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Introduction

The three parts of 1ISO 7346 describe methods of determin
lethal toxicity of substances to the zebra fish' \(Brac
Hamilton-Buchanan) but it must be emphasized that the r
use of the zebra fish does not preclude the wse of other

ISO 7346-2:1996(E)

ng the acute

hydanio rerio
ecommended

species. The

methodologies presented here may also hé-ised for other species of

freshwater, marine or brackish water fish, with appropriate
of, for example, dilution water quality and) the temperature
the test.

Within the three parts of ISO 7346,-a choice can be made bg
semi-static and flow-through~methods. The static test,

ISO 7346-1, in which the sglution is not renewed, has the
requiring simple apparatus,although the substances in the te
become depleted during:the course of the test and the gen
the water may deteriorate. The flow-through method,

ISO 7346-3, in whichthe test solution is replenished contir
comes such problems but requires the use of more compl
In the semi-static procedure, described in this part of ISO 7
solutions are“renewed every 24 h or 48 h, this method bei
mise between the other two.

The flow-through method can be used for most types of sl
cluding those unstable in water, but the concentrations of
stance are determined wherever possible. The static metho
the study of substances whose tested concentrations ren

modifications
conditions of

tween static,
described in
advantage of

5t vessel may
bral quality of

described in
uously, over-

X apparatus.

346, the test

ng a compro-

bstances, in-
the test sub-
i is limited to
ain relatively

constant during the test period. The semi-static method caf be used for

testing those substances whose concentrations can be mai
factorily throughout the test by renewal of the solutions
48 h. Special arrangements may be necessary for substanc
highly volatile.

To assist in the preparation and maintenance of concentrd
stances which may be lethal at concentrations close to
aqueous solubility, a small volume of solvent may be used, a
the methods.

Ntained satis-
very 24 h or
es which are

tions of sub-
that of their
s specified in
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Water quality — Determination of the acute lethal
toxicity of substances to a freshwater fish [ Brachydanio

rerio

Part

2:

Semji-static method

1 Scope

This pant of ISO 7346 specifies a semi-static method

for the
stable,
water u

[Brachypanio rerio Hamilton-Buchanan

determination of the acute lethal toxicity of
non-volatile, single substances, soluble in
nder specified conditions, to a freshwater fish
(Teleostei,

Cyprinidae) — common name, zebra fish] in water of

a specif

The me
substan

ed quality.

thod is applicable for assigning, for each test
e, broad categories of acute lethal toxicity to

Brachydanio rerio under the test(conditions.

The res
water q

The m4
other
organis

The mg

ults are insufficienttby themselves to define
Lality standards_for)énvironmental protection.

thod is alse>applicable when using certain
bpecies .‘of) ' freshwater fish as the test
nY.

bthod may be adapted for use with other

Hamilton-Buchanan (Teleostei, Cyprinidae)] —

with approepriate modification of the tgst conditions,

particularly with respect to the quantity
the<dilution water and the temperature.

2 Principle

Determination, under specified condi
concentrations at which a substance
50 % of a test population of Brachyda
exposure periods of 24 h, 48 h, 72 h an
substance in the ambient water. These
concentrations are designated the
48 h - LC50, 72 h- LC50 and 96 h - LC

The test is carried out in two stages:

a) a preliminary test which gives an a
dication of the acute median lethal
and serves to determine the rang
trations for the final test;

and quality of

tions, of the
is lethal to
hio rerio after
d 96 h to that
median lethal

24 h - LCHO,
0.

bproximate in-
oncentrations
e of concen-

b) a final test, the results of which

alone are re-

freshwater fish and marine and brackish water fish

ported.

1) The following species of freshwater fish can be used, in addition to Brachydanio rerio, without modification to this part of
ISO 7346.

— Lepomis macrochirus (Teleostei, Centrarchidae)

— Oryzias latipes (Teleostei, Poeciliidae)

— Pimephales promelas (Teleostei, Cyprinidae)

— Poecilia reticulata (Teleostei, Poeciliidae)
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Where evidence is available to show that test con-
centrations remain relatively constant (i.e. within
about 20 % of the nominal values) throughout the
test, then either measured or nominal concentrations
are used in the estimation of the LC50. Where such
analyses show that the concentrations present remain
relatively constant but are less than about 80 %, or
greater than 120 %, of the nominal values, then the
analytical values are used in estimating the LC50.
Where evidence is not available to show that the test
concentrations remained at an acceptable level

analytical datg are available, the LC50 cannot be de-
fined using this test method. In these cases, the test
is not necessarily invalidated but it can only be stated
that the LC50|of the substance is < x mg/l, the value,
x, being estimated from the nominal concentrations
used.

