminescent intensity over a period of time. In the method, the bacteriah s
nsed and mixed with the sample in the measurement chamber of the luminometer.”Se
ments are commercially available, but only a few of them are capable of cooling the r
ber to (15% 1) °C as specified in ISO 11348. However, if the bacterial suspension and test
at (15+ 1) °C in a thermo-block before the measurement and during thewhole incubatio
rature during the contact time is (15 £ 1) °C.

The Ileasurements specified in this International Standard can be carried<out using freshly prepz
I

as wi
resul
resul
inforr

| as freeze- or liquid-dried bacterial preparations. The various bacterial preparations can de

s, especially in the presence of heavy metals (see ISO 11348). The laboratories respor
s have the opportunity to select the most suitable bacterial{preparation based on expert ju
nation about the samples to be tested.

samples and
LiIspension is
eral suitable
neasurement
samples are
n, the actual

red bacteria,
liver different
sible for the
ilgement and
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INTERNATIONAL STANDARD

ISO 21338:2010(E)

Water quality — Kinetic determination of the inhibitory effects
of sediment, other solids and coloured samples on the light
emission of Vibrio fischeri (kinetic luminescent bacteria test)

NING — Persons using this International Standard should be familiar with normdl laboratory

practice. This International Standard does not purport to address all of the safety (problems, if any,

WAF1‘

asso

practices and to ensure compliance with any national regulatory conditions.

IMPC

Stangdard be carried out by suitably trained staff.

This

Pcope

nternational Standard specifies the kinetic direct-contact method for determining the inhib

suspénsions of sediment and other solid samples, and also~for problematic turbid or colou
samgles on the light emission of the marine bacterium Vibrio fischeri (NRRL B-11177).

This

The

method is applicable to:
gediment samples and water suspensions of sediments (fresh water, brackish, and seawater
¢ffluents (especially turbid and coloured);

queous extracts (e.g. leachates,-eluates, elutriates) of soil, solid waste, and other s
specially turbid and coloured):

ormative references

ollowing referenced documents are indispensable for the application of this documen

refergnces, only the“edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO

$667-16:1998, Water quality — Sampling — Part 16: Guidance on biotesting of samples

iated with its use. It is the responsibility of the user to establish appropriate |safety and health

)JRTANT — It is absolutely essential that tests conducted in accordance with this International

tory effect of
red aqueous

sediments);

olid material

t. For dated
b referenced

ISO 11348-1, Water quality — Determination of the inhibitory effect of water samples on the light emission of
Vibrio fischeri (Luminescent bacteria test) — Part 1: Method using freshly prepared bacteria

ISO 11348-2, Water quality — Determination of the inhibitory effect of water samples on the light emission of
Vibrio fischeri (Luminescent bacteria test) — Part 2: Method using liquid-dried bacteria

ISO 11348-3:2007, Water quality — Determination of the inhibitory effect of water samples on the light
emission of Vibrio fischeri (Luminescent bacteria test) — Part 3: Method using freeze-dried bacteria

© 1SO 2010 — All rights reserved
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and definitions

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

3.1

contact time
duration of contact between one object or substance and another

NOTE In the test, the contact time is the time available to control or sample for contact with the test bacteria.

3.2

control sampte

sample used in a laboratory in order to check or monitor the instrument or measurement performance|or to
monitor charljges in a sample under investigation

3.3

correction factor

dimensionleds multiplier to correct data for known influences affecting their values as measured

NOTE Infthe test, the correction factor, f,, serves to correct the initial luminescence intensity of the sample.

3.4

peak value

maximum signal recorded in response to a stimulus

NOTE In[the test, the peak value is the maximum signal which is recorded immediately after all the bacteria fare in
contact with the sample.

3.5

reference sgmple

when the eff¢ct or behaviour of a substance is known from previous tests (reference substance) and wheh this
substance id examined within the framework of atest series as test sample, this is called the refefence
sample

NOTE Adapted from I1ISO 5667-16:1998.

