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If the same batch of sludge is required to be used on subsequent days (maximum four
days), a further 50 mi of synthetic sewage feed is added at theend of each working day.

+ Test conditions

Duration/ 30 minwes and/or 3 hours, during which aeration takes place
contact time :

Vessels : Beakers are suitable

Water : Drinking water {dechlorinated if necessary)

Alr supply : Clean, oil-free air. Air flow 0.5 to 1 litre/minute

Measuring Flat bottom flask such as a BOD-flask (see Figure 1}
apparatus :

Oxygen meter : Polarographic oxygen electrode, connectable to a potentiometric

recorder (200 mV range)

Nutrient solution ; Synthetic sewage feed (see above)

Test substance : The test solution is freshly prepared at the start of the test
Reference substance : e.g. 3,5dichlorophenol (at least 3 concentrations)
Controls : Innoculated sample without test substance

Temperature : 20‘:*: 2°C

*» Performance of the tesgt

A suggested experimental procedure which may be followed for both the test and
reference substance for the 3-hour contact period is given below :

— Several vessels (e.g. 1-litre beakers) are used.
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~ Attime "0", 16 mi of the synthetic sewage feed are made up to 300 ml with water, 200 ml
of microbial inncculum are added and the total mixture (500 ml) poured into a first vesel
(first control C,). Aerationat (.5to 1 litre per minute is commenced using a Pasteur-pipette
as aeration device.

— Attime "15 min" (15 minutes is an arbitrary, but convenient, interval) the above is repeated,
except that 100 ml of the test substance stock solution are added to the 16 ml of synthetic
sewage before adding water to 300 ml and microbial innoculum to make a volume of
500 mi. This mixtuze is then poured into a second vessel and aerated as above. This process
is repeated at 15-minute intervals with different volumes of the test substance stock solution
to give a series of vessels containing different concentrations of the test substance. Rnally,
a second control (C,) is prepared.

- After three hours the contents of the first vessel are poured into the measuring apparatus and
the respiration rate is measured over a period of up to 10 minutes ; the measuring can also

be carried out directly in the vessel.

— This determinaticn is repeated on the contents of each vessel at 15-minute intervals, in such
a way that the contact time in each vessel is three hours.

The reference substance is tested oneach batch of microbial innoculum in the same way .

A different regime {e.g. more than one oxygen reter) will be necessary when
measurements are to be made after 30 minutes of contact.

If measurement of the chemical oxygen consunrption is required, further vessels are
prepared containing test substance, synthetic sewage feed and water, but no activated sludge.

Observations

Oxygen consumption is measured and recorded after an aeration time of 30 minutes
and/or 3 hours (contact time),



209

page 8

" Activated Sludge, Respiration Inhibition Test"

3. DATA AND REPORTING

* Treatmentofresults

The respiration rate is calculated from the recorder trace as mg Oy1Lh between
approximately 6.5 mg O/l and 2.5 mg O/}, or over a 10 minute period when the respiration
rate is low. The portion of the respiration curve over which the respiration rate is measured
should be linear.

Inorder to calculate the inhibitory effect of a test substance at a particular concentration,

the respiration rate is expressed as a percentage of the mean of the two cantrol respiration
rates :

ZR.! - o
1 -~ ———— , 100 = per cent inhibition

Rcl M Rcz
where
R, = oxygen-consumption rate at tested concentration of test substance
Ry = oxygen-consumption rate, Control 1
R, = oxygen-consumption rate, Control 2

if the respiration rates of the two controls are not within 15 per cent of each other or the
EC 50 (3 h) of the reference substance is not in the accepted range (5 to 30 mg/l for 3,5-
dichlorophenat), the test is invalid and must be repeated.

The per cent inhibition is calculated at each test concentration as above. The per cent
inhibition is plotted against concentration onlog-normal (or log-probability )paper and an EC 50
value derived.

95 per cent confidence limits forthe EC 50 values can be determined using standard
procedures. In view of the variability often observed in the results, it is recommended that the
results be expressed in orders of magnitude, e.g. less than 1, 1 to 10, 10 to 100, etc. (in mg/1).
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« Interpretation of resulits

The EC 50 value should be regarded merely as a guide tothe likely toxicity of the test
substance either to activated shudge sewage treatment or to waste-water micro-organisms, since
the complex interactions occuring in the environment cannot be accurately simulated in a
laboratory test.

