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T o x i c i t y  i s  a b i o l o g i c a l  r e s p o n s e  w h i c h ,  when q u a n t i f i e d  in t e r m s  
of  c o n c e n t r a t i o n  of  t h e  t o x i c a n t ,  can c o n s t i t u t e  t h e  b a s i s  fo r  a 
b i o a s s a y  p r o c e d u r e .  B i o a s s a y  ( t o x i c i t y )  t e s t s  a r e  d e f i n e d  as  
e s t i m a t i o n  of  t h e  amount of  b i o l o g i c a l l y  a c t i v e  s u b s t a n c e s  b y  t h e  
l e v e l  of  t h e i r  e f f e c t  on t e s t  o r g a n i s m s  (Chapman and Long 1983) .  
B r y a n  (1976) i s  o f  t h e  v i ew  t h a t  f a c t o r s  l i k e  form of  t h e  m e t a l ,  
e n v i r o n m e n t a l  c h a r a c t e r i s t i c s ,  p h y s i o l o g i c a l  s t a t u s  of  t h e  a n i m a l ,  
a c c l i m a t i o n  and a c c l i m a t i z a t i o n  to t h e  m e t a l ,  e t c . ,  can c o n s i d e r a b l y  
i n f l u e n c e  t h e  t o x i c i t y  of  a me ta l  to m a r i n e  a n i m a l .  A l though  t h e r e  
i s  a g rowing  b o d y  of  i n f o r m a t i o n  on t h e  t o x i c i t y  of  i n d i v i d u a l  
h e a v y  m e t a l s  to e c o n o m i c a l l y  i m p o r t a n t  s p e c i e s  of b i v a l v e s ,  
(Po r tmann  1970; Sco t t  and Major  1972; A h s a n u l l a h  1976; E i s l e r  
1977) l i t e r a t u r e  on t h e  l e t h a l  t o x i c i t y  of  meta l  m i x t u r e s  to 
b i v a l v e s  u n d e r  c o n t r o l l e d  c o n d i t i o n s  i s  r a t h e r  l i m i t e d .  Mohan e t  
a l .  (1986) i n v e s t i g a t i n g  in to  t h e  c o m b i n e d  t o x i c i t y  of  m e r c u r y  and 
cadmium to Pe rna  v i r i d i s ,  o b s e r v e d  t h a t  m e r c u r y  and cadmium in 
m i x t u r e  i n t e r a c t e d  more than  a d d i t i v e l y  in p r o d u c i n g  m o r t a l i t y  in 
96 h r .  Mac Innes  and C a l a b r e s e  (1977) found out  t h a t  i n t e r a c t i o n  
of m e t a l s  c o u l d  be  t e m p e r a t u r e  d e p e n d e n t .  When Pe rna  i n d i c a  was 
e x p o s e d  to a c o m b i n a t i o n  of  Cu and Ag, t h e  t o x i c i t y  of  t h e s e  
m e t a l s  i n c r e a s e d  ( P r a b h u d e v a  and Menon 1988) .  The  c o n c e n t r a t i o n  
of  m e t a l s  in  t h e  m i x t u r e  can a l s o  i n f l u e n c e  me ta l  i n t e r a c t i o n  
( P r a b h u d e v a  and Menon 1990) .  In t h e  p r e s e n t  i n v e s t i g a t i o n  t h e  
t o x i c  e f f e c t s  of  c o m b i n a t i o n s  of  c o p p e r  - m e r c u r y  and c o p p e r  - 
cadmium a t  l e t h a l  l e v e l s  to two m a r i n e  b i v a l v e  s p e c i e s ,  Pe rna  
i n d i c a  and Donax i n c a r n a t u s ,  h a v e  been  d e l i n e a t e d .  