3.6

test sample

test sample [s made from the sample by means of various preparatory steps specific to the sample and the

test, e.g. by dissolving, homogenizing, sedimenting, filtering, neutralizing or aeration

[ISO 5667-1¢

:1998]

4 Principle

The inhibitio

n of Night emission by cultures of Vibrio fischeri 1S measured Kinetically by following the light

emission of cultures from the very beginning of the assay. This is accomplished by dispensing the luminescent
bacteria suspension into the sample in a cuvette or other suitable vessel (e.g. microtiter plate) already in the
measuring position in the luminometer. The light emission is measured and recorded from the moment of
dispensing of the bacterial suspension to the sample until the maximum value has been reached and not only
at the maximum value of intensity (peak value) which usually occurs within 5 s of mixing, and after a contact

time of 15 mi

n and 30 min or optionally 5 min (Figure 1).

© 1SO 2010 — All rights reserved
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fischeri suspension is dispensed and mixed into the sample in the measurement chg
ometer.

The {est criterion is the decrease of the luminescence at each endpoint compared to the peak
into gccount a correction factor, f,, which is-measured from intensity changes of control sampl
expogure time. The inhibitory effect of thesample can be determined as the lowest ineffective
, or as effective concentration (EC5, or ECgp) values by means of dilution series (e.g. as
C). The LID value is the most.concentrated test batch tested at which the inhibition of ligh

ical analysis. The inhibition by a sample is expressed as the concentrations which results

data [see’ Anhex B).

Figure 1 — Principal schematic protocol for the-kinetic luminescent bacteria test

mber of the

value, taking
bs during the
dilution (LID)
described in
t emission is
hically or by
in 20 % and

light reduction compared to the blank (EC,y and ECgg). This value is interpolated within the dilution

hin the same
rations yields
oncentration
with existing

5 Interferences

Volatile substances or substances which react with the dilution water or the test suspension, or alter their state

during the test period, may affect the result or impair the reproducibility of the test results.

Since oxygen is required for the bioluminescence (Reference [18]), samples with high oxygen de
oxygen concentration) may cause deficiency of oxygen and be inhibitory.

Readily biodegradable nutrients
bioluminescence (Reference [19]).

in the sample may cause a pollutant-independent

© 1SO 2010 — All rights reserved
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Samples with a pH outside the range 6,0 to 8,5 affect the luminescence of bacteria (References [18][20]).
Adjust the sample when the toxic effect of pH is not of interest.

As the test organism Vibrio fischeri is a marine bacterium, testing salt water samples with the standard
procedure often leads to stimulation effects of bioluminescence, which may mask inhibition effects (see
ISO 11348-3:2007, Annex D).

Salt concentrations in the initial sample exceeding 30 g/l NaCl or contents of other compounds giving equal
osmolarity may lead, together with the salt spiking required by the test, to hyperosmotic effects. The resulting
salt concentration in the test samples should not exceed the osmolarity of a 35 g/l NaCl solution in order to
avoid these effects.

6 Reage

During the

6.1 Test
NRRL B-111

The bacterid

ISO 11348.

concentration (example: ISO 11348-3:2007, variant B).

6.2 Sodiu

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

6.3 Sodiu

6.4

For the adjus

6.5 Soluti

20,0gs

2,035

0,30gp

Dissolve in W

6.6

A

[«

distilled or dg

Hydro|

Referencesubstances:

nts and materials

nalysis, unless otherwise stated, use only reagents of recognized analytical' grade and
mineralized water or water of equivalent purity.

bacteria. Use a strain of luminescent bacteria belonging to the.\species Vibrio fis
77.

| suspensions used for toxicity measurements are prepared <according to the instructio)
Dilute the bacterial suspension before the assay from the sto¢ck suspension to the meas

m chloride solution, as diluent.

m hydroxide solution, e.g. ¢(NaOH) = 1 mol/l.
chloric acid, e.g. ¢(HCI) = 1 mol/l.
tment of the pH it may be necessary to use acids or bases of lower or higher concentration.

bn for freeze-dried bacteria.

bdium chloride (NaCh;

magnesium chloride hexahydrate (MgCl,-6H,0);
btassiumchloride (KCI).

ater and make up to 1 | with water. Store the solution in portions in a freezer at -18 °C to -2

only

cheri

ns in
uring

D °C.