3 Test organism and reagents

The reagents|shall be of recognized analytical grade.
The water used for the preparation of solutions shall
be glass-distilled water or deionized water of at least
equivalent purity.

3.1 Test ofganism

The test spegies shall be Brachydanio\rério Hamilton-
Buchanan (Teleostei, Cyprinidae),.'commonly known

as the zebra| fish. Each test fish-shall have a total

length of 30
sponds to a

mm + 5 mm, whieh, in principle, corre-
mass of 0,84+ 0,1 g. They shall be

selected from a population of a single stock. This

stock should

have beenvacclimatized and, in any case,

maintained fqr at.l€ast 7 d prior to the test in dilution

water, contirjuously aerated using bubbled air (see

) L, i ; .
3.2), under conditions-of-waterquality-and-Hlurination

© ISO

3.2 Standard dilution water

The freshly prepared standard dilution water shall
have a pH of 7,8 + 0,2, and a calcium hardness of
approximately 250 mg/l, expressed as calcium
carbonate, and shall contain the following concen-
trations of salts dissolved in distilled or deionized
water:

294,0 mg/! CaCl,-2H,0

T

63,0 mg/l NaHCOg4
5,5 mg/l KCI

Aerate the dilution water untibthe concentfation of
dissolved oxygen reaches. at least 90 % of its air
saturation value (ASV)Cand the pH is contant at
7,8 + 0,2. If necessary,~adjust the pH of the|solution
by adding sodium hydroxide solution or hydfochloric
acid. The dilution‘water thus prepared shall receive
no further forfced aeration before use in the tests.

3.3.(Stock solutions of test substances

A stock solution of the test substance should be pre-
pared by dissolving a known amount of test sub-
stance in a defined volume of dilution water,
deionized water or glass-distilled water. The stock
solution should be prepared at a frequency gppropri-
ate to the stability of the test substance. Tp enable
stock solutions to be prepared and to assist in their
transfer to the test vessels, substances| of low
aqueous solubility may be dissolved or dispgrsed by
suitable means, including ultrasonic deviceq and or-
ganic solvents of low toxicity to fish. If any[such or-
ganic solvent is used, its concentration in [the test
solution shall not exceed 0,1 ml/l, or the volyme con-
taining 0,1 g/I, whichever is the greater. Whegre a sol-
vent is used, two sets of controls, one cpntaining
solvent at the maximum concentration usefd in any
test vessel and one without solvent or test sybstance,

similar to those used in the test. They shall be fed as
normal up to the 24 h period immediately preceding
the test.

Test fish shall be free of overt disease or visible
malformation. They shall not receive treatment for
disease during the test or in the 2 weeks preceding
the test. Subsequent to the test, fish remaining alive
should be suitably disposed of.

Environmental conditions for the maintenance and
breeding of zebra fish are given in annex A.

shall be inciudea.

3.4 Test solutions

Test solutions are prepared by adding appropriate
amounts of the stock solution of the test substance
to the dilution water to give the required concen-
trations. It is recommended that, when a stock sol-
ution is prepared in distilled or deionized water, no
more than 100 ml of stock solution should be added
per 10 litres of dilution water.
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4 Apparatus

All materials which may come into contact with any
liquid into which the fish are to be placed, or with
which they may come into contact, shall be inert and
should not absorb the test substance significantly.

Usual laboratory equipment and the following.

4.1 Test vessels, of sufficient capacity (which may
need to be greater than 10 litres), with a large area

ISO 7346-2:1996(E)

Test fish shall not have been used for any previous

testing procedure.

Maintain the temperature of the water in the stock

tanks at 23 °C + 1 °C (4.2).

6.2 Limit test

Using the procedures described in

this part of

ISO 7346, a limit test may be performed at the limit
of aqueous solubility under the conditions of the test

of interface between the air and the test medium (of
about 800 cm? for 10 litres of medium) and equipped
with a g$ecurely fixed and close-fitting cover. The vol-
ume of| the test vessels should be sufficient that a
loadingfrate of 1 g of fish per litre of water should not
be excdeded at any time during the test.

Before | use, the test vessels shall be cleaned
thoroughly, for example with a non-ionic detergent
(followgd by acid and solvent washes for substances
expectgd to adsorb strongly to the vessel).

4.2 Tgmperature control equipment, to regulate
the tenpperature of the test solutions and the water
in the |stock tanks to 23°C + 1°C by a suitable
method.

inert material, for the control vessels and another for

4.3 DE-net, made of nylon or of another chemigally
all the test vessels (4.1).

5 Tebt environment

The prgparation and storage of selutions, the holding
of fish,[and all the manipulatiens and tests shall be
carried put in premises with-an atmosphere free from
harmful concentrations’ ofairborne contaminants.