* Testreport

The test report should include the following information :
Test substance : chemical identification data
Test system : source, concentration and any pretreatment of the activated sludge

Test conditions :

!

test temperature

test duration

reference substance and its measuwed EC 50

I

abiotic oxygen uptake (if any)
Results :

all measured data

I

— inhibition curve and nethod for calculation of EC 50
— EC 50 and, if possible, 95 per cent confidence limits, EC 20 and EC 80

— all observations andany deviations from this test guideline which could have influenced the
result

4. LITERATURE

1. International Standard ISO/TC 147/SC 5/WC 1, N53 No. D (June 1981).
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2. B. Broecker and R. Zahn, Water Research 11, 165 (1977).

“

D. Brown, HR. Hitz and L. Schaefer, Chemosphere 16, 245 (1981)}.

4. ETAD (Ecclogical and Toxicological Association of Dyestuffs Manufacturing Industries)
Recommended Method No. 103, also described by :

5. B Robma, Wasser/Abwasser 117, 80 (1976) and
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Adopted:
17.07.92
OECD GUIDELINE FOR TESTING OF CHEMICALS
Adopted by the Council on 17" July 1992
Fish, Early-life Stage Toxicity Test
INTROD UCTION
L. Tests with the early-life stages of fish are intended to define the lethal and sub-lethal effects

of chemicals on the stages and species tested. They yield information of value for the estimation of
the chronic lethal and sub-lethal effects of the substance on other fish species.

2, This guideline is based on a proposal from the United Kingdom which was discussed at a
meeting of OECD experts convened at Medmenham (United Kingdom) in November 1988.

PRINCIPLE OF THE TEST
3. The early-life stages of fish are exposed to a range of concentrations of the test substance

dissolved in water, preferably under flow-through conditions, or where appropriate, semi-static
conditions. The test is begun by placing fertilised eggs in the test chambers and is continued at least
until all the control fish are free-feeding. Lethal and sub-lethal effects are assessed and compared with
control values to determine the lowest observed effect concentration and hence the no observed effect
conceptration (see Annex 1 for definitions).

INFORMATION ON THE TEST SUBSTANCE

4. Results of an acute toxicity test (see Guideline 203), preferably performed with the species
chosen for this test, should be available. This implies that the water solubility and the vapour pressure
of the test substance are known and a reliable analytical method for the quantification of the substance
in the test solutions with known and reported accuracy and limit of detection is available.

5. Useful information includes the structural formula, purity of the substance, stability in water
and light, pK,, P, and results of a test for ready biodegradability (see Guideline 301).

VALIDITY OF THE TEST
6. For a test to be valid the following conditions apply:

- the dissolved oxygen concentration must be between 60 and 100 per cent of the air
saturation value throughout the test;
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- the water temperature must not differ by more than + 1.5°C between test chambers or
between successive days at any time during the test, and should be within the temperature
ranges specified for the test species (Annexes 3 and 6);

- evidence must be available to demonstrate that the concentrations of the test substance in
solution have been satisfactorily maintained within + 20% of the mean measured values;

- overall survival of fertilised eggs m the contrels and, where relevant, in the solvent-only
controls must be greater than or equal to the limits defined in Annexes 3 and 6;

- when a solubilising agent is used it must have no significant effect on survival nor produce
any other adverse effects on the early-life stages as revealed by a solvent-only control.

D IPTION OF THE METHQD
Test chambers

7. Any glass, stainless steel or other chemically inert vessels can be used. The dimensicns of
the vessels should be large enough to allow compliance with loading rate criteria given below. It is
desirable that test chambers be randomly positioned in the test area. A randomised block design with
each treatment being present in each block is preferable to a completely randomised design. The test
chambers should be shielded from unwanted disurbance.

Selection of species

8. Recommended fish speciesare given in Table la. This does not preclude the use of other
species (and examples dre given in Table 1b), but the test procedure may have to be adapted to
provide suitable test conditions. The rationale for the selection of the gpecies and the experimental
method should be reported in this case.