Prepare the following three separate reference substance solutions with sodium chloride solution (6.2) as
diluent without adjustment of the pH for the use of freeze-dried bacteria:

a) 6,8mg/l
b) 19,34 m
c) 1058m
4

3,5-dichlorophenol (DCP, CgH,OCl,);
g/l zinc sulfate heptahydrate (ZnSQO4-7 H,0);

g/l potassium dichromate (K,Cr,0O7).

© 1SO 2010 — All rights reserved
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The concentrations in a) to ¢) are approximately twice the expected ECg values for the respective reference
substances in ISO 11348-3. For concentrations of reference substance solutions for freshly cultured or
liquid-dried bacteria, see ISO 11348-1 or ISO 11348-2. The volumes required depend on the test set-up.

NOTE 1 It is possible to use commercially available chemical preparations with defined concentrations of ZnSO,4 and
KoCr,07 for the preparation of the solutions of the reference substances.

NOTE 2  For more information about reference substances, see Reference [22].

7 Apparatus

Usuag| laboratory equipment, and in particular the following.
7.1 | Freezer, for the storage of preserved bacteria.

7.2 | Incubator or refrigerator, to maintain the solution for freeze-dried bacteria (6.5) at a temperature of
4+3) °C.

7.3 | Thermostatically controlled thermo-block, to maintain the test.samples and the {ibrio fischeri
suspension at a temperature of (15 + 1) °C. Within one test, the temperature deviation should be at most
+0,3 [C.

7.4 | Luminometer, equipped with at least one dispenser (minimum injection volume 0,2 ml).

The instrument shall be capable of measuring and recording the luminescence continuously at Igast for 5 s in
0,2 s|intervals or shorter. The injection and recording shall be performed simultaneously.

7.5 | Test tubes, cuvettes, test plates or any othérsuitable test vessels, made of chemically inert material,
appropriate for the selected luminometer.

7.6 | pH-meter.

7.7 | Chronometer.

7.8 | Piston pipettes, nominal capacity 100 pl to 1 000 ul, ISO 8655-2[3].

7.9 | Mixer, e.g. vortex mixer, for mixing the samples before the measurements.
7.10 | Conductometer.

7.11 | Oxygen probe, as specified in ISO 5814.

7.12 | Sieve,.nominal size of openings 2 mm, I1SO 565!].

8 Sampling and sample pre-treatment

8.1 Sampling

Collect the samples in chemically inert, clean containers as specified in 1ISO 5667-16. Fill the containers
completely and seal them. Cool the samples on ice, or in a refrigerator or a cooling box at 2 °C to 5 °C and
test them as soon as possible after collection. Where necessary, store samples at a temperature of 2 °C to
5 °C in the dark for no longer than 48 h. If the samples have to be frozen store them at a temperature of
—18 °C or below in the dark for no longer than 2 months. Prepare and measure frozen samples immediately
after thawing in a water bath. For long-term storage, the samples may be freeze-dried and stored in the dark
at room temperature. Do not use chemicals to preserve the samples. Perform the necessary pH adjustment
and salt addition just before testing.

© 1SO 2010 — All rights reserved 5
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8.2 Sample preparation
Sieve the samples to remove any coarse material (e.g. plant roots and particles larger than 2 mm).

Suspend sediment samples in water (e.g. 20 % mass fraction) by vigorous shaking (vortexing) in order to
obtain homogeneous suspensions (Reference [22]). Also, mass fractions higher than 20 % can be measured
if the suspensions stay homogeneous during the whole measurement.

Measure the oxygen concentration in all samples and sample water suspensions. An oxygen concentration
>3 mg/l is required for the test. If the oxygen concentration of the undiluted sample is less than 3 mg/l, use
appropriate methods to oxygenate the sample, e.g. aeration or stirring.

Measure thg pH of all samples and sample water suspensions. If the pH is between 6,0 and '8)p, no
adjustment i$ necessary. The adjustment of the pH value, however, may alter the nature of the-sample¢. On
the other hand, the pH of the sample and the pH of the test batch can differ because of the buffer.capagity of
the test medium. It may be necessary to carry out tests on both the pH-adjusted and the men-pH-adjusted
samples.