MATERIALS AND METHODS 

Pe rna  i n d i c a  and Donax i n c a r n a t u s  ( s i z e  r a n g e  : 2 0 -  25 ram) were  
c o l l e c t e d  f rom t h e  r o c k y  b e a c h e s  of  S a k t h i k u l a n g a r a  and s a n d y  
b e a c h e s  of  A m b a l a p u z h a ,  r e s p e c t i v e l y ,  and  t r a n s p o r t e d  to t h e  
l a b o r a t o r y  in  l a r g e  p o l y t h e n e  t u b s  in  s e a w a t e r  c o l l e c t e d  from t h e  
s a m p l i n g  s i t e .  The  a n i m a l s  we re  l a b o r a t o r y  c o n d i t i o n e d  in a e r a t e d  
s e a w a t e r  ( S a l i n i t y  : c_.aa 3 2 ~ )  at  30+-1~ fo r  36 h r p r i o r  to e x p e r i m e n t a t i o n .  

Send r e p r i n t  r e q u e s t s  to (N .R .  Menon) a t  t h e  a b o v e  a d d r e s s .  
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The animals  were  not fed dur ing  t he  e x p e r i m e n t s .  The s e a w a t e r  
employed  for  the  e x p e r i m e n t a l  p u r p o s e  was co l l ec t ed  from the  
Arabian  Sea of f  Cochin,  t r a n s p o r t e d  to t h e  l a b o r a t o r y ,  a l lowed to 
s e t t l e  for  2 h r ,  f i l t e r e d  using a b i o f i l t e r  and well  a e r a t e d  be fo re  use 
(Sa l in i ty  : ca 324o, pH : 8 . 2 - 8 . 4 ) .  

Stock so lu t ions  of  the  t o x i c a n t s  were  p r e p a r e d  in doub le  g l a s s  
d i s t i l l e d  wate r  (CuSO..5H20 for  Cu; HgC12 for  Hg and CdC1 .H O 
for  Cd being the  source  of  meta ls )  and a~Ided to the  t e s t  m~di2m 
to get the  d e s i r e d  concen t r a t ion .  

Le tha l  t o x i c i t y  t e s t s  were conduc ted  o v e r  96 h r .  I n a b i l i t y  to 
c lose  the  v a l v e s  upon mechanica l  s t imu lus  and v a l v e  gaping beyond  
5 mm, were the  c r i t e r i a  used to i n d i c a t e  d e a t h .  Dead i n d i v i d u a l s  
were re~noved from the  e x p e r i m e n t a l  media  at  12 h r  i n t e r v a l s .  
The e x p e r i m e n t a l  v e s s e l s  were  f i b r e  g l a s s  t r oughs  of  5 L c a p a c i t y  
containing 4 L f i l t e r e d  s e a w a t e r .  Ten an imals  were exposed  to 
each concen t r a t i on  along with con t ro l  in d u p l i c a t e .  Cumula t ive  
m o r t a l i t y  were taken  at 12 h r  i n t e r v a l s .  Twenty f ive  (5 x 5) 
combina t ions  were  t e s t ed  to comple t e  one set  of  e x p e r i m e n t s  on 
combined t o x i c i t y  of two me ta l s .  The concen t r a t i ons  of  the  
t o x i c a n t s  used in combinat ion  s t u d i e s  were  d e r i v e d  from the  
r e s p e c t i v e  i n d i v i d u a l  96 h r  LC~n v a l u e s  d e l i n e a t e d  b e f o r e  h a n d .  
The 96 h r  LC5D va lues  and ~l~eir 954 conf idence  l imi t s  were  
ca l cu l a t ed  using P r o b i t  a n a l y s i s  (F inney  1971) .  The t o x i c i t y  unit  
method as sugges ted  by  Marking and Dawson (1975) was employed  
for  the  d e t e r m i n a t i o n  of a d d i t i v e  i n d e x .  

RESULTS AND DISCUSSION 

Perna ind ica  and Donax inca rna tus  were  s u b j e c t e d  to c o m p r e h e n s i v e  
t e s t s  to d e l i n e a t e  l e t ha l  e f f ec t s  of  h e a v y  me ta l s .  The r e s u l t s  a r e  
g iven  in Tab le  l a  to 4b.  The t o x i c i t y  of  c o p p e r  to Perna  ind ica  
d id  not v a r y  a p p r e c i a b l y  when the  an imals  were  e x p o s e d  to a 
cons tant  concen t r a t i on  of  m e r c u r y  along wi th  v a r y i n g  c o p p e r  
concen t r a t i ons  (Tab le  l a ) .  The a d d i t i v e  index  was s imp le  
a d d i t i v e .  In the  r e c i p r o c a l  e x p e r i m e n t  ( c o p p e r  constant  and 
m e r c u r y  v a r y i n g ) ,  i t  was o b s e r v e d  t h a t  s ign i f i can t  m o r t a l i t y  
o c c u r r e d  on ly  in the  h i g h e s t  c o n c e n t r a t i o n  (Tab l e  l b ) .  

