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In the toxicant bioassays, invertebrates  with special reference to 
aquatic arthropod species have been of recent  interest  as test  models 
due to the need for developing nonmammalian test  system (Turner 
et  al 1983a, 1983b; Richie et  al 1984). The cladoceran Daphnia magna 
bioassays have several practical  advantages.  For example, they are 
easy to culture in laboratory conditions and inexpensive, short life 
cycle,  discrete growth, aging period and size which allows large number 
of test  species can be used for s tat is t ical  design and analysis. The 
additional advantages of small volumes, ease in handling, high fecun- 
dity minimized test  apparatus make this invertebrate  an extremely 
desirable test  species Ior aquatic toxicologists (Maciorowski and Clarke 
1980). D___. magna has been used as a useful test  species (Anderson 
1944; Biesinger and Christensen 1972; Adema 1978) and its sensitivity 
to environmental  pollutants have been recognized as a general represen- 
ta t ive of other i reshwater  zooplankton species(13uikema et al 1980). 
The objectives oi this study were to determine the acute toxicity of 
various heavy metals to Daphnia magna for 48 h oi exposure and to 
compare these values with the existing LCS0 values for rainbow trout 
(Sah-no gairdneri); which is commonly used as a test animal in aquatic 
bioassay studies. 

MATERIALS A N D  METHODS 

Daphnia magna were collected from natural pond situated at Gheru 
Campus of Industrial Toxicology Research Centre,  Lucknow and stock 
culture were made in tubewell water .  Bioassays were conducted bet-  
ween December 1984 and 3anuary 1985 i.e. during winter months. 
Acute bioassay procedure was followed during this study (APHA 1976). 
Animals were fed during the accl imat izat ion and culture period but 
were starved during exposure time. At the begining of test  10 daphnids 
were placed randomly in 200 mL beakers containing 100 mL of test  
water .  A series of test  concentrat ions (7-10) of toxicant  and control 
in tubewell water  were used in this study. All tests were performed 
in two replicate set s. 
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722 



Stock solutions of metall ic salts were made in disti l led water.  
Various metal l ic salts included in the study were 3CdSO..8H^O; 
(CH~COO)gPb; CuSOh,SH20; AgNO~; NiClo.6HoO; SnClo~ K ~ r ~ O ~ ;  
ZnSO, .7H~'O, The co~ncentrations a~re giver  as~ppm oI ~etaZ-l. fi'h~ 
�9 ~ . .  / �9 , 
tmmobthzed daphmds were removed and counted,  The cri terion for 
determining the immobilization was no response to gentle prodding 
with a blunt glass rod, Young daphnids produced at 12 h and 24 h 
were removed, The EC50 values and 95% confidence limits (C,L,) 
and significance difference between EC50 values were calculated 
according to Harris (1959), The regression equations were obtained 
between the 48 h ECS0 for D__. magna and 96 h LCS0 for S_. gairdneri 
(Snedcore and Cochran 1967). The physico-chemical properties of 
test water were determined by Standard Methods (APHA 1976). 

R E S U L T S  A N D  D I S C U S S I O N  

The physico-chemical  character is t ics  of tubewell water  are given in 
Table 1. Decreased pH values were observed at some of the higher 
test  concentrat ions of Zn, Ni and Cr, but these values were never 
greater  than 0.5 pH unit. 

Table 1. Physico-chemical properties of test water 
Parameters Unit  Mean Range 
Air temperature ~ 15 14-17 
Water temperature  ~ 13 11,5-14.5 
pH 7,6 7 ,/4-7.8 
Dissolved oxygen ppm 5,6 5.2-6.5 
Total hardness ppm as CaCO~ 240 235-260 
Total alkalinity ppm as CaCO 3 4O0 390-415 
Calcium ppm 152 145-165 
Magnesium ppm 92 85-96 
Chloride ppm 7 5-10 

A comparison of acute toxic i ty  values for 24 h and 48 h demonstrated 
that there is an increase in tox ic i ty  fol lowing longer exposure of 
period (Table 2). However, the magnitude of this di f ference is not 
grate for chromium since there was no significance dif ference between 
24 h and 48 h ECS0 values, thus suggesting that  cu mulative tox ic i ty  is 

Tab le  2. ECS0 values (ppm of metal) and their 95% conlidence l imits 
for various metals tested against Daphnia magna 

Metal ECS0's and 95% conlidence l imits Significance 
24 h 48 h difference 

Ag 0,023 (0,017-0.034) 0.01 (0.00w 0.3229* 
Hg 0,0081 (0,0067-0,0099)0,0052 (00,00142-0,0072) 0,0982 
Cu 0,536 (0.466-0.643) 0,093 (0,081-0,112) 0,6521 
Zn 1,0"* 0,56** 0.2516 
Cr 2.2 (1,82-3,26) 1,79 (1,24-2,49) - 0,1270 
Cd 4.66 (3,93-5.72) 1.88 ( 1,09-3,29) 0,3430 
Pb /4.89 (4.19-5.89) 3.61 (2.83-4.4) 0.0451 
Ni 10.9 (8.2-13.2) 7,59 (6.05-9.26) 0.2172 
*The two ECS0 values will be judged significantly di f lerent  if number 
is 0 

**95% conlidence l imits cannot be calculated 
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apparen t ly  not  s igni f icant  for  this heavy  meta l  (Table 2.). 