U OT

If necessary| adjust the pH of the samples by adding either hydrochloric acid (6/4)) or sodium hydrpxide
solution (6.3). Depending on the purpose of the test, the pH may be adjusted to7,0 +£ 0,2 or to the lipper
(8,5+0,2) or lower (6,0+0,2) limits. Choose the concentration of the hydrechloric acid or the sqdium
hydroxide sojution to restrict the volume added to not more than 5 % of total volume.
Add 20 g of godium chloride per litre to the sample or to the neutralized.sample.

For salt water samples, 1ISO 11348-3:2007, Annex D gives further information.

9 Procedure
9.1 Initial|preparations

9.1.1 Prepgration of test solutions

Prepare the |reference samples according*to 6.6. Test each batch of bacteria after delivery with all [three
reference supstances. Test at least ofne)of the three reference substances with each vial of stock suspension
reconstituted.

Prepare the $amples accordingto 8.2.

Prepare, in the first settof-test tubes (7.5), the sample dilution series, the reference sample (6.6) and the
control (6.2) fequired,

Serially dilute the Ysample. Make the dilutions in separate tubes and transfer them to the measurgment
cuvettes or plates. Normally, in this test, equal volumes of test suspension and sample (or diluted samplqz) are
mixed, giving tesied dilufion Tevels within a series of D > Z.

The minimum dilution which can be tested is 1,00 in 1,25, prepared by mixing 4 volumes of sample with
1 volume of test suspension (e.g. 800 pl sample plus 200 ul test suspension). The corresponding D value is 1.
For this D value, an extra control batch is needed which is made up by adding 200 pl of the test suspension to
800 pl sodium chloride solution (see Annex C).

Maintain the test tubes containing the sodium chloride solution (6.2) for controls, the reference samples (6.6),
the samples (8.2) and the samples of the dilution series (Annex C) at (15+ 1) °C.

Choose test conditions which ensure that the maximum temperature deviation in the thermo-block within one
test is no more than +0,3 °C.

6 © 1SO 2010 — All rights reserved
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9.1.2 Preparation of test suspensions

Prepare the luminescent bacterial stock suspension for the test according to the instructions for freshly
cultured (ISO 11348-1), liquid-dried (ISO 11348-2) or freeze-dried (ISO 11348-3) bacteria test.

Prepare the test suspension used in the kinetic test as specified, for example, in 1ISO 11348-3:2007, 8.3.3,
Variant B, where the test suspension is prepared outside the test tubes. Dilute reconstituted bacterial
suspension with solution (6.5) to form the test suspension before starting the test.

Store the luminescent bacteria test suspension for the measurement (cell concentration about 2 x 108 cells/ml)
at (4 * 3) °C. The suspension is ready to use after a mlmmum of 30 min in a refrigerator and can be used for

Before initiating the measurement, store the test suspension at (15 = 1) °C for at least 30 mijn:

9.2 | Test procedure

I~

Carry out duplicate or triplicate determinations per dilution level at a test temperature of (15 + 1) °[C.

Set the dispensing volume from 200 pl to 500 ul (equal to the sample volume)’and prime the dispenser with
the Wibrio fischeri bacterial test suspension.

Mix (7.9) the samples well and pipette 200 ul to 500 ul of each well-hémogenized sample into thelluminometer
cuveites or microtiter plate wells depending on the instrument used. If the sample contains lafge particles,

cutting the sharp point of the pipette tip can facilitate the pipetting. Wider pipette tips are also pommercially
available.

Load| the sample cuvette (or microtiter plate) into the duminometer and start the run by disp¢nsing Vibrio
fischeri bacterial suspension into the cuvette. Determineand record the maximum luminescencg value of the
test $uspension during the first 5s of contact (atcleast 5 measurements/s). The maximum Iiminescence
intensity is the peak-value, 7. Immediately after the measurement, put the cuvette back into the ihcubator and
meagure the next cuvette. Repeat this process for each sample and control. When a microtiter plate reader is
used| run the controls and test sample dilutioh-series immediately before transferring the plate to the incubator.
Storg the cuvettes at (15 + 1) °C during the.incubation.

