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Foreword

ISO (the International Organization for Standardization) is

federation of national standards bodies (ISO member bodies).
preparing International Standards is normally carried™out

technical committees. Each member body interested'ifh a subje
a technical committee has been established has theight to be
on that committee. International organizationsS:governments
governmental, in liaison with ISO, also take.part in the work.
orates closely with the International Electrotechnical Commissi
all matters of electrotechnical standardization.

Draft International Standards adopted by the technical com
circulated to the member bodies.for voting. Publication as an |
Standard requires approval hy at least 75 % of the member bo
a vote.

International Standard¥SO 11348-3 was prepared by Technica
ISO/TC 147, Water'quality, Subcommittee SC 5, Biological meti

ISO 11348 consists of the following parts, under the genera
quality — Determination of the inhibitory effect of water sam
light emission of Vibrio fischeri (Luminescent bacteria test) :

Rart 1: Method using freshly prepared bacteria

Part 2: Method using liquid-dried bacteria

Part 3: Method using freeze-dried bacteria

Annexes A, B and C of this part of ISO 11348 are for informatio
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Introduction

Measuremgnts according to this International Standard can be carried out
using freshly prepared bacteria, as well as freeze-dried or liquid-dried
bacterial pr¢parations.

Standardizq
ISO/TC 147
techniques
contain heg

d work carried out by DIN NAW WI and
/SC 5 WG 1 has shown that in special cases these different
may give different results, especially where water samples
vy metals.

Such varyi

g sensitivity is caused by differences in media composition

used in the preparation of freeze-dried or liquid-dried bacteria. These
protective media influence the bioavailability of toxicants and/or the light
emission off luminescent bacteria. This means that the origin and type_of
preparation| need to be taken into account when interpreting the results.
This can b¢ difficult sometimes, as freeze-dried and liquid-dried bacteria
may be obfained from different suppliers. This in turn can mean’that the
composition is not known in detail or cannot be revised by the user.

That is y in this International Standard, in addition to toxicity
measuremgnts with liquid-dried bacteria (ISO 11348-2) and freeze-dried
bacteria (1$0 11348-3), a procedure with freshly prepared bacteria is
described (|SO 11348-1), the performance of which can be revised by the

user in eve

The labora
the most s
about the wj

y detail.

ries responsible for the restits have the opportunity to select
litable technique based pn.expert judgement and information
ater sample to be tested.
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Water quality — Determination of the inhibitory effect of water

samples on the light emission of  Vibrio fischeri (Lumineseent

bacteria test) —

Part 8:

Methpd using freeze-dried bacteria

1 Scope

ISO 11348 describes three methods for determining thelinhibition of the luminescence emitted by|the marine

bacterium Vibrio fischeri (NRRL B-11177). This part of SO 11348 specifies a method using freeze-dried [bacteria.

This method is applicable to:

— waste water,

— aquegous extracts and leachates,

— fresh} waters (surface or ground-waters) or salt and brackish waters, especially the monitoring of|changes in
inhikition towards bacteria,

— pore|water.

2 Normative references

The folloying standards contain provisions which, through reference in this text, constitute provisions of this part of

ISO 11348.-At the time of publication, the editions indicated were valid. All standards are subject to revision, and

parties toagreements based o this part of 1ISO 11348 are encouraged 1o mMvestgate the possibitity of applying the

most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently valid
International Standards.

ISO 5667-16:1998, Water quality — Guidance on biotesting of samples.

ISO 7027: —1), Water quality — Determination of turbidity.

1) Tobe

published. (Revision of ISO 7027:1990)
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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 cuvette. The test criterion is the decrease of the luminescence, measured after a contact of
15 min and 30 min, or 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 EC5,q and/or ECgg values by means of a dilution series.

The dilution level resulting in < 20 % of inhibition of light emission is determined. For higher levels of inhibition the

dilution-effect relationship can be determined graphically or by statistical analysis. The inhibition by a sample is

expressed ps—the—diotens—whichresut-r—20-3%ond-50-34tightreductenr—comparedtothe BlarkA{(ECogahnd ECgp).
These valugs are interpolated within the dilution series.

4 Interferences

Insoluble, glightly soluble or 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.

Losses of lyminescence caused by light absorption or light scattering may occtup in the case of strongly cdloured or
turbid watefs. This interference sometimes can be compensated, e.g. by.using a double-chambered ajpsorption
correction duvette (see annex A).

