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APPROVED PAPER ON
TEST METHOD FOR ACUTE TOXICITY TO DAPHNIA MAGNA

RATIONALE

Aquatic invertebrates are the most common food link between
plankton and desirable fish and shell fish. The acute to-
xicity testing of a new chemical to invertebrates is there
fore an important element in the preliminary assessment of
its impact on aquatic systems as requested at the Base Set
Level of the EEC 6th Amendment.

The most widely performed and economical acute tests on
invertebrates use Daphnia Magna. This convenient and re-
presentative fresh water invertebrate has a high sensiyi-
vity to chemicals, is easy to breed and culture in %abo-
ratory conditions, and has a short life-cycle.

Because of these characteristics, Daphnia Magna has
been used by many researchers in chronic toxicity tests.

CURRENT METHODOLOGY

The most intermationally recognised method is the ISO
draft standard ISO/DIS 6341 for acute toxicity testing

of Daphnia Magna, currently submitted to vote to becore
an official ISO standard (vote opened on 30 August 1979).
It is a static test method.

This method aims at determining the concentratisn of the
test chemical that inhibits the mobility of 507 of the
number of Daphnia Magna after 24 hours of test exposure.
This concentration is called the 24-hour ECg5p (instead

of 24-hour LC5qy used when lethality is the measured effect

An early version of ISO/DIS 6341 method was ring-tested

in 1979 under the auspices of the EEC Commission. The
interlaboratory reproducibility for water-soluble compound
was found satisfactory in spite of some flexibility left
in the method on a few parameters. No satisfactory stan-
dard methodology exists for compounds with a low water
solubility (2).

Similar test methods (see Appendix) are currently being
discussed in National Standardisation Associations in
France, Germany and Holland.



Sometimes these offer a better definition of test para-
meters and are likely to show higher reproducibility
than the ISO method with which, however, they are lar-
gely compatlble.H‘Th1s “higher reproducxblllty is not
critical for the information requlred at the Base Set
Level of the 6th- Ameéndment. It is expected that these
various test methods and the ISO/DIS 6341 standard pro-
posal will also produce a similar acute toxicity reading
on-‘Daphnia Magna, with an acceptable interlaboratory re-
produc1b111ty, wel{ w1th1n an order of magnitude.

IMPORTANCE OF SOME TEST PARAMETERS o

ey

} 'I‘est dufatlon"‘:":“' y : § ‘. A

1 A o=

1 .-M:‘

1Because of'the “short life-cycle of Daphnia Magna
(8~10 ,days) a test duration of 24 hours is quite
suff1c1ent to test .acute effects of chemlcals '

"48-hour 1nvest1gat10ns, but such tests must nd‘ﬂbé'
conducted in‘test tubes where oxygen depletion
could occur, 'but "in beakers where this depletion
‘1s less likely.

Y with respect to “the “short 11fe cycle of Daphnla'
Magna, tests longer than 48 hours cannot be regar-
2. ded as acute ‘tests. Such tests would also require
quite different testing procedures in order to
"avoid“starvation-of the test organism, depletion
of oxygen and depletlon of the test chemical concen-

tration. .

3.2. Test concentration -

The objective ‘of any EC 50 test is to determine a
concentration effect, which supposes a constant con-
centration during the test. It will normally not

be necessary to have analytical determinations.

These test concentrations are thus nominal and the
resulting 24 hours EC 50 is calculated from nominal
concentrations. When there are reasons to believe
that the concentration during the test will reduce
substantially e.g. by volatility and/or biodegrada-
tion of the chem1ca1 the test will be adapted accor-
”dlngly oo e
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3.3. Statie versus continuous flow systems

?ij‘Static"tésté’éfe adéquate for a large'ﬁumber of
“ﬂ:chemlcals whlch show stable concentrations during
"~ -the test- exposure"‘
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Chemicals that are rapidly degradable or volatile,
or that would easily adsorb on the glastare, might
require more sophlstlcated technlques in order to
keep’ the test concentrations constant. Continuous
.flow systems with automatic dilution of the test
compound into various test- concentratlons are pre-
ferred for these chemlcals :
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) To our knowledge, contlnuous flow’ systems adapted
“mmufor Daphnl& tox1c1ty tests] . have onIy been experi~-
‘ mentally examined by U.S. laboratories and are
.under dlscus510n at ASTM...Currently no standard

—a I) _\ [N
iR ethod»hased ‘on~d contindods flow system exists.
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Lh: Water' quilidy

