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RATIONALE

Aquatic invertebrates are the most common food
chain link between plankton and fish. The chronic
toxicity testing of a new chemical substance with
invertebrates is therefore one of the most rele-
vant tests for assessing more precisely the
aquatic ecotoxicity of a substance.

In the EEC 6th Amendment of the 1967 Directive,

a prolonged study of this type is required when
(1) production volume reaches 100 tonnes per year
or a total of 500 tonnes; (2) for lower tonnages

when results from the base set (annex VII) suggest

a risk of chronic effects.

The objective of this test is the estimation of

the "'No. Observed Effect Concentration'" (NOEC) with
respect to lethality and reproduction when Daphnia

Magna are exposed. to a chemical throughout a full
life-cycle for at least three consecutive broods.

APPLICABILITY

The test 1s most suitable for chemicals and com-
pounds that are soluble or truly dispersed under

the test condition. Special measures may be required
to test, for example, insoluble, strongly adsorbing,

readlly degradable or volatile compounds. When spe-

c1al measures “to overcome these difficulties are

taken, they should be clearly mentioned together with
the results Since these results could lack environ- .

mental relevance they requlre careful interpreta-
tion.

CURRENT METHODOLOGY

Methodologies have been proposed by OECD, DIN,
TNO (NEN), ASTM, and A.W. Maki - see references
1 to 5 on page 8

Except for _the paper by - Makl -.all the other
documents are still in draft form, and therefore
liable to be modified.
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4. IMPORTANCE OF SOME TEST PARAMETERS

4,1, Test Design
The u1t1mate objective of the test is to
\iﬂ “establish an NOEC for the surv1Va1 and repro-
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10veThe-tést design” must be practlcal """ randr pko-

viit yide:at the same’ time for. éach coficentration
e

1uitgegufficiéentinumber of replicates of total
Daphnia to enable a correct statlstlcal in-

In theerpfetationsof datazf th: 17097 Directiva,
a proljaged study of this wire is vecuired whon

(1) rAfter"accareful-réview of the etatistics = -
re related” to this type of test the folloWlng
waen comments ¢an be made? : -7 ¢ .o2xm VIT) cuoccono
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i. Generally the more rep11cates that are -y
used the better the precision’ of resulty
‘and the fewer the total number of animils
Tespect f:cpért‘cohééntfat’ibn rec‘luir‘éd; Based’)on:the
’ limited experlence "with” unexposed Daphnla,
e-cvcleagiminitum  oft 4-réplicatés per eonéentra-
tion and a minimum of 20 parent Daphnia
ST «  <iiper concentration are considered neces-
. sary.
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i. No - optlmal”'test_de51gn can’ be. specified
e -unless the variance of daphnia. juvenile.
production can besaccurately assessed
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.. .iii. In thls type of experlment each’ test con-

o 3<centrat10n is compared to the control N

A -According to.Dunnett (6) and Williams (7,8),
for optimising the statistical interpre-
tation the number of Daphnia in the con-
trol should be higher than that in each
test concentration. When is the number of
tested concentrations (excluding the
-control) andm is the number of animals
per test concentration, the control should
contain Vﬁ:m animals.

4 2._Test Crlterla ::’ .,f:
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1‘“’”Th “fodlowing criteria are 1nd1cated

4.2.1. Mandatory observations :

1. Lethality for the parent generation (Fo)
as a function of time.
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Gross reproduction rate : this is the
total ‘number of F, animals born by the

.. irend of the test divided by the number of

" parent animals, Fo'

<~‘Seme-efltheuF~ generation may-.die during

OEtlonal test observatlons : i - o o2

ii.

the test, in.° which case the ratio F /F
is a measure of the combined effects

of the’test compound on’'lethality and re-
production. To exclude the effect on
.lethality,-the ratio F /F._.should.be com-
,puted;at“each observatlon‘timécusiﬁg~the
smean number, of the parent generation alive
durlng the preced1ng stage of the test.

_,.,_..._,<

NOEC values for a11 test mater1als should

"be determined as the highest measured test

concentration causing no significant effect

on - letha11ty and reproductlon rate.-f -4
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Any relevant observat1ons ‘on” thé~ growth of
- ae . _
the parent generatlon and/or on the Iag

tlme before reproduct1on starts. e

o

o —

Any: observable anomaly of the behav1our and

appearance of F and F] animals.

Test Durat1on

All

methods listed above, except the OECD’

proposed draft, require a minimum test duration
of 3 brood cycles It appears from experience

that 21

This duration complles with the EEC proposal.

Test Concentration

The

concentrations of test substances in the

solutions to which the Daphniae are exposed
should be kept constant so as to avoid signi-
ficant variation. If possible, the concentra-
tion of the test chemical should be determined
in the test solution. When no analytical veri-
ificationis*® “given it should be explained why
“this is ndt necessary or not.feasible.

days is adequate to obtain usable" results.
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Most tests described above are of the semi-
static type where the renewal of the test solu-
tion is made every 48 hours, or on Mondays,
Wednesdays, Fridays. Chemicals that are rapidly
degradable or volatile, or that would easily
adsorb on the glassware, might require more
sophisticated techniques in order to keep the
test concentrations constant. Continuous flow
systems with automatic dilution of the test
compound to the various test concentrations
would be preferred for these chemicals.

Continuous flow systems are broadly available,
but experience with these for chronic Daphnia
toxicity testing is limited.