Comparab le  r e s u l t s  of  m o r t a l i t y  of  Perna  ind ica  were  o b t a i n e d  
when t h e y  were  exposed  to c o p p e r  ( cons tan t )  and cadmium 
( v a r y i n g )  (Tab le  2a ) .  S ign i f ican t  m o r t a l i t y  was found to o c c u r  
on ly  in h i g h e r  concen t r a t i ons .  Howeve r ,  cadmium was found to 
become more t ox i c  in the  p r e s e n c e  of  c o p p e r  even though the  
conf idence  l im i t s  r e c o r d e d  showed h i g h  f l e x i b i l i t y .  The a d d i t i v e  
index  was s imp le  a d d i t i v e .  In the  r e c i p r o c a l  combina t ion  
(Tab le  2 b ) ,  i t  was found tha t  the  combina t ion  was more t ox i c  wi th  
a r e l a t i v e l y  h i g h  c o p p e r  concen t r a t ion  and low cadmium.  Thus ,  
wi th  300 p p b  of  cadmium, the  96 h LC.^  o c c u r r e d  in a medium 
which  conta ined  24.7 ppb  of  c o p p e r ,  ~ i l e  with 1100 ppb  of  
cadmium, a c o p p e r  concen t ra t ion  of  18.3  ppb  p r o d u c e d  504 
m o r t a l i t y  of  the  t e s t  popu la t ion ;  t he  a d d i t i v e  index  showing a 
g r a d a t i o n  from s imple  a d d i t i v i t y  to l e s s  than  a d d i t i v i t y .  
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Table  l a .  Perna  i n d i c a .  96 h r  LC5n ( p p b ) ,  when e x p o s e d  to 
cons tant  concen t r a t i on  of  m e r c u r y  sa l t  ~ i t h  v a r y i n g  c o n c e n t r a t i o n s  
of  c o p p e r  s a l t ,  along with the  r e s p e c t i v e  954 conf idence  l im i t s  and 
a d d i t i v e  i n d i c e s .  

Mercury  Copper  954 Conf idence  A d d i t i v e  
( p p b )  96 h r  LC50(ppb ) l imi t s  Index  

30 20.3 10.1  - 40 .6  -0 .32  (SA) 

25 ND ND 

20 23.2 17.7  - 30 .4  -0 .32  (SA) 

15 20.2 10.2 - 40 .0  - 0 . 1 2  (SA) 

10 20.2 18 .0  - 22.9 - 0 . 0 6  (5A) 

SA : S imple  a d d i t i v e  

ND : Not de t e rmined  

Table  l b .  Perna  i n d i c a .  96 h r  LC~n ( p p b ) ,  when e x p o s e d  to 
constant  concen t r a t i on  of  c o p p e r  s a l t  wfl~h v a r y i n g  c o n c e n t r a t i o n s  of  
me r cu r y  s a l t ,  along wi th  the  r e s p e c t i v e  954 conf idence  l i m i t s  and 
a d d i t i v e  i n d i c e s .  

Coppe r  Mercury  95% Conf idence  A d d i t i v e  
( p p b )  96 h r  LC50(ppb ) l i m i t s  Index  

20 11.4  

15 * 

i0  * 

5 * 

1 * 

10.7  - 12.1 -0 .06  (SA) 

SA : S imple  a d d i t i v e  

* : No m o r t a l i t y  
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T a b l e  2a.  Pe rna  i n d i c a .  96 h r  LCr  ( p p b ) ,  when e x p o s e d  to 
cons t an t  c o n c e n t r a t i o n  of  c o p p e r  s a l t  w~Ut~ v a r y i n g  c o n c e n t r a t i o n s  of  
cadmium s a l t ,  a long wi th  t h e  r e s p e c t i v e  95% c o n f i d e n c e  l i m i t s  and 
a d d i t i v e  i n d i c e s .  

