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The water flea, Daphnia magna Straus (Cladocera,

Crustacea) is the most commonly used zooplankton
species in toxicological tests. The use of D. magna
began with the works of Einar Naumann who in 1933 and
1934 published a series of 17 papers on the utilization
of D. magna as test animal (ref. Anderson 1980). After
wide range of purposes including mostly acute lethality
assays for pure materials and for complex industrial
discharges.

At present, the use of D, magna especially in the
toxicology has achieved a level of standardization (DIN
19823 IS0 1982; BS 19833 NF 1983) as an acute test. As
the data obtained often suggest that Daphnia species
are among the most sensitive aquatic organisms tested
(Buikema et al. 1980), the results have been used to
set water quality criteria (EFA 1973). Recommendations
have also been given by e.g. OECD (1981) concerning
long-term (314 d)} reproduction bioassays conducted on
Daphnia. Long-term chronic tests with pure materials

have been used to estimate maximum allowable toxicant
concentrations, MATCs (Winner and Farrel 192764).

In this paper the proposed Finnish standard (S5FS5 1984)
for both chemical and waste water testing is described
and results abtained from different industrial waste
waters by the test method concerned are presented.

MATERIAL AND METHODS

In the proposed Finnish standard (5FS 1984) it has not
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Frior to test, adult Daphnia, sorted by size are
isolated in separate beakers and yvoung water fleas less
than 24 hours old are used in the tests the following
day. Five individuals are placed in each test tube in
at least 10 ml of test solution. Three replicates are
used in each concentration. The stock solutions are
made according to the recommendation of I80-standard
(IS0 1982) but the final solution is diluted to one
fifth with distilled or deionized water, having a
maximum conductivity of 1.0 m8/m. The dilution water
thus prepared has a CatMg ratioc 4:1 and a hardness of
50 mg CaCO= which is in the same order of magnitude as
the measured median in the Finnish recipient waters
(Laaksonen 19270). The pH of the dilution water and the
samples investigated also is adjusted to pH 7.0 + 0.1
with dilute NaOH or HCl. When necessary, the dilution
water is aerated until the oxygen concentration
achieves the air saturation value. During the test, the
test vessels are kept at 20 + 2 ©C in the same illumi-
nation where the breeding was done (L:D > 16 h:_< 8 h).

For the calculation of 24h EC 30 (effective
concentration 50 %) the number of mobile Daphnia is
counted in each container. Those which are not able to
move in the 15 s following a gentle agitation of the
test vessel are considered to be immobilized. The
estimation method of EC 350 has not been standardized.
The method of Litchfield and Wilcoxon (194%9), probit
analyses (Finney 1971), IS80-standard method (IS0 1982)
and the power curve method (Nikunen 1983) are mentioned
as possible alternatives.

As in the other standards, KzCr-0- is mentioned as a
possible reference compound. The toxicity of it is
bigger (24h EC 350 0.1 - 0.2 mg/l) (SFS5 1984) than with
the I850-standard method (24h EC S50 0.9 - 2.0 mg/1l) (IS0
1984) mainly because of the lower hardness of the
dilution water used in the Finnish standard proposal.

In this study the number of mobile Daphnia was
calculated three times during the 24 hours’ test
period. Based on those observations, the median
survival time (M8T) in each concentration was
calculated by linear regression. The EC S50 values were
estimated +from at least four concentration/MST pairs
with power curve y = ax®, where y = concentration and x
= MGT. In this calculation method no preliminary tests
are usually needed, which is particularly advantageous
in waste water testing due to the minimization aof the

storage time of the sample.
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When necessary, the waste water samples are filtered
(e.g. Whatman GF/C}) in order to avoid the influence of
suspended solids on the swimming movements of water
fleas which might have some impact on the results
obtained.

The toxicity emission rate (TER) and toxicity emission
factor (TEF) were calculated as follows (Wong et al.
1978):

100
TER = ——————m—- x @ (1000 m¥™/d)
EC 30 (%)
100 8}
TEF = —=————e—— X ——— (m=/d)
EC S50 (%) F
where O = effluent volume per unit of time and P = the

corresponding productiaon per unit of time.

The waste water samples taken for the experiments were
mainly chosen by the local water authorities. The
majority of tested effluents were taken from the pulp
and paper industry which is the most important polluter
of the Finnish waters. The other waste waters chaosen
for the experiments came primarily from various plants
of chemical industry. All the investigated samples were
stored frozem (20 <=C) till the beginning of the
bioassays.

RESULTS AND DISCUSSION

The acute toxicity (24h EC 50 ) and the toxicity
emission values (TER and TEF) of different pulp and
paper process streams are expressed in Table 1. When no
acute lethal toxicity was detected (EC 50 > 100 %) the
toxicity emissions are expressed as zero even though
the non-detectability of toxicity can also be due to
the high dilution caused by large waste water volume.