Detefmine and record the lumineseence intensity after, optionally 5 min, I, and again after 15 min, 7,5, and
30 m|n, I3, as required. Mix the samples by hand before each measurement. Repeat this procedure for every
contrpl and sample.

Interyals of 30 s between the-samples have been found adequate to allow sufficient time for the r¢adings to be
made and the change of'the cuvettes.

10 Evaluation

10.1| Inhibitory effect on luminescent bacteria

(P25 th fio ot £ fa th LP-V-C 3 Ti (E. H 15 20 ) f +H
Ca|C rate—the—eofrecton |aulcr, TR for—the—corRtact—tme 14 mui"-, |u|||in OF—50 mui"-, Hrofm—tHe measured

luminescence intensity using Equation (1). This factor serves to correct the initial values, I, of all test samples
before they can be used as reference values for the determination of the water-dependent decrease of
luminescence.

1
St =Iip’ (1)

where

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

© 1SO 2010 — All rights reserved 7
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suspension immediately after dispensing the bacteria into the sample.

is the maximum luminescence intensity (the peak value), in relative luminescence units, of the control

Calculate the mean correction factor ?kt. Find the deviation of the individual replicates from the mean,
expressed as a percentage to one significant figure, using Formula (2):

(?kt_ifkt,i) 100 @)
sz
where f, ; is pitherofthe-two-individual values of the-correction-factor.
Calculate the corrected value of I, for test sample cuvettes (corrected peak intensity value), Y., psing
Equation (3):
Iy =1Io| fi (3)
where
S is tle mean of £,
I, is the maximum luminescence intensity (the peak value), in relative luminescence units, of the test

Sus

Calculate the

pension immediately after dispensing the bacteria into the sample.

as a percentage, using Equation (4):

I

1, =
where

I, isth

I, st

rel

Calculate thg
Calculate the

H (%) -

=11 100

Ct

e corrected peak intensity value given by Equation (3);

e luminescence intensity of the test sample after the contact time (5 min, 15 min or 30 m
ive luminescence units.

mean of thednhibitory effect H, for each dilution level, expressed as a percentage.
arithmeticdifference, expressed in per cent points to one significant figure:

7, (%)

inhibitory effect of a test sample after the contacttime (5 min, 15 min or 30 min), H,, exprgssed

(4)

where

H,; is either of the two individual values of the inhibitory effects of at least one test sample;

H, is the respective mean value.

10.2 Determination of EC values

Calculate the concentration-effect relationship for each exposure time using suitable standard linear or
non-linear regression analysis (see Reference [19]).

© 1SO 2010 — All rights reserved
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For evaluation of the relationship between concentration and effect using a linear regression technique,
calculate the gamma value (ratio of light lost to the amount of light remaining at time ¢), 7;, for each dilution
level of the test sample after the contact time (5 min, 15 min or 30 min) using Equation (5):

Hi

‘T 100—H,)

where H, is the mean of the values of H, obtained by Equation (4).

NOTE When a certain test concentratlon gives 0 % or 100 % |nh|b|t|0n of blolumlnescence the gamma

be c&
concsy

The ¢

wher

i
I

By n
corre

For n
pack
distri

H,, can be used directly to estimate parameters of the non-linear concentration-effect relationshi

ECv

If ad
doub

gc,=blgl,+lga

ntration- effect relatlonshlp

W

percentage;

~]

is given by Equation (5);
is the value of the slope of the described line;
h a is the value of the intercept of the described line.

heans of standard least-squares regression statistics, calculate the EC,; and ECg,
sponding confidence limits, in which:

.= ECyy, at I;=0,25
,=ECsq, at I;=1,00
on-linear regression analysis, various models are available within standard graphic or statisji
pution (i.e. Logit analysis), or the Weibull distribution (i.e. Weibull analysis). Calculated inhiI

blues for any level might subsequently be derived (see Reference [19]).

e logarithmic coordinate system.

11 Expression of results

Report the results in accordance with the example in Table 1.

