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ISO 10229:1994(E) 

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. Esch member body interested in a subject for 
which a technical committee has been established has the right to be 
represented on that committee. International organizations, governmental 
and non-governmental, in liaison with ISO, also take part in the work. ISO 
collaborates closely with the International Electrotechnical Commission 
(IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

International Standard ISO 10229 was prepared by Technical Committee 
lSO/TC 147, Water quality, Subcommittee SC 5, Biological methods. 

Annexes A and B of this International Standard are for information only. 

0 ISO 1994 
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced 
or utilized in any form or by any means, electronie or mechanical, rncluding photocopying and 
microfilm, without Permission In writing from the publisher. 

International Organization for Standardization 
Case Postale 56 l CH-1 211 Geneve 20 l Switzerland 

Printed in Switzerland 
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0 ISO ISO 10229:1994(E) 

Introduction 

This International Standard describes methods of determining the long- 
term toxicity of substances to freshwater fish. The methods include the 
determination of lethal and sublethal responses. In all cases, the specified 
use of one species does not preclude the use of other species. lt is 
possible for the methods presented here to be used for other species of 
freshwater fish, provided that appropriate modifications to, for example, 
quality of water used for dilution, temperature conditions and feeding rates 
are made and the relationships between growth rates, feeding rates and 
conversion efficiencies are established. 

Within this International Standard, a choice may be made between semi- 
static and flow-through methods. These have already been described for 
the determination of the acute lethal toxicity of substances to a freshwater 
fish in ISO 7346-2 and ISO 7346-3 respectively. The choice of the method 
of presentation of the test Solution depends on two factors: the nature of 
the test substance and the form of the test method. 

The flow-through method tan be used for most types of substances, in- 
cluding those unstable in water, but the concentrations of the test sub- 
stance are determined wherever possible. The semi-static method tan be 
used for testing those substances whose concentrations tan be main- 
tained satisfactorily throughout the test by renewal of the solutions every 
24 h. 

To assist in the preparation and maintenance of concentrations of sub- 
stances which may invoke the Chosen responses in the fish at concen- 
trations close to that of their aqueous solubility, a small volume of solvent 
is sometimes used, as specified in the methods. 

I.0 

Ill 
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INTERNATIONAL STANDARD 0 ISO ISO 10229:1994(E) 

Water quality - Determination of the prolonged 
toxicity of substances to freshwater fish - Method for 
evaluating the effects of substances on the growth 
rate of rainbow trout [Oncorhynchus mykiss Walbaum 
(Teleostei, Salmonidae)] 

1 Scope 

This International Standard specifies a method for the 
determination of the long-term sublethal toxicity of 
substances soluble in water under specified con- 
ditions to a species of anadromous fish 
[ Oncorhynchus mykiss Walbaum (Teleostei, Salmo- 
nidae) - common name, rainbow trout] in fresh 
water. 

NOTE 1 “Substances” is considered to include pure 
chemicals tested singly or in mixtures, waste waters, pro- 
cess waters or other waters whose sublethal toxicity to fish 
it is necessary to determine. A range of concentrations of 
waste and process waters should be tested (see 8.2). 

The response measured is the Change in rate of 
growth of fish exposed to the test substance over 
periods of 14 d and 28 d (see [I] in annex B). 

NOTE 2 The mass of each fish at the Start of the test, the 
period of exposure, the feeding regime and temperature 
range have been Chosen to ensure that the control fish will 
be growing exponentially throughout the test. 

The method is applicable for assigning, for each test 
substance, a category of prolonged sublethal toxicity 
to Oncorhynchus mykiss under the test conditions. 

The results are insufficient by themselves to define 
water quality limits for environmental protection. 

lt is possible for the method to be adapted for use 
with other freshwater fish and marine and brackish 
water fish with appropriate modification of the test 
conditions, particularly with respect to the tempera- 

ture, the quantity and quality of the dilution water, the 
food and the fish-marking technique. 

2 Normative references 

The following Standards contain provisions which, 
through reference in this text, constitute provisions 
of this International Standard. At the time of publi- 
cation, the editions indicated were valid. All Standards 
are subject to revision, and Parties to agreements 
based an this International Standard are encouraged 
to investigate the possibility of applying the most re- 
cent editions of the Standards indicated below. 
Members of IEC and ISO maintain registers of cur- 
rently valid International Standards. 