The debarking waste waters gave the highest acute
toxicity for Daphnia. Their 24h EC 50 after filtration
were 0.63 and 3.4 percent. In addition, it has earlier
been noted that the toxicity of debarking effluents is
many times higher for rainbow trout (Salmo qairdneri
Richardson) (Nikunen 1983) and that they can be
respansible for the major part of the toxicity emission
of the whole mill (Holmbom and Lehtinen 19805 Nikunen
1983). In this study the toxicity emissions were not

especially large due to the small waste water volumes.
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The bleaching effluent samples from two relatively old
whole bleaching plants were also quite toxic (7.8 and
18 L). The difference between the toxicity emissions of
the two bleaching plants were striking and apparently
mainly due to the process technical differences. The
greater emission values were obtained from a
conventional whole bleaching plant and the smaller ones
were obtained from a one—-stage hypochlorite bleaching.
In the case of bleaching effluents it must be borne in
mind that their ecological impacts are mainly caused by
the sublethal effects of  bioaccumulative chlorinated
compounds which cannot be estimated by biocassays
measuring acute lethal toxicity.

Table 1. Acute toxicities and toxicity emissions of
neutralized pulp and paper waste waters.

Waste water «,.» 24h EC 50 (%) TER (1000m=/d) TEF (m™/%t)

x (Range) % (Range) " (Range)
Log basin<=, 63(51-74) = S
Debarking = 2.2(0.63-3.4)150(103-2086) -
Evaporationc., ?4 6.4 24
Bleaching (= ‘13(7.8—18) 190 (11-360) 980 (61-1900)
Sulphite, total (=, 3I5(25-4%) 160(110-210) 2035(8B0-FZ0)

Kraft, total, old.», 23(8.7->100) S570(0-2100) 740 (0-2Q00)
Kraft, total, newa, 74{(17->100) 150 (0-720) PZ0-220)
Building board«<., 49 1.4 8.0

Fluiting board, 24 43 81
semi—-chemical pulp(i>

The kraft pulp mills were roughly divided into two
groups according to the age of the mill. I+ the main
part of the factaory was built or modernized during the
last 20 vyears it was classified in the group of new
mills. The results obtained gave some support to the-
idea that the toxic emissions of modern mills are in
general smaller than the corresponding values of older
mills. However, the differences between various kraft
mills was marked. In three cases studied the acute
toxicity of effluents treated in aerated lagoons was
observed to be non—-detectable which indicates that a
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considerable reduction in the quantities of toxic
substances may occur in the biological purification.
Also a mechanical purification of one kraft pulp mill
effluent studied 1led to a toxicity reduction of 94
percent.

The EC 50 value and toxicity emissions of whole mill,
debarking and bleaching were all in the same order of
magnitude as reported in an earlier comparable  study
(Nikunen 1983). The reduction of acute lethal toxicity
of waste waters to a non-detectable level in an aerated
lagoon has also been noted earlier with water fleas
(Nikunen 1983). However, the detoxication percents were
in this study bigger than those revealed by bioassays
conducted on rainbow trout (Salmo gairdneri) (Walden and
Howard 19743 Holmbom and Lehtinen 19805 Miettinen et
al. 1982).

In the other 30 industrial waste water samples tested
the largest acute toxicity was detected in effluents
discharged +from plants producing chlorine (24h EC S0/
TER: 0.39/11.5), glue (4.7/0.07), viscose fibers
(0.17/12,000), stainless steel products (24/2.4), dairy
products (20/47) and pesticides and special chemicals
(26/0.98).

Toxic, biologically purified waste water was also
released from woal staining plant (24h EC SO/TER:
44/0.18 and 22/1.4) in which some process streams were
extremely toxic to Daphnia (24h EC S0's 0.12 - 26 7).
The toxicity the of whole mill effluent was at the same
level as that of U.S. textile mills on average {(Walsh
et al. 1980). All the other biologically purified waste
waters from different plants of chemical industry and
municipal waste waters were not acutely toxic to
Daphnia. A chemical precipitation with CaC0O= reduced

the toxicity of an effluent from chlori-alkali plant
with 99 percent (from 0.39 to S0 %Z).

One sample of the four landfill leachates investigated
proved to be moderately toxic (24h EC 50 46 ). In a
study by Nuorteva et al. (1983) the acute toxicity of
17 other Finnish landfills was studied with a
comparable Daphnia magna method and in 12 cases the
samples proved to be acutely toxic (2Z24h EC 50 ranged
11 - 100 %). All these results give evidence that the
Finnish landfill leachates are probably somewhat less
toxic than Canadian ones from which Cameron and Koch
(1980) have obtained results with rainbow trout.

The tests conducted on Daphnia magna indicated that the

propaosed Finnish standard (S5FS 1984) is a fairly rapid

and easy method for measuring the acute lethal toxicity

of waste water samples. Especially it is recommended as

a preliminary simple screening test method before any
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more complex sublethal biocassys are applied.

The toxicity emissions calculated show clearly that,
due to the great differences in the waste water flows
between plants the toxicity emission rates (TER) have
ecologically much greater importance than mere EC 50
values.

The differences between various pulp mills was marked
and when the productions were taken into account (TEF)
the distinction became even more striking. The process
technical reasons for the disparity concerned should be
carefully studied in the future.

Pulp and paper mills had clearly the biggest toxicity
emission rates of the samples investigated. Just one
other plant, producing viscose fibers, had a TER value
which was in the same aorder of magnitude as the median
values of waste waters released from different pulp
producing plants. The results obtained thus lend
support to the thought that the pulp and paper industry
is the most important polluter of the Finnish recipient
waters also as far as the discharge of acutely lethal
compounds is concerned.
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