Daphnia Magna 'is a hard water species. "For this
reason water hardrness limits are indicated together
with” pH_llmlts in the ISO/DIS 6341 proposed standard
(1).7 This IS0 proposed”standard offers, howevér,
the flexibility to use any source of ‘water (désalo-
rinated tap water, well water, reconstituted water
startlng from” déeionized &t" dlstllled water).. Séveral
fing tests’ “Havé indeed shown that the standardisation
of water is_not critical to the test result (within
an "order of - magnltude) prov1ded that the water used
complles with the requirements of hardness and pH
and éonteins no tokiéant " The water should anyway,

and’ allow them to. reproduce normally

It is‘recommended to use, as dilution water for the
toxicity test, the same water quality as that used
for culturing the test organisms. When a high re-
producibility of the test result is required, a
strict formulation of reconstituted water using de=
ionized watefr and selected salts is preferable and
higly recommended, instead of the flexibility des-
cribed above. In this respect, the formulation of
water as described in the draft of the DIN 38412
method (3) or in the draft of the Dutch NEN 6501/
6503 method (4) seem quite satisfactory. Recent
experiments by Muller (5) have shown the importance
of defining the alkalinity (0,8 m mole/l), the Ca
Mg mole ratio (4:1), and the Na : K mole ratio (10
1). "These parameters have an influence on the to-
x1c1ty response of Daphnia Magna to K2 Cry 07.
Imposing~a correct-value—on- these parameters will
optlmlze the life conditions of the test organisms
and 1mprove the reproducxblllty of the test method
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4, CALCULATION OF THE Ec50 5f Cee i s inmiizaced o

3.5. The use of a standard reference material
The use of a standard material glves'a'reasodable
1nd1catlon that the 'strain of Daphnia ‘has’ not drlfted
in sensxt1v1ty ’ Potass1um bichromate ‘has proven to
be a convenient 'standard ‘in this respect in the va-
rious ring tests where it was used.It must be reco-
gnlzed however that its tox1c1ty may vary if alkali-
nity,’ hardness, Ca -3 Mg ratio -and Na'-;K lratfo ‘are
not defined. ““Therefore it does mot Seem °to make much
sense ‘tog imposeé a range of values for K. Cr 04 to-
x1c1ty to - valldate test results, as'long las“these
water‘quality "Parameters are not rigorously - ‘fixed.

The current flex1b111ty on water sources as shown
in.‘the "T'S0_draft is not compatible with a given
narrow range of KZ Cry 07 toglc1tz:value§.
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Four methods can be used to calculate the E050 B ; ;]-

= thchfleld J Tr—and :Wilcoxon F (1949),LA sxmpllfledA
method of evaluatlng dose-effects experlments, J. Phammc.
Expﬂhmmp,96 99qk13”-1j5-: - - .
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- Flnney D J (1971) Problt Aqaly51s,"a_br1dge Un1vers1ty
Press-: - - .- .5 .
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- BllSS C I (1938) The determlnatlon of - theAdosage-
mortality curve from small numbers. Quant J. Pharm.
and Pharmalcol. (1938) ‘1""192 216. S S R T

PEEEE ~a -..'.,,.,.

- Thomson W.R. fl§£7)_ The use of mov1ng_average ‘and
interpolation to estimate the medium effective. dose,
Bacteriological Reviews 11, 2 S. 115-145,

The graphlcal determlnatlon of the EC50 on problt log
paper is quite acceptable. In some instances, the EC50
cannot be calculated and it is often sufficient to give
the maximum tested concentration with no lethal effect
(ECp) and the minimum tested concentration with 1007
lethal effect (EC OO) When this range EC

is narrow this 1nformat10n can advantageously rep?ace
the ECgq. -
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For the type of tox1c1ty 1nformatlon requlred 1n the -
Base Set of. .the. EEC 6th Amendment ». a very—hlgh.reprodu—

c1b111ty of ‘this test is not essential.



Therefore it is recommended to use preferentially the
ISO/DIS 6341 standard method proposal, which offers
enough flexibility for easy harmonisation.

Other test protocols as listed in the Appendix should
also be allowed, since they are compatible with the
test conditions of ISO/DIS 6341. (1)

One must also recognize the limitation of static methods
when the test compounds are volatile or rapidly degrada-
ble. In such cases, continuous flow test systems should
be used in order to maintain constant the test chemical
concentration throughout the time of exposure.

Tests protocols using continuous flow systems still have
to be developed.

The same remark applies for the investigation of chemicals
with low water solubility. For these, adequate methodolo-

gy must still be developed.
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