C o p p e r  Cadmium 95% C o n f i d e n c e  A d d i t i v e  
( p p b )  96 h r  L C 5 0 ( p p b )  l i m i t s  Index  

20 767.2 

15 1677.7  

10 * 

5 * 

1 * 

460.2 - 1279.1 

704.2 - 3996.7 

- 0 . 1 9  (SA) 

- 0 . 2 8  (SA) 

SA : S i m p l e  a d d i t i v e  

* : No m o r t a l i t y  

T a b l e  2b .  Pe rna  i n d i c a .  96 h r  LC5n  { p p b ) ,  when e x p o s e d  to 
cons t an t  c o n c e n t r a t i o n  of cadmium s a l t  ~vith v a r y i n  8 c o n c e n t r a t i o n s  
of c o p p e r  s a l t ,  a long wi th  t h e  r e s p e c t i v e  95% c o n f i d e n c e  l i m i t s  and 
a d d i t i v e  i n d i c e s .  

Cadmium C o p p e r  95% C o n f i d e n c e  A d d i t i v e  
( p p b )  96 h r  L C 5 0 ( p p b )  l i m i t s  I n d e x  

1100 18 .3  17 .0  - 19 .7  - 0 . 2 2  (LA) 

900 19 .9  18 .5  - 21 .5  - 0 . 2 3  (LA) 

700 21.3 17 .2  - 26.3  - 0 . 2 2  (SA) 

500 21.6 20.6 - 22.6 -0.17 (SA) 

300 24.7 23.3 - 26.2 -0.24 (SA) 

SA : S i m p l e  a d d i t i v e  

LA : Less  than  a d d i t i v e  

188 



Donax i n c a r n a t u s  was e x p o s e d  to a combina t ion  of  c o p p e r  and 
m e r c u r y ,  t he  f o r m e r  mainta ined at  a cons tan t  concen t r a t i on  and the  
l a t t e r  v a r y i n g .  With i n c r e a s i n  8 c o p p e r  c o n c e n t r a t i o n ,  the  t o x i c  
ef fec t  of  m e r c u r y  was found to d e c r e a s e  (Tab l e  3a ) .  The t o x i c i t y  
of  m e r c u r y  was r e d u c e d  when a p p l i e d  in combina t ion  with c o p p e r .  
F u r t h e r ,  t he  t o x i c i t y  of  c o p p e r  was c o n s i d e r a b l y  r educed  in the  
p r e s e n c e  of  low l e v e l s  of m e r c u r y  (Tab l e  3 b ) .  S i m i l a r l y ,  c o p p e r  
became l e s s  t o x i c  in the  p r e s e n c e  o f  low l e v e l s  of  cadmium.  
However ,  t h e r e  was o s c i l l a t i o n  of  a d d i t i v i t y  from s imp le  to l e s s  
than a d d i t i v e  ( T a b l e s  4a and b ) .  