ISO 7346-2: 1984, Water quality - Determination of 
the acute lethal toxicity of substances to a freshwater 
fish (Brachydanio rerio Hamilton-Buchanan (Teleostei, 
Cyprinidae)) - Part 2: Semi-sta tic method. 

ISO 7346-3: 1984, Water quality - Determination of 
the acute lethal toxicity of substances to a freshwater 
fish (Brachydanio rerio Harnikon-Buchanan (Teleostei, 
Cyprinidae)) - Part 3: Flow-through method. 

3 Principle 

Determination, under specified conditions, of the 
concentrations at which a substance statistically and 
significantly reduces the rate sf growth of a test 
population of Oncorhynchus mykiss after exposure 
periods of 14 d and 28 d to that substance in the 
ambient water. 

1 
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ISO 10229:1994(E) Q ISO 

The test is carried out in two stages: 4 Test organism 

a) a preliminary test, carried out using rainbow trout 
as the test species but in accordance with 
ISO 7346-2 or ISO 7346-3 (although the rainbow 
trout is not specifically named in these Parts of 
ISO 7346), which determines the concentrations 
at which the substance is lethal to 50 % of a test 
population after exposure to the substance in the 
ambient water for 96 h: this median lethal con- 
centration is designated as 96 h LC50 and serves 
to determine the range of concentrations for the 
final test (see note 11 to 8.1). 

b) a final test, using 16 fish per concentration, in 
which the results are recorded as both the lowest 
observed effect concentration (LOEC) and the no 
observed effect concentration (NOEC). They are 
prefixed by an indication of the exposure period 
concerned, for example “28 d LOEC”. The data 
may also be fitted to a regression model in Order 
to calculate the ICI0 (inhibition concentration for 
a 10 % effect), or a similar statistic. 

Where analytical data show that median test concen- 
trations remain relatively constant (i.e. within 20 % of 
the nominal values) throughout the test, the method 
allows the use of either measured or nominal con- 
centrations in the Statements on LOEC and NOEC. 
Where such analyses show that the concentrations 
present remain relatively constant (i.e. + 20 % of the - 
median) but are less than 80 % or greater than 
120 % of the nominal values, then the analytical val- 
ues derived from this method are used in presenting 
the LOEC and NOEC. Where no evidente is available 
to show that the test concentrations remained at an 
acceptable level throughout the test period or where 
it is known that the concentrations of the test chemi- 
cal have changed significantly (i.e. by greater than 
20 % of the median) at any Stage during the test, then 
irrespective of whether or not Chemical analytical data 
are available the LOEC and NOEC cannot be defined 
using this test method. In these cases, the test is not 
necessarily invalidated but it tan only be stated that 
the LOEC of the substance is < x mg/l, and that the 
NOEC of the substance is < y mg/l, the values x and 
y given being estimated from the nominal concen- 
trations used. 

NOTE 3 Wherever possible, it is very important to deter- 
mine the concentrations of the test substance to which the 
fish are exposed. 

The recommended test species is Oncorhynchus 
mykiss Walbaum (Teleostei, Salmonidae), commonly 
known as the rainbow trout. Test fish shall be selec- 
ted from a population of a Single stock. This stock 
shall have been acclimatized and, in any case, main- 
tained for at least 2 weeks Prior to the test in dilution 
water, continuously aerated (using bubbled air), under 
conditions of water quality, feeding regime and 
illumination similar to those used in the test. 

Except where otherwise stated (see clause 8), the 
fish shall be fed at a minimum rate of 1 % of their 
wet body mass per day during any pre-acclimation and 
acclimation period and 4 % of their mass per day 
during the final test (see 8.2). 

NOTE 4 This latitude in feeding rate during the pretest 
period enables the fish to be grown to, or held at, a suitable 
size (see below) for the Start of the test- 

The food shall be a dry proprietary salmonid ft-y food 
and shall be divided into two equal portions and given 
to the fish in two feeds per day separated by at least 
5 h. After exposure of 14 d to the test substance, 
when the fish are weighed again, the rations shall be 
recalculated for each test vessel. 

At the statt of the test, each fish shall have a mass 
of not less than 3 g and not more than 5 g (but see 
8.2). For the whole batch of fish used in the test, the 
range in individual masses at the statt of the test shall 
lie within + IO % of the arithmetic mean of the - 
masses. 

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. 

Maintain the fish in environmental conditions suitable 
for rainbow trout. 

NOTE 5 Fish cultivation manuals should be consulted, for 
example [Z] in annex B. 