Since oxygeén at > 0,5 mgl/l is required for the bioluminescence, samiples with a high oxygen demand (and/or a low
oxygen congentration) may cause a deficiency of oxygen and be. ihibitory.

An organic| contamination of the sample by readily biodegradable nutrients (e.g. urea, peptone, yeast extract,
usually = 1p0 mg/l) may cause a pollutant-independent reduction in bioluminescence.

Salt concentrations in the initial sample exceeding~30 g/l NaCl or contents of other compounds giving equal
osmolarity fmay lead, together with the salt spiking required by the test, to hyperosmotic effects. If the sample
contains befween 20 g/l and 50 g/l NaCl-equivalents, no salt shall be added. The resulting concentration ip the test
samples shhll not exceed the osmolarity of a'35 g/l sodium chloride solution.

5 Reaggnts and materials

Chemicals ¢f recognized apalytical grade quality shall be used. Water shall be distilled or of equivalent purity.

5.1 Test bacteria

Strain of luminescent bacteria belonging to the species Vibrio fischeri NRRL B-11177. The bacterial sugpensions
used for toxieity measurements are prepared from commercially available freeze-dried reagents which can be
stored in a =18° =20° i ing i ituti  ready to

be used for the test.

5.2 Sodium chloride solution, as diluent

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

5.3 Sodium hydroxide solution, ¢(NaOH) =1 mol/l

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

NOTE For the adjustment of the pH it may be necessary to use acids or bases of lower or higher concentration.
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5.5 Solution for freeze-dried bacteria

— 20,0

g Sodium chloride (NaCl)

— 2,035g Magnesium chloride hexahydrate (MgCl,-6H,0)

— 0,30

Dissolve

g Potassium chloride (KCI)

in water and make up to 1 litre with water. The solution can be stored in a freezer at —20 °C.

5.6 Reference substances

— Zinc
— 3,5

— Potd

6 App

6.1 Fregzer for the storage of preserved bacteria.

6.2 Reffigerator to maintain the stock suspension at a temperature of 3 °C + 3 °C.

6.3 The
Within orj

6.4 Lum

6.5 Tes
capacity

6.6 pH-
6.7 Chr
6.8 Pist
6.9 Pist
6.10 Re

6.11 Co

sulfate heptahydrate (ZnSOy4-7H,0)
Dichlorophenol (CgH4OClI,)

ssium dichromate (KoCro,07)

Aratus

Fmostatically controlled thermoblock to maintain the test samples at a temperature of 15
e test the temperature deviation shall be at most + 0,2°C.

inometer , measuring cell maintained at 15 °C #,1 °C, equipped with suitable cuvettes.

tubes (vials) , made of a chemically inert.material, appropriate for the selected luminometer ar
which facilitates the taking of a reading-gver the largest possible surface area.

neter.

bnometer.

bn pipettes for plastie,syringes, nominal capacity 10 pl, 500 pl and 1 000 pl.
bn pipettes  withvariable volume, 10 ml to 200 ml and 200 pl to 5 000 pl.
frigerated\centrifuge.

nductometer.

7 Sampling and sample pretreatment

7.1 Sampling

3:1998(E)

°Ct1°C.

d having a

Sampling shall be conducted in chemically inert, clean containers in accordance with 1SO 5667-16. Fill the
containers completely and seal them. Test the samples as soon as possible after collection. Where necessary,
store samples at a temperature of 2 °C to 5 °C in the dark in glass for not longer than 48 h. For periods up to two
weeks, store at —20 °C. Do not use chemicals to preserve the samples. Perform the necessary pH adjustment and

salt addit

ion just before testing.
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7.2 Sample preparation
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Measure the pH of all samples. If the pH lies between 6 and 8,5 there is generally no adjustment necessary. pH-
adjustment, however, may alter the nature of the sample. On the other hand, the pH of the sample and the pH of the
test batch may differ because of the buffer capacity of the test medium. It may be necessary to carry out tests on

both the pH

-adjusted and the non-pH-adjusted samples.