Take care to aveid™any unwanted disturbance that
may cHange the behaviour of the fish. Carry out all
tests under. Aprmal laboratory illumination with a daily
photopgriod*of 12 h to 16 h.

or—at— 00y —whichever is—the—tower, in order to
demonstrate that the 96 h - LC50 js;greater than this
concentration. If no fish die in thellimit {est, no further

testing is required.

Perform the limit test using’ 10 fish,
number in the control(s).

NOTE 1
used, with zero mortality there is a 99,9 %

vith the same

Binominal-theory dictates that, when 10 fish are

confidence that

the 96 h - LC5Qis greater than the limit-tegt concentration.
If mortalitieSccur, a complete study (see 6.3 and 6.4) may
need to-be considered. If sub-lethal effects are observed,

these.should be recorded.

6.3 Preliminary test

Add at least 2,5 litres, preferably 5 litrgs, of standard
dilution water (3.2) to each of six test vessels (4.1)
and aerate if necessary to restore the| concentration

of dissolved oxygen to at least 90 %
ration value.

Prepare test solutions by adding appro
of stock solution of the test substance

of its air satu-

briate amounts
(3.3) to five of

the vessels in order to obtain an adequliate geometric

range of concentrations, for examp
100 mg/l; 10 mg/l; 1 mg/l and 0,1 m

e 1 000 mg/l;
y/l. Nothing is

added to the sixth vessel, which serves as a control.

The solutions shall be adjusted to and
23°C + 1 °C (4.2) and shall not be f
during the test.

Place three fish in each vessel.

maintained at
breibly aerated

After 24 h or 48 h.prepare-new-test-salutions in new

6 Procedure

6.1 Condition of the fish

Whenever there is a change of stock population, carry
out a toxicity test using the method specified in this
part of ISO 7346 using a suitable reference chemical
[e.g. potassium dichromate (K,Cr,05)]. The results of
such tests shall be in reasonable agreement with re-
sults obtained previously in the same laboratory.

test vessels and transfer the live fish to them without
delay. Repeat every 24 h or 48 h throughout the pre-

liminary test.

At least twice a day, note the number o

f dead fish and

the dissolved oxygen concentration in each vessel.

Remove the dead fish.

If there are insufficient data for establishing the range
of concentrations required for the final test, repeat
this preliminary test with alternative ranges of con-

centrations.
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6.4 Final test

Select at least five concentrations, forming an ap-
proximately geometric series, for example 8 mg/l;
4 mg/l; 2 mg/l; 1 mg/l and 0,5 mg/l, between, but in-
cluding, the lowest concentration killing all the fish in
the preliminary test, and the highest non-lethal con-
centration in 96 h. This selected series of concen-
trations shall provide the possibility of obtaining
mortalities of between 0 % and 100 % in at least two
consecutive concentrations of the geometric series

© |SO

Note any abnormal behaviour of the fish.

If the substance is shown to be stable over the period
of exposure, (i.e. losses of less than 20 % of the initial
measured concentration are expected or have been
demonstrated) then, if possible, measure the con-
centrations of the test substance in the test vessels
at least at the beginning and end of the first and final
renewal periods. If the test substance is shown to be
unstable over the period of exposure, then if possible
measure the concentration of the test substance in

used, which [s necessary for an estimation of the
LC50 using the probit method.

In some instances, a narrower range of concen-

trations may

be required to provide the necessary

data and in others a wider range may be needed.

Take at least dix test vessels (4.1) and into each pour,

for example,

0 litres of standard dilution water (3.2).

Nothing is added to one of these (the control) but, to
the remaindef, add the different amounts of stock

solution (3.3)
concentration

required to give the particular range of
5 of test substance which has been

selected for festing. If an organic solvent has been
used to dissojve a substance, prepare a second con-

trol with the
ficient of the
concentration
of the test so
been adjuste
seven fish in

standard dilution water containing suf-
organic solvent to give the maximum
at which this solvent is present in any
utions. When the test solution (3.4) has
i to 23°C + 1°C (4.2), place at least
pach of the vessels, as follows.

Select the fish at random from the stock and place
them at randpm in the test vessels, without delay,

using a sma

| mesh dip-net of softinert material

(4.3). Discard any fish dropped or~otherwise mis-

handled durin

j the transfer. In a given test, add all the

fish within a geriod of 30 min.