P r o b a b l y  the  most exc i t ing  and p o t e n t i a l l y  usefu l  deve lopmen t  in 
po l lu t ion  b i o l o g y  ha s  been the  method of  p r e d i c t i n g  t o x i c i t y  of  
mix tu res  of  t o x i c a n t s  (Sprague 1970) .  The me thodo logy  d e v e l o p e d  
h e l p s  to measure  the  s imul taneous  e f f e c t s  of  more than one metal  
tha t  could  be  e x p r e s s e d  n u m e r i c a l l y .  The m a j o r i t y  of t e c h n i q u e s  
for  e v a l u a t i n g  the  t o x i c i t y  of  m i x t u r e s  of c h e m i c a l s  fol low 
ma themat i ca l  models  fo r  jo in t  t o x i c i t y  t h a t  y i e l d s  t h e i r  ha rmonic  
mean of  the LC_0 ' s  of  the  components  (F inney  1971) .  The s imp le  
a d d i t i v e  r e a c t i o ~  when Perna i nd i ca  was e x p o s e d  to combina t ions  
of  c o p p e r ,  m e r c u r y  and cadmium i n d i c a t e s  t h a t  t he  c o m p a r a t i v e l y  
low c o n c e n t r a t i o n s  of  the  meta ls  e m p l o y e d  r e a c t  t o g e t h e r  and tha t  
the  p r e s e n c e  of  one d id  not in any way e x p r e s s  o r  s u p p r e s s  the  
e f fec t  of  t he  o t h e r .  This  b r i n g s  us to t he  impor t an t  ques t ion  as 
to w h e t h e r  the  combined  t o x i c i t y  of  metal  combina t ions  is  a l so  
mainly c o n c e n t r a t i o n  dependen t  and not metal  d e p e n d e n t .  The 
p re sen t  s e r i e s  of  e x p e r i m e n t s  were  conduc ted  usin 8 an e s s e n t i a l  
and a n o n - e s s e n t i a l  metal  in combina t ion  wi th  the  content ion  tha t  
the  an imals  wi l l  d e t o x i f y  the  n o n - e s s e n t i a l  metal  and would h a n d l e  
the  e s s e n t i a l  metal  l a t e r .  However ,  t he  r e s u l t s  do not s u p p o r t  
t h i s  a s s u m p t i o n .  F u r t h e r ,  when c o p p e r  and cadmium were a p p l i e d  
in c o n c e r t ,  t h e  96 h r  LC va lues  showed  v a r i a t i o n s ,  not on ly  
from the individual me~a~ stand point but also in dual 
combination. In the presence of copper, the LCmn of cadmium 
varied considerably and the variation was n ~  copper - 
concentration dependent when the metals were administered in dual 
combination. This forces us to assume that it is not possible to 
ignore the amount administered versus the amount reaching the site 
of action, so as to cause mortality. 

The t o x i c i t y  uni t  concep t  (Marking and Dawson 1975) seems to be 
a mere r e d e f i n i t i o n  of  the  s imp le  s i m i l a r  ac t ion  model  and tha t  i t  
has  been e m p l o y e d  to c h a r a c t e r i z e  t he  t o x i c i t y  of  m i x t u r e s  of  
p o l l u t a n t s  wi thou t  r e g a r d  for  d o s e - d e p e n d e n t  m o r t a l i t y  b rough t  
about  by  i n d i v i d u a l  me ta l s .  T h i s  can be e a s i l y  seen in some of  
the  two metal  combina t ions  conduc ted  in t he  p r e s e n t  i n s t ance .  The 
sh i f t i ng  of  s i m p l e  a d d i t i v i t y  to l e s s  than  a d d i t i v i t y  o r  more than  
a d d i t i v i t y  was found to be c o n t r o l l e d  b y  the  c o n c e n t r a t i o n  of  one 
of  the  meta l s  r a t h e r  than b o t h .  Less  than  a d d i t i v e  r e a c t i o n  
r e c o r d e d  in t h e  case  of  Donax i n c a r n a t u s  p r o b a b l y  s p e a k s  fo r  
i n d e p e n d e n t - s i m i l a r  ac t ion  of  me ta l s .  

Examinat ion  of  t he  da ta  o b t a i n e d  on t w o - m e t a l  combina t ions ,  
e s p e c i a l l y  wi th  r e f e r e n c e  to cadmium and c o p p e r ,  shows  tha t  
sh i f t i ng  from l e s s  than  a d d i t i v i t y  to more than  a d d i t i v i t y  and 



Table  3a. Donax i n c a r n a t u s .  96 h r  LC_ 0 ( p p b ) ,  when e x p o s e d  to 
constant  concen t r a t i on  of  c o p p e r  sa l t  wit~ v a r y i n g  c o n c e n t r a t i o n s  of  
mercu ry  s a l t ,  along with t he  r e s p e c t i v e  954 conf idence  l im i t s  and 
a d d i t i v e  i n d i c e s .  

Copper  Mercury  954 Conf idence  A d d i t i v e  
(ppb )  96 h r  LC50(ppb ) l im i t s  I n d e x  

20 90.5 

15 51.1 

10 * 

5 * 

1 * 

ND -1.33 

ND -0.46 

SA : Simple  a d d i t i v e  

ND : Not Determined 

r : No m o r t a l i t y  

Table  3b.  Donax i n c a r n a t u s .  96 h r  LC_ 0 ( p p b ) ,  when e x p o s e d  
to cons tan t  concen t r a t i on  of  m e r c u r ~  sa l t  wi th  v a r y i n g  
concen t r a t i ons  of  c o p p e r  s a l t ,  along wi th  the  r e s p e c t i v e  954 
conf idence  l im i t s  and a d d i t i v e  i n d i c e s .  

