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The water flea, Da~hn~a magna Straus (Cladocera, 
Crustacea) is the most commonly used zooplankton 
species in toxicological tests. The use of D~ mag~ 
began with the works of Einar Naumann who in 1933 and 
1934 published a series of 17 papers on the utilization 
of D. magD~ as test animal (ref. Anderson 1980). After 
that the Daphnia toxicity tests have been applied for a 
wide range of purposes including mostly acute lethality 
assays for pure materials and for complex industrial 
discharges. 

At p r e s e n t ,  the  use of  D~ magna e s p e c i a l l y  i n  the  
t o x i c o l o g y  has ach ieved a l e v e l  of  s t a n d a r d i z a t i o n  (DIN 
1982; ISO 1982; BS 1983; NF 1983) as an acu te  t e s t .  As 
the  data ob ta ined  o f t e n  suggest  t h a t  D~phnia spec ies  
are among the  most s e n s i t i v e  a q u a t i c  organisms t e s t e d  
(Buikema e t  a l .  1980), the  r e s u l t s  have been used to  
se t  water  q u a l i t y  c r i t e r i a  (EPA 1973). Recommendations 
have a l so  been g i ven  by e .g .  OECD (1981) concern ing  
l o n g - t e r m  (~_14 d) r e p r o d u c t i o n  b ioassays  conducted on 
Daphnia. Long-term c h r o n i c  t e s t s  w i t h  pure m a t e r i a l s  
have been used t o  e s t i m a t e  maximum a l l o w a b l e  t o x i c a n t  
c o n c e n t r a t i o n s ,  MATCs (Winner and F a r r e l  1976). 

In t h i s  paper the  proposed F i n n i s h  s tandard  (SFS 1984) 
f o r  both chemical  and waste water  t e s t i n g  i s  desc r ibed  
and r e s u l t s  ob ta ined  from d i f f e r e n t  i n d u s t r i a l  waste 
waters  by the  t e s t  method concerned are p resen ted .  

MATERIAL AND METHODS 

In the  proposed F i n n i s h  s tandard  (SFS 1984) i t  has not  
been decided to  s t a n d a r d i z e  the  method by which D~phnia 
�9 ~gD~ are bred.  In t h i s  exper iment  the  s tock  c u l t u r e  on 
water  f l e a s  was fed ad l i b i t u m  w i t h  mixed p o p u l a t i o n  of  
a lgae ,  dominated by u n i c e l l u l a r  Chlg~g~h~ta spec ies .  
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P r i o r  t o  t e s t ,  a d u l t  ~ E ~ D ~ ,  so r ted  by s i z e  are  
i s o l a t e d  i n  separa te  beakers and young water  f l e a s  l ess  
than 24 hours o l d  a re  used i n  the  t e s t s  the  f o l l o w i n g  
day. F i ve  i n d i v i d u a l s  a re  p laced i n  each t e s t  tube in  
a t  l e a s t  10 ml of  t e s t  s o l u t i o n .  Three r e p l i c a t e s  are  
used in  each c o n c e n t r a t i o n .  The stock s o l u t i o n s  are  
made accord ing  t o  the  recommendation of  ISO-standard 
(ISO 1982) but  the  f i n a l  s o l u t i o n  i s  d i l u t e d  t o  one 
f i f t h  w i th  d i s t i l l e d  or  d e i o n i z e d  wa te r ,  hav ing  a 
maximum c o n d u c t i v i t y  o f  1.0 mS/m. The d i l u t i o n  water  
thus prepared has a Ca:Mg r a t i o  4:1 and a hardness of 
50 mg CaCO= which i s  in  the  same o rde r  of magnitude as 
the  measured median i n  the  F i n n i s h  r e c i p i e n t  waters  
(Laaksonen 1970). The pH of  the  d i l u t i o n  water  and the  
samples i n v e s t i g a t e d  a l s o  i s  ad jus ted  t o  pH 7.0  • 0.1 
w i th  d i l u t e  NaOH or HC1. When necessary ,  the  d i l u t i o n  
water  i s  ae ra ted  u n t i l  t he  oxygen c o n c e n t r a t i o n  
ach ieves  the  a i r  s a t u r a t i o n  va lue .  Dur ing the  t e s t ,  the  
t e s t  vesse l s  are  kept  a t  20 • 2 c'C i n  t h e  same i l l u m i -  
n a t i o n  where the  b reed ing  was done (L:D 2 16 h: < 8 h) .  