©I1SO

2010 — All rights reserved

hges. They are typically based on functions of the normal distribution (i.e. Probit analysis),

(®)

value cannot

lation of the

oncentration-effect relationship at a given exposure time can often be described by, the’ linegr equation:

(6)

is the portion of the sample (e.g. water or sediment) within,\the test sample, expfessed as a

values with

cal software

the logistic
itory effects,
, from which

urve cannot be fitted to the range of value pairs, the EC values can be estimated graphically using a
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Table 1 — Example of test evaluation — Sample: River sediment suspension 50 g/l

Control experiments

Measured values Validity test
Ct:)ar:::rr?l Dilution level IkaolTy 7 Deviation from the
number D A Lo =/ 30 k30 mean /5,
b
1 2a 1393 1025 0,7358 0,7381 0,31
2 1390 1029 0,7403
Fest-experiments
Validity test
Test batch | Dilution level Measured values , Hy, H30 ?ﬁ;’;‘ai:’: A
number D c30 meanc 30
I, I3y % % % points
1 ) 246 7,1 181,6 96,1 95,55 0,5 21460
2 228 8,4 168,3 95,0
3 4 403 13,2 297.4 95,6 95,44 0,1 20,020
4 369 13,7 292,3 95,3
5 8 640 66 472,4 86,0 85,15 0,9 6,492
6 646 75 476,8 84,3
7 16 897 280 662,0 57,7 54,80 2,9 1,305
8 893 317 6591 51,9
9 32 1089 562 803,7 30,1 29,64 0,4 0,494
10 1064 556 785,3 29,2
11 o4 1225 740 904,1 18,2 16,08 2,1 0,207
12 1188 754 876,8 14,0
13 128 1311 863 967,6 10,8 8,61 2,2 0,094
14 1261 871 930,7 6,4
Reference substance
3,4 mg/l DCP or
15 2,2 mg/l Zn ox 966 296 713,0 58,5 57,42 1,1 1,348
18,7 mg/kCf:
16 925 298 682,7 56,3
NOTE 1 In thisrexample, the lowest value of D tested, at which the mean inhibitory effect, Hzg <20 %, LID,, = 64
NOTE 2 In this example, EC,q = 905 mg/l; ECy, = 2,34 g/l (standard least-square statistics).

NOTE 3 Dilution levels D = 2 and D = 4 were rejected from the calculation.

a8  See AnnexC.

b For the control batch, the deviation from the mean j_‘kgo is determined by the arithmetic difference of the parallel determinations
from the mean, divided by the mean expressed in % [Formula (2)].

€ For the test batch, the deviation of the H,-values (in %) of the parallel measurements from the mean is calculated as the arithmetic
difference of each H,;-value (in %) from the mean Hjg (in %) (called % points).

10 © 1SO 2010 — All rights reserved
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Report the test duration.

Report the EC,4 and ECg values and the method for the derivation of these values.

If determined, report the lowest value of D tested, at which the mean inhibitory effect, H35 <20 %, LID, (see

ISO

11348-3:2007, Annex B).

Report the type of bacterial preparation used.

12

The test is valid if:

Criteria of validity

the 1 4 value for 30 min incubation ranges between 0,6 and 1,8;

the I, (peak value) of the sample is >5 % of I, of the control sample;

e parallel determinations do not deviate from their mean by more than3 % for the control s

r the test samples which determine the LIDy,, EC, or ECggvalues, respectively, the de
arallel determinations from their mean, in % points, dges” not exceed 3 % points (
fFootnote c).

bmples;

iation of the
see Table 1,

Becapuse different bacterial preparations (freeze-dried, liquid+dried and freshly prepared) have sli

ECs

their
(6.6)

the fgllowing concentrations in the final test suspension:

suspgnsion vial reconstifuted for the actual test (9.2) causes 20 % to 80 % inhibition after 30 min

13
The

a)

solutions not neutralized, check separately) cause 20 % to 80 % inhibition after 30 min of ¢

3,4 mg/l 3,5-dichlorophenaol;
2,2 mg/l Zn(ll) (equivalent to 9,67°'mg/l zinc sulfate heptahydrate);
18,7 mg/l Cr(IV) (equivalent'te'52,9 mg/l potassium dichromate).