To determine the NOEC of a chemical, 5 test
concentrations are usually taken within the

range 24 h - LC.,, and 0,01 - 24 h - LC. ..
50 50

Water Quality

In principle synthetic water (bidistilled +
adequate salts; deionised + analytical grade
active carbon filtration + adequate salts)
would be preferred both for culture and test,
in order to improve standardisation. Synthetic
media that have proved to give satisfactory
results are mentioned in the Dutch NEN (5a) and
German DIN (3) draft proposals (both semi-
static procedures).

In some cases a good-quality water of natural
origin can be used provided one can demonstrate
constant quality; adequate hardness, pH and dis-
solved oxygen; and that it causes no more than
207 lethality in controls.

Tap water will usually not fulfil these
requirements.

Temperature of the Test

+
Cultures and tests should be rum at 20 - 1° C
This temperature should be maintained since it
greatly influences the reproduction rate.
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4.7. Test Animals -

B

The most commonly used spec1es is Daphnla Magna,
‘whose size makes counting juveniles easy. The
. Daphnia .must be' of uniform age and be from a
healthy, single—species culture in which repro-
~ductioniis asexual.L P 0 .

a ot o 7
The test must begln with newly hatched Daphniae
(usually 24 hours maximum).

3o Lo pvat - T T S )

Quallty of thei Feed\= P ; mgun.z‘.

" In general the feed should meet the following
criteria :
a) good- growth and m1n1mal mortallty of
' Daphnla Magna parent ‘generation F“-“
b) good reproduction rate of Daphnia Magna F
c) causes no oxygen depletion;
. d) causes no difficulties with parasitic fungi;
“""e) causes no- problems w1th trace amoufits of toxic
: substances,j ST T T oL en T

ISRE

ooTITLol Diltoatioa RS ﬁr;L'_S)

1 3

Both therquality and- amount of feed'are ~of major
importance for the reproduction rate- of Daphnia
Magna. Current: experlence does not-allow: the.
definition of a "standard feed whlch would be’
better than any other. The feeds described in the
references seem adequate.

4.9. Lighting

The test must be conducted in a light-dark cycle
adequate to. prevent the production of ephippia,
for which a cycle of 14 hours light and 10 hours
dark has proved suitable.The light intensity
should be between 2000 and 3000 lux, and the light
source should be of the '"cool white" type.

5. VALIDATION OF RESULTS

The results of the test can be considered as valid
only when the following conditions are fulfilled

i. the lethallty of the parent generatlon F
in the control should be equal to or lesS than
207.

ii. reproduction in the control should start on
day 10 at the latest, from the beginning of
the test. '

iii. The mean value for the number of young pro-
duced per surviving Daphnia in the control
should be at least 60 at the end of the test.

iv. In the source culture and in the control no
ephippia should occur.
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TREATMENT OF DATA

The determination of NOEC, either for lethality to

F or reproduction, implies that data from each

test concentration be compared to the result obtained
on the control.

The evaluation of the significance of these diffe-
rences can be made with the help of statistical
methods (U-test, F test);see references 6 to 12.
Further experience with this test might indicate the
possibility of using statistical methods applied in
toxicology, which allow a determination of a theo-
rical No Effect Level (7,8). When the lethality of
the parent Daphniae (Fo) is very high, it is mea-
ningless to calculate reproduction rates of the
surviving animals.

REPORTING

7.1. Ideally, the report of the results of a toxi-
city test should contain all the information
necessary for the competent authority to j;dgé
the validity of the test and the techniques used.
In addition, sufficient data should be provided
to allow an independent assessment of the
result which may be expressed as the No Obser-~
ved Effect Concentration (NOEC) for the effect(s)
being determined (i.e. survival, production of
juveniles, etc...).

7.2, The following must be included in the report :

7.2.1. Adequate characterisation and identifi-
cation of the test sample.

7.2.2. A description of the method of dispersing
or solubilising the test material,if it
is not soluble or only partially soluble.

7.2.3. A description of the means of dispersing
in solution, and maintaining the concen-
tration of, the test material, if it is
volatile.

7.2.4. The Daphnia species and the strain used,
its culture method, and feeding regime.

7.2.5. The test method used. When a standard
method is used, a reference to it is
sufficient. Any deviations from it should
be reported, with reasons for them. When
the method is not standard, a full des-
cription should be given.
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2:6:,The spec1f1c test condltlons used and
AR L

thelr variability, partlcularly for’

dlssolved oxygen, pH, temperature and“
water hardness. . . e

T Y]

Z DNature of the d11ut10n water. If art1f1-

N ’c1a1,,the formulatlon used should be

cCoO . Q)
glven' 'if a standard 'formulatisn - is used
'only ‘the reference need be given. Where
natural water or treated natural water
is used, evidence of purity should be
glven.

glts :f . SR

B:fAustatement on Whether contlnuous ffowi
fenewal static, or static’ condltlon,

were used. . °
ol cherad oo o Lol

y - 4L

“A table of F and F. data’ at ‘each’ test
concéntratiof as a %unctlon of tlme,h'

“including’ controls, ‘and: dlspersant or T
solublllser controls, where appropriate.

5 7 2 10. ¥ lethality and reproductlon rate as

7.2.11

tgolndependent criteria. Thé most sensi-
tive feature should be . used to.determine
a No Effect Level or NOEC '

il

.The statistical method used; see
references 6 to 12, : ' iz
- - - A1
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