After 24 h or

18 h, prepare‘new test solutions in new

test vessels gnd transfer)the live fish to them without
delay. The repewal 6f “test solutions and transfer of

fish shall be
test. In order

repéated every 24 h or 48 h during the
toZavoid significant transfer of test sub-

the test vessels at the beginning and end of each re-

newal period throughout the duration of thé-test.

v

Measure the dissolved oxygen concentration| the pH
and temperature in each vessel at least at thg begin-
ning of the test and immediately before and 3fter the
renewal of the test solution.

A suggested form which lis)suitable for recorfling the

data is given in annex ‘B:

7 Expression of results

7.1 Validity

The*esults shall be considered valid if the fpllowing
requirements are fulfilled:

a) the dissolved oxygen concentration in the test
solutions during the test was at least 60 % ASV;

b) the concentrations of the test substance yere not
known (or suspected) to have declined signifi-
cantly throughout the test (but see clause 2);

¢) the mortality of the control fish did not| exceed
10 % or one per tank;

d) the proportion of control fish showing gbnormal
behaviour did not exceed 10 % or one per tank;

e) the 24 h - LC50 of the reference chemigal [e.g.
potassium dichromate (K,Cr,0)] for the [stock of
fish was in reasonable agreement with results

stances between test vessels via the dip-net (4.3), the
transfer of fish should begin with the lowest concen-
tration and proceed towards the highest concen-
tration.

The solutions shall not be forcibly aerated. Record the
number of dead fish in each vessel at least daily over
the period of the test. Remove each dead fish from
the vessel as soon as possible. Observations can be
made more frequently, for example to enable median
periods of survival to be calculated for each concen-
tration.

lodion s .| H [l : 4lo lols +
Ullaiticu proviUUuoly 1T Uic odllic 1dbUuratuly.

7.2 Estimation of LC50

Where a simple graphical estimation of the LC50 is
considered adequate, this can be obtained by plotting
mortality (expressed as a percentage of test fish in
each test vessel) against concentration of test sub-
stance. Using axes with linear scales, this will produce
a sigmoid relationship from which the LC50 can be
derived by interpolating the concentration expected to
cause 50 % mortality (see figure 1).
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It is more appropriate to plot the data on graph paper
having axes with logarithmic and probability scales.
Data plotted in this way should produce a linear re-

latinmah reme tha | PEN ~Aan

£ shink Iha imdarmalabad
|c|uuna|||p iTOM WNRICH tn€é LLOU Cail o€ interpoiatea

as above (see figure 2).

VAL PR 4

VWhere estimation of siope and 95 % confidence iimits
of this and the LC50 are required, and it is rec-
ommended that these statistics are frequently valu-
able in expressing results, the data can be analysed
graphically ([2] in annex C).

ISO 7346-2:1996(E)

Where computing facilities are available, probit analy-
sis can be applied ([1] in annex C).

1f tnaiiffiniamt Anta ~va

it insufticient data are available to estim ate the LC50
at 24 h and 48 h and, if available, at 7 and 96 h,

record the minimum concentration in WhICh 100 %
mortality occurred and the maximum concentration
giving 0 % mortality at 24 h; 48 h; 72 h and 96 h

These concentrations will indicate the limi

which the LC50 probably lies.

L |

= 100 -  ms——
g 10d e
$ 50 -----7/
z S0 = 23mg/1
g /
3 Ll |
0 LeXt 1Y 1 1
0051 2 L 8
Concentration (mg/l)
Figure 1 — Graphical interpolation of LC50 (linear scales)
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Figure 2 — Graphical interpolation of LC50 (logarithmic and probability scales)
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8

Test report

The test report shall include the following information:

a)

b)

a reference to this part of 1ISO 7346;

the chemical identity and any additional available
information about the test substance (e.g. water
solubility, volatility, octanol/water partition co-
efficient, degradation rate);

f)

a)

© ISO

a tabulated list showing the nominal concen-
trations tested (with chemical analytical values,
where available), and the total percentage mor-
talities in each 24 h, 48 h, 72 h and 96 h after the
start of the test;

the LCH0 values and confidence limits, if available,
at 24 h, 48 h, 72 h and 96 h, of the substance
tested; reference should be made to the method
of calculation, and the method of chemical analy-
sis, where applicable;

the methog-ofpreparmg-theditationwater—stock
solutions apd test solutions;

all chemicd), biological and physical data pertaining
to the testjand not otherwise specified in this part
of ISO 7346, including details of the acclimatiz-
ation condltions of the test fish, and the mass of
fish, in grams per litre;

the data taken into account when assessing the
validity of the test:

1) concerptration of dissolved oxygen;
2) mortallty observed among control fish;

3) proportion of control fish showing abnormal
behavipur;