Holding of the brood fish
9. Details on holding the brood stock under satisfactory conditions may be found in Annex 2 and

the references cited (1)}(2)(3).
andlj embryos and |

10. Initially, embryos and larvae may be exposed within the main vessel in smaller glass or
stainless steel vessels, fitted with mesh sides or ends to permit a flow of test solution through the
vessel. Non-turbulent flow through these small vessels may be induced by suspending them from an
arm arranged to move the vessel up and down but always keeping the organisms submerged.
Fertilised eggs of salmonid fishes can be supported on racks or meshes with apertures sufficiently large
to allow larvae to drop through after hatching.

11, Where egg containers, grids or meshes have been used to hold eggs within the main test
vessel, these restraints should be removed after the larvae hatch, according to the advice in Annex 2,
except that meshes should be retained to prevent the escape of the fish. If there is a need to transfer
the larvae, they should not be exposed to the air and nets should not be used to release fish from egg
containers. The timing of this transfer varies with the species and transfer may not always be
necessary.
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Water

12.  ~ Any water in which the test species shows control survival at least as good as that described
in Annexes 3 and 6 is suitable'as a test water. It should be of constant quality during the period of
the test. In order to ensure that the dilution water will not unduly influence the test result (for
example by complexation of test substance) or adversely affect the performance of the brood stock,
samples should be taken at intervals for analysis. Measurements of heavy metals (e.g. Cu, Pb, Zn, Hg,
Cd, Ni), major anions and cations (e.g. Ca, Mg, Na, K, Cl, S0,), pesticides, total organic carbon and
suspended solids should be made, for example every three months where a dilution water is known
to be relatively constant in quality. Some chemical characteristics of an acceptable dilution water are
listed in Annex 4.

Fest solutiens
13. For flow-through tests, a system which continually dispenses and dilutes a stock solution of

the test substance (eg metering pump, proportional diluter, saturator system) is required to deliver a
series of concentrations to the test chambers. The flow rates of stock solutions and dilution water
should be checked at intervals during the test and should not vary by more than 10% throughout the
test. A flow rate equivalent to at least five test chamber volumes per 24 hours has been found suitable

Gy}

14. The use of solvents or dispersants (solubilising agents) may be required in some cases in order
to produce a suitably concentrated stock solution.

15. For the semi-static technique, two different renewal procedures may be followed. Either new
test solutions are prepared in clean vessels and survivings eggs and larvae gently transferred into the
new vessels, or the test organisms are retained in the test vessels whilst a proportion (at least two
thirds) of the test water is changed.

PROCEDURE
16. Useful information on the performance of fish early-life stage tests is available in the literature,

some examples of which are included in the literature section of this text (1)(4X5)(6)(7)(8).
Condijtions of Exposure
Duration

17. The test should start as soon as possible after the eggs have been fertilised, the embryos
preferably being mmersed in the test solutions before cleavage of the blastodisc commences, or as
close as possible after this stage. The test should continue at least until all the control fish have been
free-feeding. Test duration will depend upon the species used. Some recommmended durations are
given in Annexes 3 and 6.

adin

18. The number of fertilised eggs at the start of the test should be sufficient to meet statigtical
requirements. They should be randomly distributed among treatments, and at least 60 eggs, divided
equally between at least two replicate test chambers, should be used per concentration. The loading
rate (biomass per volume of test solution) should be low enough in order that a dissolved oxygen
concentration of at least 60% of the air saturation value (ASV) can be maintained without aeration.
For flow-through tests, a loading rate not exceeding 0.5 g/l per 24 hours and not exceeding 5 g/l of
solution at any time has been recommended (1).

3/18

210



210

OCDE/ OECD
Light and te mperature
19. The photoperiod and water temperature should be appropriate for the test species (see
Annex 3).
Feeding
20. Food and feeding are critical, and it is essential that the correct food for each stage should be

supplied from an appropriate time and at a level sufficient to support normal growth. Feeding should
be ad libitum whilst minimising the surplus. Surplus food and faeces should be removed as necessary
to avoid accumulation of waste. Detailed feeding regimes are given in Annex 2 but, as experience 1§
gained, food and feeding regimes are continually being refined to improve survival and optimise
growth. Effort should therefore be made to confinm the proposed regime with acknowledged experts.