If necessary, adjust the pH of the samples to 7,0 £ 0,2 by adding either hydrochloric acid (5.4) or sodium hydroxide
(5.3); choose the concentration of the hydrochloric acid or the sodium hydroxide to restrict the volume added to not
more than 5 % of total volume.

waters, meg

Strongly tur
should be fi

sure the sallnlty and calculate the amount of NaCI (if any) requwed to adjust the osmolarlty (€la]

bid samples should be allowed to sediment for 1 h or centrifuged, for example for 10 minat 5
tered.

8 Procedure

8.1 Prepd

8.1.1 Initig
Prepare the
Prepare the

For control

ration of stock suspensions

| preparations
samples according to 7.2.
dilution series required (see annex B).

samples, maintain the NaCl solution (5.2) at 15 °€+ 1 °C.

Maintain th¢ test tubes containing controls, the samples,of the dilution series and the diluent (5.2) at 15 °C

Remove the¢ vial of the freeze-dried culture from the —20 °C freezer immediately before reconstitution in w

the reconst

Pour this vq
during the r
Since itis i
do not use

This recons

The stock S
Refrozen, r

After a wait

tution, cool 1 ml of distilled water i a'glass test tube to 3 °C = 3 °C.

lume of cooled water all at once into the lyophilized bacteria in the vial, thereby minimizing cel
bhydration process.

portant that water is ‘added quickly to allow the bacteria to come into contact with the water
pipette. The exactwolume of water is not critical.

tituted luminescent bacteria suspension serves as a stock suspension; it shall be stored at 3 °
uspension €an be used for testing purposes as long as the validity criteria stated in clause 11
phydrated\bacteria can be used for preliminary tests only.

ng-4ime of at least 5 min, prepare the test suspensions from the stock suspension.

and saline
use 4).

000 g, or

t 1 °C.

ater. For

damage

suddenly,

C+3°C.
are met.

8.1.2 Variant A

Prepare the test suspensions directly in the test tubes.

Add 10 pl aliquots of the stock suspension to 500 pl of the solution (5.5), contained in cuvettes maintained at
15 °C = 1 °C, at the same intervals as for later intensity measurements. Shake the mixtures by hand.

8.1.2 VariantB

Prepare the test suspensions outside the test tube in a conical flask (of volume e.g. 250 ml).

Add 1 volume of the stock suspension to 50 volumes of solution (5.5) maintained at 3 °C £ 3 °C and mix the

resultant su

spension thoroughly.
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Pipette 500 pl of test suspension into the test tubes, maintained at 15 °C £ 1 °C in the incubator, at the same time

intervals

as used for later intensity measurements.

8.2 Test procedure

Carry out, if possible, duplicate determinations per dilution level at a test temperature of 15 °C + 1 °C.

NOTE All samples should be measured, as differing luminescence may be expected due to possible inhomogeneities of the
test suspension.

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

After a
suspensi

tonditioning time of at least 15 min, determine and record the luminescence intensity dg
pNns by means of a luminometer at intervals of 20 s.

As the cqntact time for all test samples must be equal, use a chronometer for the measurement-of the lu

intensitie

Immedia
1 ml with
start the
cuvettes,

Determin
(115, 130),

5 at equal time intervals (seriatim). An interval of 20 s has been found convenient.

leaving the same time interval between successive additions.

e and record the luminescence intensity in all cuvettes, including controls, again after 15 min
optionally also after 5 min (I5) at intervals of 20 s.

Record the instrument adjustment.

9 Evaluation

9.1 Inh

Calculatg

ibitory effect on luminescent bacteria

the correction factor (f-value) from the measured luminescence intensity using equation (1)

serves t® correct the initial values |y of all test samples before they can be used as reference va

determin

fie =

where

htion of the water-dependent decrease of luminescence.

Ii/lo (t =5 min, 15 min, 30 min)

s the correction faetor for the contact time of 5 min, 15 min or 30 min;

uminescence units;

s thetluminescence intensity of the control test suspension, immediately before the addition o
5:2)yin relative luminescence units.

of the test

minescence

ely after the luminescence measurement of a test suspension, make up this’solution to a total volume of
samples (7.2), diluted samples (annex B) or sodium chloride solution (5.2)as necessary. Mix by hand,
chronometer and place the cuvette back into the thermoblock at 15 2C.+ 1 °C. Repeat for &ll the other

and 30 min

This factor
ues for the

L)

s the luminescence intensity in the control sample after the contact time of 15 min or 30 min, in relative

f the diluent

Average the fy; values of the control samples.