For the  c a l c u l a t i o n  o f  24h EC 50 ( e f f e c t i v e  
c o n c e n t r a t i o n  50 %) the  number of  mob i l e  Daphnia i s  
counted i n  each c o n t a i n e r .  Those which a re  not  ab le  t o  
move i n  the  15 s f o l l o w i n g  a g e n t l e  a g i t a t i o n  o f  the  
t e s t  vessel  are  cons idered  t o  be i m m o b i l i z e d .  The 
e s t i m a t i o n  method of EC 50 has not  been s t a n d a r d i z e d .  
The method of L i t c h f i e l d  and Wilcoxon (1949),  p r o b i t  
ana lyses  (F inney 1971), ISO-standard method (ISO 1982) 
and the  power curve method (Nikunen 1983) a re  mentioned 
as p o s s i b l e  a l t e r n a t i v e s .  

As i n  the  o the r  s tandards ,  K~Cr~07 i s  mentioned as a 
p o s s i b l e  r e f e r e n c e  compound. The t o x i c i t y  of i t  i s  
b i g g e r  (24h EC 50 0.1 - 0 .2  mg/1) (SFS 1984) than w i t h  
the  ISO-standard method (24h EC 50 0 .9  - 2 .0  mg/ l )  (ISO 
1984) ma in l y  because of  the  lower  hardness of  the  
d i l u t i o n  water  used in  the  F i n n i s h  s tandard  p r o p o s a l .  

In t h i s  s tudy t he  number of  mob i l e  D~phnia was 
c a l c u l a t e d  t h r e e  t imes du r i ng  t he  24 hours" t e s t  
p e r i o d .  Based on those o b s e r v a t i o n s ,  the  median 
s u r v i v a l  t ime  (MST) i n  each c o n c e n t r a t i o n  was 
c a l c u l a t e d  by l i n e a r  r e g r e s s i o n .  The EC 50 va lues  were 
es t ima ted  from a t  l e a s t  f o u r  concen t ra t ion /MST p a i r s  
w i th  power curve y = ax b , where y = c o n c e n t r a t i o n  and x 

= MST. In t h i s  c a l c u l a t i o n  method no p r e l i m i n a r y  t e s t s  
are  u s u a l l y  needed, which i s  p a r t i c u l a r l y  advantageous 
i n  waste water  t e s t i n g  due t o  the  m i n i m i z a t i o n  o f  the  
s to rage  t ime  of  the  sample. 
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When necessary ,  the  waste wa le r  samples a re  f i l t e r e d  
(e.g.  Whatman GF/C) in  o rde r  t o  avo id  the  i n f l u e n c e  of  
suspended s o l i d s  on the  swimming movements of water  
f l e a s  which might have some impact on t he  r e s u l t s  
ob ta i ned .  

The t o x i c i t y  emiss ion r a t e  (TER) and t o x i c i t y  emiss ion 
f a c t o r  (TEF)  were c a l c u l a t e d  as f o l l o w s  (Wong et  a l .  
1978): 

TER = 
100 

EC 50 (%) 
x Q (1000 m~/d) 

TEF = 
100 Q 

x - - -  (m~/d) 
EC 50 (%) P 

where Q = e f f l u e n t  volume per u n i t  of  t ime and P = the 
co r respond ing  p r o d u c t i o n  per u n i t  of  t ime.  

The waste water  samples taken f o r  the  exper iments  were 
ma in l y  chosen by the l o c a l  water  a u t h o r i t i e s .  The 
m a j o r i t y  of  t e s t e d  e f f l u e n t s  were taken from the pulp 
and paper i n d u s t r y  which i s  the  most i m p o r t a n t  p o l l u t e r  
of  the  F i n n i s h  waters .  The o the r  waste waters  chosen 
f o r  the exper iments  came p r i m a r i l y  from v a r i o u s  p l a n t s  
of  chemical i n d u s t r y .  A l l  t he  i n v e s t i g a t e d  samples were 
s to red  f r ozen  (-20 ~ t i l l  the  b e g i n n i n g  of the 
b ioassays.  

RESULTS AND DISCUSSION 

The acute t o x i c i t y  (24h EC 50 ) and the  t o x i c i t y  
emiss ion va lues  (TER and TEF) o f  d i f f e r e n t  pulp and 
paper process streams are expressed in  Table 1. When no 
acute l e t h a l  t o x i c i t y  was de tec ted  (EC 50 > 100 %) the 
t o x i c i t y  emiss ions are  expressed as zero even though 
the n o n - d e t e c t a b i l i t y  of  t o x i c i t y  can a l s o  be due to  
the h igh d i l u t i o n  caused by l a r g e  waste water  volume. 