Mercury  Coppe r  95% Conf idence  A d d i t i v e  
( p p b )  96 h r  LC50(ppb)  l imi t s  I n d e x  

30 20.2 

20 33.6 

15 47.4  

10 * 

5 * 

15.7 - 26.0 -0 .31  (LA) 

22.2 - 50.8 - 0 . 6 7  (LA) 

34.2 - 65.6 - 1 . 1 3  (LA) 

LA : Less than add i t i ve  

* : No mortal i ty 
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T a b l e  4a .  Donax i n c a r n a t u s .  96 h r  LC. 0 ( p p b ) o  when e x p o s e d  to 
cons t an t  c o n c e n t r a t i o n  of c o p p e r  s a l t  w i t~  v a r y i n g  c o n c e n t r a t i o n s  of  
cadmium s a l t ,  a long w i t h  t h e  r e s p e c t i v e  954 c o n f i d e n c e  l i m i t s  and 
a d d i t i v e  i n d i c e s .  

C o p p e r  Cadmium 954 C o n f i d e n c e  A d d i t i v e  
( p p b )  96 h r  L C 5 0 ( p p b )  l i m i t s  I n d e x  

20 246.0  242.9 - 250.4  - 0 . 5 5  (LA) 

15 236.8  203.1 - 299.2  - 0 . 3 3  (LA) 

10 160 .4  153.8  - 167 .4  0 .11 (MA) 

5 116.5  93.3 - 145.1  0 .78  (MA) 

1 109 .4  77.1 - 153 .0  - 0 . 0 5  (SA) 

LA : L e s s  than  a d d i t i v e  

MA : More t han  a d d i t i v e  

SA : S i m p l e  a d d i t i v e  

T a b l e  4 b .  Donax i n c a r n a t u s .  96 h r  LC~ 0 ( p p b ) ,  when e x p o s e d  to 
cons t an t  c o n c e ~ t i - ~  ~ - ~ d m i u m  s a l t  With v a r y i n g  c o n c e n t r a t i o n s  
of  c o p p e r  s a l t ,  a long w i t h  t h e  r e s p e c t i v e  954 c o n f i d e n c e  l i m i t s  and 
a d d i t i v e  i n d i c e s .  

Cadmium C o p p e r  95% C o n f i d e n c e  A d d i t i v e  
( p p b )  96 h r  L C 5 0 ( p p b  ) l i m i t s  I n d e x  

300 ND 

250 26 .6  

200 38.1  

I00  

50 

ND 

15.7  - 45.3  - 0 . 8 4  (LA) 

21.1 - 68.8  - 1 . 1 3  (LA) 

LA : L e s s  t han  a d d i t i v e  

: No m o r t a l i t y  

ND : Not d e t e r m i n e d  
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then to l e s s  than a d d i t i v i t y  o c c u r s  wi th  r e s p e c t  to Donax 
i n c a r n a t u s .  Since the  s e a w a t e r  used for  the  e x p e r i m e n t s  came from 
the  same s t o c k ,  t h i s  could not be  t he  e f fec t  of  complexa t ion  a lone 
(Mac Innes 1981) .  It  is  sa fe  to assume tha t  c o p p e r ,  an e s s e n t i a l  
and h i g h l y  t ox i c  meta l ,  when p r e s e n t  in h i g h e r  c o n c e n t r a t i o n s  was 
the  main o f f e n d e r  and cadmium had  no e f f e c t ,  dea th  would h a v e  
been c o n t r o l l e d  by  the  t ox i c  r e a c t i o n s  of  c o p p e r  a lone ,  i nd i ca t ing  
i n d e p e n d e n t - d i s s i m i l a r  ac t ion .  The p r e s e n t  s t u d y  ha s  a t t e m p t e d  to 
d e m o n s t r a t e  the  r e l e v a n c e  of  adop t ing  m u l t i v a r i a b l e  p r o c e d u r e s  to 
e s t ima te  t o x i c i t y  ( A l d e r i c e  1972) .  
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