Calculate I using equation (2):

let =10 fia
where
fi is the mean of fi;

lo

It

[see equation (1)];

-(2)

is the corrected value of |y for test sample cuvettes immediately before the addition of test sample.
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Calculate the inhibitory effect of a test sample using equation (3):

o — |
Hy =—%—TL x100

where
Hi
lct

It

ct

is the inhibitory effect of a test sample after the contact time of 15 min or 30 min, in percent;

[see equation (2)];

©1SO

. (3)

is the luminescence intensity of the test sample after the contact time of 15 min or 30 min, in relative

lun

Calculate th

Calculate t
percentage

For evalua

equation (4):

H; is

NOTE Whg

ninescence units.

e mean of the inhibitory effect H; for each dilution level, in percent.

e deviation of the parallel determination of H; from their respective mean for duplicates
of the mean for controls.

ion of concentration-effect relationships, evaluate for each dilution levehthe gamma val

Ht
DO — H;

he gamma value of the test sample after the contact time of 15 min or 30 min;
he mean of H; [see equation (3)].

n a certain test concentration gives 0 % or 100% inhibition of bioluminescence, the gamma value

calculated. Tlherefore normally only H; values between 10:% and 90 % are used in the calculation of the concentrg

and as a

ue using

- (4

cannot be
tion-effect

analysis.
ng linear

-(5)

relationship.
9.2 Determination of EC values
Calculate the concentration-effect relationship for each exposure time using standard linear regression
The concentration-effect relationship_at a given exposure time often can be described by the followi
equation (5):

lgc=blgli +1ga
where

¢ is the portienof the water sample within the test sample, in percent;

I [seqe’equation (4)];

b s the value of the slope of the described line;

Ig ais the value of the intercept of the described line.
By means of standard least-squares statistics, calculate the ECyq and ECsg values with corresponding confidence
limits, in which:

¢t = ECpo at It = 0,25;

Ct:EC

50t at I = 1,00.

If the range of value pairs cannot be curve-fitted, the EC values can be estimated graphically using a double
logarithmic coordinate system.
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10 Expression of results

Report the results in accordance with the example of table 1.

If determined report the LID value (see annex B).
If determined report the EC,g and ECsgg values.

Report the type of bacterial preparation used.

ISO 11348-3:1998(E)

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

Cantral-ayxdparhaa

nic

Contro-experments
Validity test
Test Measured values lkao/lo fiao Deviption from
the mean fy5q ,
in %3
lo lk30?
297 242 0,8148
80 %1 0,8115 i+ 0,4
292 236 0,8082
295 253 0,8576
50 %1 0,8501 0,9
305 257 0,8426
Test experiments
Validity test
Test || Dilution level D Measured values le30 Hzo Hg, | Deviation from the I3
mean, in %4
80 %1
1 300 81 243,5 66,7
1 65,7 +1,0 1,919
2 297 85 241,0 64,7
50 %1
3 280 141 238,0 40,8
2 42,2 +14 0,731
4 292 140 248,2 43,6
5 292 193 248,2 22,3
3 22,95 +0,65 0,298
6 285 185 2423 23,6
7 303 779 757,6 TTT
4 11,75 + 0,65 0,133
8 302 225 256,7 12,4

1) Volume of the test suspension: 0,2 ml and 0,5 ml, respectively.
2) Final volume in cuvettes: 1 ml.

the control samples.

test samples.
The LID value in this example is LID = 4.

The EC,q value in this example is 31,9 %, the EC5q value is 58,7 %.

3) The deviation of the fy 3, values in terms of percentage of the parallel determinations from their mean is a measure of the scattering of

4) The deviation of the Hayvalues of the parallel measurements in terms of percentage from the mean is a measure of the scattering of the
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11 Criteria of validity
The test is valid if

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

— the parallel determinations do not deviate from their mean by more than 3 %. This holds for the control samples
as well as for the test samples which determine the LID value or the EC,o/ECs5q values respectively;

— the three reference substances (5.6) cause 20 % to 80 % inhibition after 30 min contact time at the following
concentrations (solutions not neutralized, check separately):

3,4 mg[l—3,5-dichlorophenol
2,2mg|l Zn2+ (as zinc sulfate heptahydrate)

18,7 mp/l Cré+ (as potassium dichromate).