The debarking waste waters gave the highest acute 
t o x i c i t y  f o r  Da~hnia. The i r  24h EC 50 a f t e r  f i l t r a t i o n  
were 0.63 and 3 .4  pe rcen t .  In a d d i t i o n ,  i t  has e a r l i e r  
been noted t h a t  the  t o x i c i t y  of  debark ing  e f f l u e n t s  i s  
many t imes h i g h e r  f o r  ra inbow t r o u t  (Salmo g@irdner i  
R ichardson) (N ikunen 1983) and t h a t  they  can be 
r e s p o n s i b l e  f o r  the  major p a r t  o f  t he  t o x i c i t y  emiss ion 
of  the  whole m i l l  (Holmbom and Leh t i nen  1980; Nikunen 
1983). In t h i s  s tudy the  t o x i c i t y  emiss ions were not  
e s p e c i a l l y  l a r g e  due t o  the  smal l  waste water  volumes. 
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The b l e a c h i n g  e f f l u e n t  samples from two r e l a t i v e l y  o l d  
whole b l e a c h i n g  p l a n t s  were a l s o  q u i t e  t o x i c  (7 .8  and 
18 %). The d i f f e r e n c e  between the  t o x i c i t y  emiss ions  of  
t he  two b l e a c h i n g  p l a n t s  were s t r i k i n g  and a p p a r e n t l y  
m a i n l y  due t o  t he  process t e c h n i c a l  d i f f e r e n c e s .  The 
g r e a t e r  emiss ion  va l ues  were o b t a i n e d  from a 
c o n v e n t i o n a l  whole b l e a c h i n g  p l a n t  and the  s m a l l e r  ones 
were o b t a i n e d  from a one-s tage  h y p o c h l o r i t e  b l e a c h i n g .  
In the  case of b l e a c h i n g  e f f l u e n t s  i t  must be borne i n  
mind t h a t  t h e i r  e c o l o g i c a l  impacts  are  m a i n l y  caused by 
the  s u b l e t h a l  e f f e c t s  of  b i o a c c u m u l a t i v e  c h l o r i n a t e d  
compounds which cannot  be es t ima ted  by b ioassays  
measuring acute  l e t h a l  t o x i c i t y .  

Table 1. Acute t o x i c i t i e s  and t o x i c i t y  emiss ions  of  
n e u t r a l i z e d  pu lp  and paper waste wa te rs .  

Waste water~n~ 24h EC 50 (%) TER (lO00m3/d) TEF(m:~/t) 

x (Range) x (Range) x (Range) 

Log basin~=~ 

Debarking,2~ 

Evapora t i on ,1~  

B l e a c h i n g ~  

S u l p h i t e ,  t o t a l ~ ,  

K r a f t ,  t o t a l ,  o ld~7,  23(8 .7 ->100)  570(0-2100) 

K r a f t ,  t o t a l ,  new~e, 74(17->100) 150(0-790) 

B u i l d i n g  board~1~ 49 1.4 

F l u i t i n g  board,  24 43 
semi -chemica l  p u l p c l ,  

63 (51-74) - 

2 . 2 ( 0 . 6 3 - 3 . 4 )  150(103-206) - 

94 6 .4  24 

13(7 .8 -18)  190(11-360) 980(61-1900) 

35(25-45)  160(110-210) 905(880-930) 

740(0-2000) 

92 (0-220) 

8 .0  

81 

The k r a f t  pu lp  m i l l s  were r o u g h l y  d i v i d e d  i n t o  two 
groups acco rd ing  t o  the  age of t he  m i l l .  I f  the  main 
p a r t  of  t he  f a c t o r y  was b u i l t  or  modernized d u r i n g  the  
l a s t  20 years  i t  was c l a s s i f i e d  i n  t he  group of new 
m i l l s .  The r e s u l t s  o b t a i n e d  gave some suppo r t  t o  t h e  
idea t h a t  t he  t o x i c  emiss ions  of  modern m i l l s  are i n  
genera l  s m a l l e r  than  the  co r respond ing  v a l u e s  of  o l d e r  
m i l l s .  However, t he  d i f f e r e n c e s  between v a r i o u s  k r a f t  
m i l l s  was marked. In  t h r e e  cases s t u d i e d  the  acu te  
t o x i c i t y  o f  e f f l u e n t s  t r e a t e d  i n  aera ted  lagoons was 
observed t o  be n o n - d e t e c t a b l e  which i n d i c a t e s  t h a t  a 
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cons ide rab le  r e d u c t i o n  i n  the  q u a n t i t i e s  of t o x i c  
substances may occur i n  the b i o l o g i c a l  p u r i f i c a t i o n .  
Also a mechanical p u r i f i c a t i o n  of one k r a f t  pulp m i l l  
e f f l u e n t  s tud ied  led to  a t o x i c i t y  r educ t i on  of 94 
percent .  

The EC 50 va lue and t o x i c i t y  emissions of  whole m i l l ,  
debarking and b leach ing  were a l l  i n  the same order of 
magnitude as repor ted i n  an e a r l i e r  comparable s tudy 
(Nikunen 1983). The r educ t i on  of acute l e t h a l  t o x i c i t y  
of waste waters to  a non -de tec tab le  l e v e l  i n  an aerated 
lagoon has a lso  been noted e a r l i e r  w i t h  water f l e a s  
(Nikunen 1983). However, the d e t o x i c a t i o n  percents were 
in  t h i s  s tudy b igger  than those revealed by bioassays 
conducted on rainbow t r o u t  (Salmo ga i rdne r i ) (Wa lden  and 
Howard 1974; Holmbom and Leht inen 1980; M i e t t i n e n  et  
a l .  1982). 