Test conceptyations

21. Normally five concentrations of the test substance spaced by a constant factor not exceeding
3.2 are required. The curve relating LC50 toperiod of exposure in the acute study should be
considered when selecting the range of test concentrations. The use of fewer than five concentrations,
for example in limit tests, and a narrower concentration interval may be appropriate in some
circumstances.  Justification should be provided if fewer than five concentrations are used.
Concentrations of the substance higher than the 96 hour LC50 or 10 mg/l, whichever is the lower,
need not be tested.

22. Where a solubilising agent is used its concentration should not be greater than ¢.1 miA and
should be the same in all test vessels. However, every effort should be made to avoid the use of such
materials.

ontrols

23. Omne dilution-water control and also, if relevant, one control containing the solubilising agent
should be run in addition to the test series.

e nalyt and Measurg ment
24. During the test, the concentrations of the test substance are determined at regular intervals to
check compliance with the validity criteria. A minimum of five determinations is necessary. In
studies lasting more than one month determinations should be made at least once a week. Samples
may need to be fiitered (e.g. usng a 045 pm pore size} or centrifuged to ensure that the
determinations are made on the substance in true solution.

25. During the test, dissolved oxygen, pH, total hardness and salinity (if relevant) and temperature
should be measured in all test vessels. As a minimum, dissolved oxygen, salinity (if relevant) and
temperature should be measured weekly, and pH and hardness at the beginning and end of the test.
Temperature should preferably be monitored continuously in at least one test vessel.

ervations
26, Stage of embryonic development: the embryonic stage at the beginning of exposure to the test
substance should be verified as precisely as possible. This can be done using a representative sample

of eggs suitably preserved and cleared.

27. Hatching and survival: observations on hatching and survival should be made at [east once
daily and numbers recorded. Dead embryos, larvae and juvenile fish should be removed as soon as
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observed since they can decompose rapidly and may be broken up by the actions of the other fish.
Extreme care should be taken when removing dead individuals not to knock or physically damage
adjacent eggs/larvae, these being extremely delicate and sensitive. Criteria for death vary according
to life stage:

- for eggs: particularly in the early stages, a marked loss of translucency and change in
colouration, caused by coagulation and/or precipitation of protein, leading to a white opaque
appearance;

- for embryos: absence of body movement and/or absence of heart-beat,

- for larvae and juvenile fish: immobility and/or absence of respiratory movement and/or
absence of heart-beat and/or white opaque colouration of central nervous system and/orlack
of reaction to mechanical stimulus.

28. Abnormal appearance: the number of larvae or fish showing abnormality of body form shouid
be recorded at adequate intervals depending on the duration of the test and the nature of the
abnormality described. It should be noted that abnormal embryos and larvae occur naturally and can
be of the order of several per cent in the control(s) in some species. Abnormal animals should only
be removed from the test vessels on death.

29. Abnormal behaviours abnormalities, e.g. hyperventilation, unco-ordinated swimming, atypical
quiescence and atypical feeding behaviour should be recorded at adequate intervals depending on the
duration of the test. These effects, although difficult to quantify, can, when observed, aid in the
interpretation of mortality data and influence a decision to extend the exposure period beyond the
recommended duration.

30. Weight: at the end of the test all surviving fish must be weighed. Individual weights are
preferred but, if the fish are especially small, they may be weighed in groups by test vessel. Dry
weights (24 hours at 60°C) are preferable to wet weights (blotted dry).

31. Length: at the end of the test, measurement of individual lengths is recommended; standard,
fork or total length may be used. If however, caudal fin rot or fin erosion occurs, standard lengths
should be used.

32. These observations will result in some or all of the following data being available for statistical
analysis: ' ‘

- cumulative mortality;

- mumbers of healthy fish at end of test;

- time to start of hatching and end of hatching;

- numbers of larvae hatching each day;

- length and weight of surviving animals;

- numbers of deformed larvae;

- mumbers of fish exhibiting abnormal behaviour.