12 Precision

In a national round-robin test carried out during autumn 1993 by 16 laboratories, precision data were defermined.
The resultsfare summarized in annex C.

13 Test [eport

The test report shall refer to ISO 11348 and the modification used (ISO 11348-1, ISO 11348-2 or ISO 11348-3) and
contain the following information:

a) identity] of the water sample, including sampling, storage time and conditions;
b) pH of the original water sample;

c) date offtest performance;

d) samplg pretreatment, if any;

e) origin df the bacteria, batch number;

f) date of|preparation of the-bacteria;

g) storagg temperature/of'the bacteria, if frozen;

h) expression of thé results, according to clause 10 and table 1;

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

J) test redultshwith reference substances



https://standardsiso.com/api/?name=0fdc256e91c49e552320dcc82f57fb59

©1SO

ISO 11348

Annex A
(informative)

Colour-correction method

A.1 Application

-3:1998(E)

Light loss due to light absorption can occur when a sample shows a visible colour in the dilution series, especially in

the red t

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

ECgg val

A.2 Additional apparatus

A21 C

A22 P

A.3 Procedure

The complete colour-correction procedure is carried out at a témperature of 15°C + 0,5 °C in a the
controlled incubator.

Prepare
differ mu

NOTE Ifis not necessary to choose a different C, for each exposure time (5 min, 15 min, 30 min).

Transfer

Prepare

NOTE With Microtox bacteria: 1,0 ml)dilution water with 50 ul bacterial stock suspension. With Lumistox ba
bacterial gtock suspension.

Mix the guspension well before transferring it with a Pasteur pipette to the inner chamber of the colo

cuvette.

least 15 min, and start\the chronometer.

NOTE H
the readin

Remove,

brown colour range. If there is a visible colour at the EC>q concentration. the following proced

re must be

le, a colour correction should be made.

blour-correction cuvette:  double-walled cuvette, fitting the light meter.

hsteur pipettes.

A dilution of the test sample with a concentrationclose to the ECyg value (C,). When the E
Ch, the Cy shall be close to the lowest ECpq ¢

2,0 ml of 2 % sodium chloride solution+to the outer chamber of the colour-correction cuvette.

h special bacterial suspension.

\dd suspension.to the same level as the solution in the outer chamber. Measure the light level

rom this-moment on, the position of the colour-correction cuvette in the measuring chamber must be the
0s.

close to the

mostatically

Coot values

Cteria: 1,0 ml

r-correction
(Bp) after at

same for all

with a pipette. the sodium chloride solution from the outer chamber and replace it by 2.0 ml o

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 sodium chloride

solution.

Measure

the light level (B1g) 10 min after the first measurement.

NOTE The procedure can be simplified by using two identical colour-correction cuvettes. The outer chamber of the first
cuvette is filled with dilution water, the outer chamber of the second cuvette is filled with the diluted sample. After 15 min, light
levels By and |y can be measured. These values replace the values for Bs and |5 in the following calculations.
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A.4 Calculation

These calculations assume that the coloured sample behaves according to the Beer-Lambert law, which is usually
the case.

Calculate Bg with the formula:

By — B

By = By=—"

Calculate for a given exposure time (t) the absorption (A;) of the uncorrected EC5q 1 concentration with the formula:

A =—F2ot g Bs

Ck Is

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

k is an empirically derived system constant;

In—= i the absorption of the tested dilution in the colour-correction cuvette:

Calculate the corresponding transmission (T;) with the formula:

deo ™A
Tt:l_e_

A

Calculate the corrected gamma values (I;) with the formulae:
Cﬂ = (E Tt) —4

and

cl; is the correction factor for gamma values at a given exposure time (t);

Iy, is the originalkgamma value.

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

I ti th b ti (A) d-t ISSi (T f h test trati b |
NOTE At given-exposure-time e-absorption(Aj)-an ransmission(F)for each-test concentration-can-be-calcl ated, and

from this the uncorrected gamma value with the formula:

T,=T,(1+ Iy)-1

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 ECypt concentration is used (I"= 0,25). The formula for calculation of the
correction factor is deduced as follows:

T (1+75)-1_ T, (1+0.25)-1
I, - 0,25

Cﬂ=%= =(5T;)-4
[0}

10


https://standardsiso.com/api/?name=0fdc256e91c49e552320dcc82f57fb59