4) LC50 ¢f the reference substance;

h)

the slope of the concentration-respofisg curve

(and its 95 % confidence limit if available);

a graphical illustration of thel/concertration-
response relationship;

any unusual reactions by the fish under the test
conditions and any (visible external effedts pro-
duced by the testfsubstance;

any deviatiomfrom the procedure specified in this
part of IS@/7346, and the reason for it.
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Annex A
(informative)

Environmental parameters for maintenance and breeding of zebra fish
(Brachydanio rerio Hamilton-Buchanan)

A1 feneral

The spgcies originates from the Coromandel coast of
India wWhere it inhabits fast flowing streams. It is a
commdn aquarium fish, so that information about
procedlires for its care and culture can be found in
standard reference books on tropical fish culture. Its
biology|has recently been reviewed by Laale [51.

The fisl rarely exceeds 45 mm in length. The body is
cylindrigal with 7 to 9 dark blue horizontal stripes on
silver. These stripes run into the caudal and anal fins.
The batk is olive green. Males are slimmer than fe-
males gnd possess a golden sheen. Females are more
silvery and the abdomen is distended, particularly prior
to spawning.

A.2 Environmental parameters

The fish are capable of withstanding wide ranges of
temperpture, pH and water hardness. ..Axelrod [4]
states @ temperature range of 15,5 °C t0.48,3 °C and
a pH df 6,6 to 7,2. Fish may be bred, reared and
maintaiped in tap water with a totalhardness as high
as 300 |mg/l (as calcium carbonate)-and a pH of 7,7 to
8,2. ThHe temperature is majntained at 26 °C + 1 °C
and raiged to 27 °C + 1 °CG&o’induce spawning.

A3 aterials and methods

The fish may readily be spawned in glass tanks of
capacity about /0 litres. The fry are later transferred
to a tank of\capacity 200 litres.

60 mm into the water. An undergraveg
should not be used to cleanse the Wat§
likely to damage the eggs. The tanks
luminated for 8 h per day.

A.4 Conditioning

This period lastsfor/approximately 2
and females are“s€parated and fed on
consists of white worms (enchytraeidd
brine shrimps (Artemia). The density o
ing condlitioning is kept below 30 fish
pacity.70 litres.

At the end of 2 weeks, the males p
golden sheen and the females are grg
with ova.

A.5 Breeding stage

The spawning tank can be set up as fo

Fill an empty tank with fresh tap water
for 48 h and place a plastic cage in
under the lip, allowing the fish a swim
volume about 1 litre. Place six females
in the morning and feed with freq
shrimps.

Add nine males to the basket in the ev
the fish once more with freeze-dried
before the lights are switched off.

Spawning is induced by the mornin

| filter system
r because it is
should be il-

weeks. Males
live food. This
, Daphnia and
f stocking dur-
n tanks of ca-

ssess a deep
atly distended

lows.

aged at 27 °C
side the tank
ming space of

in the basket
ze-dried brine

ening and feed
brine shrimps

g light and is

N‘\mplnfnd after the Iighft have heen

witched on for

Since the adult fish are avid egg eaters, a method of
protecting newly laid eggs and young fish is necess-
ary. One method, used successfully, is to confine the
adult fish in mesh cages in the water so that, as the
female lays her eggs, these fall through the mesh to
the bottom of the tank out of reach of the adults.

The mesh cages are made of plastics netting
with 3 mm mesh, of dimensions approximately
250 mm x 250 mm x 80 mm. They are clipped to the
lips of the tanks so that the whole of the upper edge
of the cage is above water with the mesh dropping

approximately 4 h. The eggs, which are non-adhesive,
fall through the mesh, out of reach of the adults.

When the females are exhausted of eggs, remove the

adults and leave the eggs to hatch.

A.6 Development of fry

The eggs hatch in 4 d to 5d, and the fry or alevins
adhere to the side of the tank and remain motionless
for 24 h to 48 h. When the fry become free-
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swimming, feed them on suitable proprietary fish food
of small particle size. At 3 weeks, the fry can be fed
newly hatched brine shrimps and growth then be-
comes more rapid. After 1 month, they can be trans-
ferred to a 200 litre tank and fed on a mixture of live
and proprietary foods. The fish are sexually mature at
3 months and attain a length of 3,5 cm. It should be
noted that spontaneous abnormalities in the develop-

© SO
ing larvae have been observed in certain strains ([9]
in annex C).
Further studies {[7] in annex C) indicate that a dietary
factor is responsible for the deformities and that the

zebra fish is especially susceptible to this factor (other
species breed normally when fed the same pro-
prietary fish food).
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