D DR
Treatment resul

33. It is recommended that a statistician be involved in both the design and analysis of the test
since this Test Guideline allows for considerable variation in experimental design as, for example, in

5/18
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the number of test chambers, nurnber of test concentrations, starting number of fertilised eggs and in
the parameters measured.

34, In view of the options available in test design, specific guidance on statistical procedures is
not given here. However it will be necessary for variations to be analysed within each set of replicates
using analysis of variance or contingency table procedures. In order to make a multiple comparison
between the results at the individual concentrations and those for the controls, Dunnett's method may
be found useful (9)(10). However, care must be taken where applying such a method to ensure that
chamber to chamber variability is estimated and is acceptably low. Other useful examples are also
available (1)(6)(11).

Interpretation of results

35. The results should be interpreted with caution where measured toxicant concentrations in test
solutions occur at levels near the detection limit of the analytical method.

Test report

36. The test report must include the following information:
Test substance:

- physical nature and, where relevant, physicochemical properties;
- chemical identification data.

Test species:

- scientific name, strain, source and method of collection of the fertilised eggs and
subsequent handling.

Test conditions:

- test procedure used (e.g. semi-static or flow-through, loading);

- photoperiod(s),

- test design (e.g. number of test chambers and replicates, number of embryos per
replicate); ,

- method of preparation of stock solutions and frequency of renewal (the
solubilising agent and its concentration must be given, when used);

- the nominal test concentrations, the means of the measured values and their
standard deviations in the test vessels and the method by which these were
attained and evidence that the measurements refer to the concentrations of the test
substance in true solution;

- dilution water characteristics: pH, hardness, temperature, dissolved oxygen
concentration, residual chlorine levels (if measured), total organic carbon,
suspended solids, salinity of the test medium (if measured) and any other
measurements made;

- water quality within test vessels, pH, hardness, temperature and dissolved oxygen
concentration;

- detailed information on feeding (e.g. type of food(s), source, amount given and
frequency).
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Results:

- evidence that controls met the overall survival acceptability standard of the test
species (Annexes 3 and 6);

- data on mortality/survival at embryo, larval and juvenile stages and overall
mortality/sarvival;

- days to hatch and numbers hatched;

- data for length and weight;

- incidence and description of morphological abnommalities, if any;

- incidence and description of behavioural effects, if any;

- statistical analysis and treatment of data;

- no observed effect concentration for each response assessed (NOEC);

- lowest observed effect concentration (at p = 0.05) for each response assessed
(LOEC),

- any concentration-response data and curves available.

Discussion of the results.
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TABLE 1A: FISH SPECIES RECOMMENDED FOR TESTING

FRESHWATER

Oncorhy nchusy my kiss
Rainbow trout

Pjmephales promelas
Fathead minnow

Brachydanio_rerie
Zebra fish

i ')
Ricefish

SALTWATER

Cyprinodon varegatuy
Sheepshead minnow

TABLE 1B: P
BEEN USED"

FRESHWATER

e

Oncorhy nchus Ksutch
Coho salmon

Oucorfy nchius tschaw ytscha
Chinock salmon

Satmo trutta

Brown trout

Salmo salar

Atlantic salmon

Salvelimry forinalis
Brook trout

Salvelinus namaycush
Lake trout

Esox licius

Northemn pike

Catostormss ¢ omrmerson
White sucker

Lepomis ma¢ rochiros
Bluegill

Ictalurys punctatus
Channel catfish

rdanella flors

Flagfish

Gasterostens aculeatuy
Three-spined stickleback
Cyprigus carpie
Common carp

SALTWATER

_

Menidia menidia
Adantic silverside

Tidewater silverside

———

' Feeding and handling requirements of brood and test animals, test conditions, duration and
survival criteria for these species can be found in Annexes 2, 3, 5 and 6.
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ANNEX 1

DEFINITIONS

Lowest observed effect congcentration (LOEC) is the lowest tested concentration of a test substance
at which the substance is observed to have a significant effect (at p < 0.05) when compared with the
control. However, all test concentrations above the LOEC must have a harmful effect equal to or
greater than those observed at the LOEC,

No observed effect concentration (NOEC) is the test concentration immediately below the LOEC.
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