of these three referenee substances (6.6) (solution not neutralized) tested in parallel tg

[est report

htly different

values with the reference chemicals, the operators‘are recommended to follow the validity griteria set for
bacterial preparation. For the batch of freeze-dried bacteria delivered, the three referencg substances

ntact time at

each stock
contact time.

trst feport shall contain at least the following information:

the test method used, together with a reterence 10 this International Standard (IS0 215356:20

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

0);

pH and oxygen concentration, in milligrams per litre or as a percentage saturation, of the original water

sample or the water suspension of the solid sample before testing;
date of carrying out the test;
sample pre-treatment, if any, e.g. pH before and after adjustment;

bacterial preparation;

© 1SO 2010 — All rights reserved
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g) origin of the bacteria, batch number, date of delivery, and expiration date;
h) storage temperature of the bacteria;
i) expression of the results, as specified in Clause 11, Table 1;

j)  all operating details not specified in this International Standard, or regarded as optional, together with
details of any incidents which may have influenced the test result(s);

k) test results with reference substances for the batch of bacteria and the actual test.

12 © 1SO 2010 — All rights reserved
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Annex A
(informative)

Precision data
To evaluate the applicability of the method for testing toxicity of coloured and turbid samples, an

interlaboratory trial was organized in April 2007. Altogether, eight laboratories participated in the comparison.
Two participants reported results from measurements using two different instruments.

A.1 [Samples

The fpllowing four samples were sent to the participants:

a) 1: synthetic water sample, spiked with 20 mg/l 3,5-DCP (toxic reference Substance);
b) V2: coloured river water sample (non-toxic);

c) $1: sediment sample (freeze-dried), river sediment from the recipient of an old sawmill (toxic);
d) $2: sediment sample (freeze-dried), clean river sediment (non-toxic).

The samples were prepared and their homogeneity as well“as preservation were checked in Weptern Finland
Environment Centre, Kokkola laboratory.

Before testing, samples S1 and S2 were -prepared by mixing 0,59 freeze-dried s¢diment into
10 m| NaCl solution (6.2).

A.2 (Analytical methods

Labqgratory Instrument®

-
QO

LKB-Wallac 1251 Luminometer, Tube Luminometer, Carousel

o

Triathler,, Tube Luminometer

Sirius-Berthold Detection Systems, Tube Luminometer

[Xuminoscan 1251 Carousel, Tube Luminometer

o

Plate Chameleon V, Microtiter Plate Luminometer

Luminometer Sirius 142, Tube Luminometer

1251 Luminometer (Bio-Orbit), Tube Luminometer

Sirius 1-Berthold, Tube Luminometer

Ol | N[N

1251 Luminometer (Bio-Orbit), Tube Luminometer

-
o
[+

Labsystems Fluorosan Ascent FL, Microtiter Plate Luminometer

a. b Participants reported results from measurements using two different instruments (tube luminometer and plate luminometer); they
were numbered separately. Number of participants = 8, number of data sets = 10.

¢ The trade names listed in this column are given for the information of users of this document. Such listing does not constitute an

endorsement by ISO of the products named.

© 1SO 2010 — All rights reserved 13
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A.3 Resul

ts

Two participants reported results from measurements using two different instruments. The results of
laboratories 2 and 5 were rejected from the performance evaluation because of errors in the measurements
and calculations.

A summary of the results is presented in Table A.1 and the more detailed results of the comparison are

presented in Tables A.2, A.3 and A 4.

The EC,y and ECg values were calculated according to Equations (5) and (6).