In the o ther  30 i n d u s t r i a l  waste water samples tes ted  
the l a r g e s t  acute t o x i c i t y  was detected in  e f f l u e n t s  
discharged from p l a n t s  produc ing c h l o r i n e  (24h EC 50/ 
TER: 0 . 3 9 / 1 1 . 5 ) ,  g lue ( 4 . 7 / 0 . 0 7 ) ,  v iscose f i b e r s  
(0 .17 /12 ,000) ,  s t a i n l e s s  s t ee l  products  ( 2 4 / 2 . 6 ) ,  d a i r y  
products  (20/47) and p e s t i c i d e s  and spec ia l  chemicals 
(26 /0 .98) .  

Tox i c ,  b i o l o g i c a l l y  p u r i f i e d  waste water was a lso  
re leased from wool s t a i n i n g  p l a n t  (24h EC 50/TER: 
46/0.18 and 22/1.4)  i n  which some process streams were 
ex t remely  t o x i c  to  Daphnia (24h EC 50"s 0.12 - 26 %). 
The t o x i c i t y  the of whole m i l l  e f f l u e n t  was at  the same 
l e v e l  as t h a t  of U.S. t e x t i l e  m i l l s  on average (Walsh 
et a l .  1980). A l l  the o ther  b i o l o g i c a l l y  p u r i f i e d  waste 
waters from d i f f e r e n t  p l a n t s  of chemical i n d u s t r y  and 
munic ipa l  waste waters were not a c u t e l y  t o x i c  to  
Daphnia. A chemical p r e c i p i t a t i o n  w i t h  CaC03 reduced 
the t o x i c i t y  of an e f f l u e n t  from c h l o r i - a l k a l i  p l a n t  
w i t h  99 percent  (from 0.39 to  50 %). 

One sample of the f ou r  l a n d f i l l  leachates i n v e s t i g a t e d  
proved to  be moderately t o x i c  (24h EC 50 46 %). In a 
s tudy by Nuorteva et  a l .  (1983) the acute t o x i c i t y  of 
17 o ther  F i n n i s h  l a n d f i l l s  was s tud ied  w i th  a 
comparable Daphnia magna method and i n  12 cases the 
samples proved to  be a c u t e l y  t o x i c  (24h EC 50 ranged 
11 - 100 %). A l l  these r e s u l t s  g i ve  evidence t h a t  the 
F i n n i s h  l a n d f i l l  leachates  are probably  somewhat less  
t o x i c  than Canadian ones from which Cameron and Koch 
(1980) have obta ined r e s u l t s  w i t h  rainbow t r o u t .  

The t e s t s  conducted on Daphnia maqna i n d i c a t e d  t h a t  the 
proposed F i n n i s h  standard (SFS 1984) i s  a f a i r l y  r ap id  
and easy method f o r  measuring the acute l e t h a l  t o x i c i t y  
of waste water samples. E s p e c i a l l y  i t  i s  recommended as 
a p r e l i m i n a r y  s imple screening t e s t  method before any 
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more complex sub le tha l  bioassys are app l ied .  

The t o x i c i t y  emissions ca l cu la ted  show c l e a r l y  t h a t ,  
due to  the great  d i f f e r e n c e s  in the waste water f lows 
between p lan ts  the t o x i c i t y  emission ra tes  (TER) have 
e c o l o g i c a l l y  much grea te r  importance than mere EC 50 
values.  

The d i f f e r e n c e s  between var ious  pulp m i l l s  was marked 
and when the product ions were taken i n t o  account (TEF) 
the d i s t i n c t i o n  became even more s t r i k i n g .  The process 
techn ica l  reasons f o r  the d i s p a r i t y  concerned should be 
c a r e f u l l y  s tudied in  the f u t u r e .  

Pulp and paper m i l l s  had c l e a r l y  the b iggest  t o x i c i t y  
emission ra tes  of the samples i n v e s t i g a t e d .  Just one 
other p l a n t ,  producing v iscose f i b e r s ,  had a TER value 
which was in  the same order of magnitude as the median 
values of waste waters re leased from d i f f e r e n t  pulp 
producing p lan ts .  The r e s u l t s  obtained thus lend 
support to  the thought t h a t  the pulp and paper i n d u s t r y  
i s  the most important  p o l l u t e r  of the F inn ish r e c i p i e n t  
waters a lso as f a r  as the discharge of acu te l y  l e t h a l  
compounds i s  concerned. 
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