5 Reagents 

Use only reagents of recognized analytical grade. The 
water used for the preparation of stock solutions shall 
be glass-distilled or deionized water of at least equiv- 
alent purity. 

Fish tan be individually recognized throughout the 
test if the freeze-branding technique or an equivalent 
method (e.g. tagging) is used for marking, but this is 
not mandatory. 

5.1 Diktion water 

The dilution water shall be suitable for the long-term 
survival and growth of the test fish. The average pl-i 
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0 ISO ISO 10229: 1994(E) 

of the dilution water shall be within the range 6,7 to 
8,5, but during a given test the pH of the dilution 
water shall not vary by more than & 0,2 pH units from 
the mean value. 

NOTE 6 Such a pH range tan be expected to be associ- 
ated with a bicarbonate alkalinity of 1 mg/1 to 100 mg/1 
CaCO, and total hardness values of 20 mg/1 to 300 mg/1 
CaCO,, but these ranges will depend on the precise consti- 
tution of the dilution water and the time available for 
equilibration of the water. A suitable artificial water tan be 
made with distilled water, as follows: 

294,0 mg/1 CaCl,2H,O 

123,3 mg/1 MgS0,.7H20 

63,0 mg/1 NaHCO, 

5,5 mg/1 KCI 

5.2 Stock solutions of test substances 

Prepare a stock Solution of the test substance by dis- 
solving a known amount of test substance in a de- 
fined volume of dilution water, deionized water or 
glass-distilled water. 

NOTE 7 In the case where the test “substance” is a 
waste water, process water or other water (see clause 1, 
note 1) and not one or more pure chemicals, these waters 
are to be taken as the stock Solution. 

Prepare or obtain the stock Solution as frequently as 
necessary to maintain stable solutions. Although the 
use of solvents is not desirable, to enable stock sol- 
utions to be prepared and to assist in their transfer to 
the test vessels, it shall be permissible to dissolve or 
disperse substances of low aqueous solubility by 
suitable means, for example ultrasonic devices or the 
use of organic solvents of low toxicity to fish. If any 
such organic solvent is used, its concentration in the 
test Solution shall not exceed 0,l ml/l (and preferably 
be below 0,Ol ml/l), and two sets of controls, one 
containina solvent at the maximum concentration 
used in any test vessel and one without solvent o 
test substance, shall be included. 

NOTE 8 lt is preferable that the 
solvent be used in all test vessels. 

same concentration 0 

r 

f 

is prepared in distilled or deionized water, no more 
than 100 ml of stock Solution should be added per 
10 litres of dilution water. Wherever possible, it is 
very important to determine the concentrations of the 
test substance in each test vessel, with the exception 
of waste waters where this may not be possible. 

6 Apparatus 

6.1 General 

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 
shall not absorb the test substance significantly. 

Usual laboratory equipment [including a dip-net, made 
of nylon or of another chemically inert material, for the 
control vessels and another for all the test vessels 
(6.2)] shall be used. 

6.2 Test vessels, of capacity at least 45 litres. Their 
sides shall be covered with an opaque material to 
minimize disturbance of the fish. 

Before use, carefully wash new test vessels and then 
rinse successively with water and the dilution water 
(5.1). At the end of the test, empty the vessels, clean 
them, for example with a non-ionic detergent (fol- 
lowed by acid and solvent washes for substances 
expected to adsorb strongly to the vessel), rinse with 
water to remove all traces of the test substance and 
cleaning aid, and dry. 

Rinse test vessels with dilution water (5.1) just before 
use. 

6.3 Temperature control, to maintain the tempera- 
ture of the test solutions and the water in the fish 
stock tanks in the range l2,5 “C to 17,5 “C and to 
regulate it within + 1 “C. - 

6.4 Solution-replacement equipment, comprising 
a dosing and mixing apparatus capable of maintaining 
the required concentrations of the stock Solution in 
the test vessels to within 10 % of the mean. The ap- 
paratus shall be set to renew the test solutions in the 
vessels at a rate which is sufficient to prevent the 
concentration of dissolved Oxygen in the vessels from 
falling below 70 % air Saturation value (ASV). 

5.3 Test solutions 
6.5 Equipment for marking fish 

Prepare test solutions by adding appropriate amounts 
of the stock Solution of the test substance (5.2) to the 
dilution water to give the required concentrations 
(8.2). lt is recommended that when a stock Solution 

If individual fish are to b e marked, one of several 
techniques is permissible, for exampl e freeze brand- 
Ing. 
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