The mean value, the standard deviation, and the coefficient of variation were calculated after rejection_¢f the
outliers by tle Hampel test. The robust mean value was chosen as the assigned value. Performanee-¢f the
participants was evaluated by using z-scores.
The repeatability, s,,%, and reproducibility, s,%, of the method were tested according to,ANOVA stafistics
from two pargllel measurements (Table A.3).
All participanits found samples V1 and S1 toxic and samples V2 and S2 non-toxic.
The performance evaluation was performed only for the toxic samples (V1 and $1). In samples V2 and §2, no
inhibition of luminescence intensity was detected, indicating that the samples‘were not toxic.
In this comparison, 84 % of the results were acceptable, when the deviation of 30 % for the water sample V1
and 50 % deyiation for the sediment sample S1 was permitted (equivalent to 95 % significance).
Water sample V1 was spiked with 3,5-dichlorophenol in orderitecalculate the ECgj value for this refgrence
substance. The reference substance caused the inhibition betiveen 20 % to 80 % after 30 min contact tine.
Table A.1 — Summary of results received: EC,, and EC;, values
Laboratory Sample V1 Sample V2 Sample S1 Sample S2
ECyg ECyg EGC5 ECyq ECyg ECyg ECyg EGy,
% % % % mg/| mg/| mg/| mg/|
1 9,7 14,1 >502 >50 540 1516 >25 0002 >25 P00
2 11,8 17,3 >50 >50 2 268 5895 >25 000 >25 P00
3 9,1 12,2 >50 >50 1660 3298 >25 000 >25 P00
4 16,0 20,8 >50 >50 813 2123 >25 000 >25 P00
5 1T 22,6 >50 >50 2 593 7 961 >25 000 >25 P00
6 6,1 12,6 >50 >50 833 2237 >25 000 >25 P00
7 11,5 15,6 >50 >50 548 1490 >25 000 >25 000
8 8,1 11,4 >50 >50 833 1166 >12 572 >25 000
9 11,5 13,9 >50 >50 449 914 >25 000 >25 000
10 9,9 13,9 >50 >50 613 2216 >25 000 >25 000
NOTE 1 The values are means of two measurements of each laboratory.
NOTE 2  The results of laboratories 2 and 5 have been rejected from the performance evaluation.
@  Highest tested concentration.
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Table A.2 — Summary of the proficiency test: robust values

Effective concentration causing

20 % 50 % 20 % 50 %
Data luminescence | luminescence | luminescence | luminescence
inhibition inhibition inhibition inhibition

ECy ECsp ECyp ECsp
Sample V1 V1 S1 S1
Unit % % mg/| mg/|
Assi¢ned value 9,9 13,4 707 1798
Mea+ value 10,4 13,9 786 1867
Robllst mean value 9,9 13,4 707. 1798
Median value 1.1 14,2 821 2203
Stanpard deviation, s,p,, absolute value 2,6 2,1 225 704
Stanpard deviation, syop, % 26,2 16y5 31,9 39,2
No. ¢f labs (participants) 10 10 10 10
Twicp target standard deviationa, 2Starg'% 30 30 50 50
Accdpted z-valueb,% 60 70 70 70
a 5 % Confidence level.
b Satisfied z-values: the results where |z| < 2.

Table A.3 — Results of the duplicate determinations: ANOVA-statistics
Effective concentration causing
20 % 50 % 20 % 50 %
Data luminescence | luminescenc | luminescence | [uminescence
inhibition € inhibition inhibition inhibition

EC, ECs EC, ECq,
Sample V1 V1 S1 S1
Unit % % mg/| mg/|
Assigpned value 9,9 13,4 707 1798
Mealm 10,4 14,3 795 1893
Median value 9,9 13,6 654 1713
Repaatability-standard-error—sy-absoldte-value 6-68 666 164 234
Repeatability standard error, s, % 6,6 4,6 20 12
Standard error between laboratories, s, absolute value 2,9 3,0 390 762
Standard error between laboratories, s, % 28 21 49 40
Reproducibility error, s;, absolute value 3,0 3,1 422 797
Reproducibility error, s, % 29 22 53 42
No. labs 9 9 8 8

© 1SO 2010 — All rights reserved
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Table A.4 — Precision data for freeze-dried bacteria

Effective concentration causing
3,5-Dichlorophenol, sample V1 20 % luminescence inhibition | 50 % luminescence inhibition
ECy ECso
No. labs, p 8 8
No. data sets, n 10 10
No. outliers, nap 2 2
Mean concer'tration, ; mg/l 1,98 2,78
Reproducibiliy standard deviation, sz, mg/| 0,57 0,61
Coefficient of variation of reproducibility, Cy g, % 28,8 21)9
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