The tox i c i t y  data observed for D___. magna and published data of 
rainbow t rout  are compared to each other (Table 3). The decreasing 

Table 3. Comparison of acute tox i c i t y  values for D__. magna and 
rainbow t rout  (S. gairdneri)  for eiRht heavy metals 

Test  DaPhnia  Rank order  Rainbow t rou t  
me ta l  48-h EC50 96-h LC50 

(in ppm) (in ppm) 
Hg 0.0052 1 0.033 ~ 1 
Ag 0.01 2 0.029 a 2 
Cu 0.093 3 0.25~ a 3 
Zn 0.56 /4 0.55 h 14. 
Cr t .79 5 1 t .~- 7 
Cd 1.88 5 2.5 ~ 5 
Pb 3.61 5 8.0 a 6 
Ni 7.59 8 35.5 a 8 
a-  F rom Hale (1977) 
b-  F rom Bills et  al (1977) 
c -  F rom Ball (1967) 

Rank order  

order  of tox ic i ty  of t e s t ed  heavy  meta l  ions in Daphnia  and rainbow 
t rou t  (S. gairdneri)  are  as follows: 

Daphnia magna 
Hg Ag Cu Zn Cr= Cd=Pb Ni 
Salmo gairdneri  
Ag=Hg Cu Zn Cd Pb Cr Ni 

In case  of D___. magna  no s ign i f icance  d i f f e r ence  was observed  be tween  
the 48 h ECS0 values of Cr,  Cd and Pb, t he re fo re ,  same  rank order  
was given for  these  meta l s .  There  are  some d i f f e r ences  be tween  the 
two animals  in re la t ive  or-let of  t o , c i t y  for  me ta l  ions. In bo th  

�9 + / 4 -  Z :+  , Z +  
organisms Ag , Fig , Cu ana Zn are most tox ic  and Ni z+ is amon8 
the least tox ic .  The posit ion of chromium, however, is not iceably 

~t is next to Zn whereas chrommm ts below d i f f e r en t ;  in Daphnia  ' ' z+ . 
to lead in rainbow t rou t .  A tox ic i ty  ranking is approx ima te ,  because  
so many physical ,  chemica l s  and biological  f a c t o r s  may inf luences  a 
po l lu t an t ' s  tox ic i ty  (Eisler and Fiennekey 1977). A s t rong co r r e l a t i on  
be tween  Daphnia  and ranibow t rou t  acu te  tox ic i ty  values is ob ta ined  
for  e ight  heavy  meta l l i c  ior~s. A regress ion  analysis  suggests  a good 
co r re l a t ion  exists  (Fig 1); r = 0.814 for  s t r a igh t  line equa t ion .  
Using the regress ion equa t ion  it is theor i t i ca l ly  possible to c a l c u l a t e  
acu t e  tox ic i ty  values for  rainbow t rou t .  A s t a t i s t i ca l  compar i son  of 
the  re la t ive  orders  of  tox ic i ty  for  Daphnia  and rainbow t rou t  LCS0 
values for various heavy  me ta l  ions were  pe r fo rmed  by eva lua t ing  the 
Spearman  rank co r r e l a t i on  c oe f f i c i e n t ,  r �9 This compar i son  gave  value 
of r =0.929 for  . s . EC 50 values of Daphma  and rainbow t rou t .  This 
c l e S l y  indica te  t ha t  the acu te  tox ic  responses  of  Daphnia  is s t rongly  
co r r e l a t ed  to the LCS0 os fish. Therefore~ the  sc reening  of me ta l  
compounds  and un tes ted  compounds  might  well be done using D___. m a g n a .  
Since it is well known tha t  me ta l  tox ic i ty  is changed  by hardness  of  
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Fig. 1 Correlation between acute toxicity values of 
Dophnio magna and rainbow trout for vorious 
heavy metals. 

water,  being most tox ic in soft  water ,  i t  is reasonable that  good 
comparison between rainbow t rout  and Daphnia acute tox i c i t y  data 
for  these metals would agree more pos i t ive ly  i f  water  of comparable 
hardness had been used for both studies; 

We believe that  the correlat ion between Daphnia and fish toxicity 
values will be useful for generating toxicity in the absence of other 
data  and it also serves to demonst ra te  that aquatic safety  data  would 
be developed for the protect ion of aquatic organisms. However, it is 
now very important  to examine the significant of this correlat ion with 
several organic and inorganic compounds, pesticides, detergents  and 
industrial effluents potentially reaching to aquatic ecosystem.  
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