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Haemato logy  is used as an index of heal th  s ta tus  in a number  of  
fish species (Blaxhall 1972). Haemato log ica l  changes have been 
de t ec t ed  following d i f fe ren t  types  of  s t ress  conditions like exposure  
to pollutants ,  diseases,  hypoxia, e tc .  (Duthie and Tor t  1985). Copper  
and mercury  are  two known aquat ic  pollutants.  Though copper  is 
an essent ia l  micro-nut r ien t ,  it is highly toxic  a t  high concen t ra t ions  
(Tort  e t  al 1987; EI -Domia ty  1987). Mercury has no biological  
function to se rve  and causes  serious impa i rment  in the me tabo l i c  
and physiological functions of  the body (Calabrese  e t  al 1975). In 
this paper  haema toc r i t  and haemoglobin (Hb) values in the fish 
Oreochromis  mossambicus  separa te ly  exposed to two d i f fe ren t  sublethal  
concent ra t ions  of copper  and mercury  for a period of 168 h are  
repor ted .  

MATERIALS AND METHODS 

Specimens  of O. mossambicus  were  co l lec ted  f rom Cochin a rea  
(9~ 76~ They were  a c c l i m a t i z e d  in the l a b o r a t o r y  for 
a month. Fishes of  length 9 to 11 cm and weighing 30 to 40 g 
were  se lec ted  for the exper iment .  Later ,  they were t r ans fe r r ed  
to large exper imen ta l  tanks (250 L) containing 200 L dechlor inated  
tap  wa te r  (pH 6.8; dissolved oxygen 4.8 mL/L; hardness 22 mg/L 
as CaCO~). Ca lcu la ted  volumes of 1000 mg/L solutions of copper  
sulphate  (~3DH) and mercur ic  chloride (Merck) were  sepa ra t e ly  added 
to the  tanks to give concen t ra t ions  of  100 ug/L and 200 ug/L for 
copper  and 100 ug/L and 150 ug/L, for mercury.  The last  tank 
without  any tox ican t  served as the control .  The tes t  medium was 
renewed eve ry  24 h. The t e m p e r a t u r e  in the tanks was main ta ined  
a t  28 + l ~  Fishes were  not fed during the exper iment .  Fish 
blood samples  were  co l lec ted  a t  24, 72, 120 and 168 h by sever ing 
the  caudal  peduncle. Haemoglobin was de te rmined  by the 
cyanmethaemoglob in  method (Drabkin 1946). Blood-fi l led hepar inized 
mic rohaema toc r i t  capi l lary  tubes were  cen t r i fuged  a t  12000 rpm 
for  5 min and the haema toc r i t  values were  read  directly.  The resul ts  
were  analyzed s ta t i s t ica l ly .  The signif icant  d i f fe rence  ( P C  0.05) 
be tween  exper imenta l  groups and control  groups were  de te rmined  
using student's t-test. 
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RESULTS AND D I S C U S S I O N  

T h e  r e s u l t s  a r e  p r e s e n t e d  in  T a b l e s  I a n d  2. T h e  
Hb values of  copper  dosed animals  were s ignif icant ly lower than 
the  control  at  24 h. But mercury-dosed fishes did not show any 
significant  d i f fe rence  in the Hb content .  At 72 h the copper -exposed  
fishes showed a d i f fe ren t  t rend in Hb values. A highly s ignif icant  
increase  in the Hb con ten t  of coppe r - t r ea t ed  fishes was seen a t  
72 h. But there  was no s ta t i s t i ca l  d i f ference  in the Hb values of  
mercury-dosed  fishes a t  24 h and 72 h. The Hb con ten t  Increased 
signif icant ly in the copper  and mercury-dosed fishes a t  120 and 
168 h. 

H a e m a t o c r i t  values did not a l te r  significantly in all m e t a l - t r e a t e d  
fishes a t  24 h. But a t  72 h the coppe r - t r ea t ed  fishes and fishes 
exposed to the higher concen t ra t ion  (150 ug/L) of  mercury  showed 
a s ta t i s t ica l  increase  in h a e m a t o c r i t  values. At 120 and 168 h the 
haematoc r i t  increased in all m e t a l - t r e a t e d  fishes compared  to the 
controls.  

In the present  s tudy the re  is a distinct d i f ference  in Hb values 
be tween  copper-dosed  and mercury-dosed  fishes in the initial  s tage  
(24 h) of  the exper iment .  Unlike mercury,  the copper -dosed  fishes 
showed a s ignif icant  dec rease  in Hb content  at 24 h, but there  was 
no change in the h a e m a t o c r i t  values of these fishes. This shows 
a haemodilution and the resul tant  swelling of the e r y t h r o c y t e s  
combined with the r e l ease  of  e ry th rocy tes  from the e ry th ropo ie t i c  
organs. Haemodilut ion has been in te rpre ted  as a mechanism which 
reduces  the concen t ra t ion  of  an i r r i ta t ing fac tor  in the c i rcu la to ry  
sys tem (Smit e t  al 1979). Haemodilut lon has been observed in Colisa 
fasc ia tus  exposed to zinc by Mishra and Sr tvas thava  (1979). Tor t  
e t  al (1987) observed a process  of e ry th rocy te  swelling in the dog 
fish, Scyliorhinus canicula  exposed to copper.  Such an increase  of 
e ry th rocy t e  size is genera l ly  considered as a response against  stress.  
The swelling would be a consequence of fac tors  like high PCO 2, 
high l ac t a t e  concen t ra t ion  or low PO 2 in the blood, leading to a 
low ATP concent ra t ion ,  which would increase the oxygen af f in i ty  
of  blood (Solvio and Nikinmaa 1981). Since metals  produce  changes 
on blood gases and l ac ta te ,  the swelling of  red blood cells  could 
be involved in the response of fish against  heavy meta l  pollution 
(Tort e t  al 1987). A dec rease  in Hb content  and an increased  RBC 
count were observed by Tor t  and Torres (1988) in the dog fish 
Scyliorhinus canicula  exposed to cadmium. Abrahamsson and Nilsson 
(1975) observed tha t  the con t rac t ion  of spleen of cod exposed to 
a s t ress  would re lease  blood cells  into the blood s t r eam.  A similar  
pa t t e rn  has been d e t e c t e d  in Cyprinus carpi  o a f t e r  Cd exposure 
(Koyama and Ozaki 1984). These  findings also support  the hypothesis  
tha t  haemodilut ion is a probable  cause for decrease  in Hb conten t  
in copper-dosed fishes. Such a decrease  in Hb value was also observed 
by van Vuren (1986) in Labeo  umbratus  exposed to various pollutants .  
Juveniles  of  Clar ias  l aze ra  exposed to copper  for 96 h showed a 
decrease  in Hb values (EI -Domia ty  1987). Tor t  e t  al (1987) observed 
this phenomenon in the dog fish exposed to copper.  
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At 72 h the copper -dosed  O. mossambtcus  showed a r eve r se  trend. 
There  was a s ignif icant  Increase  in Hb con ten t  and a corresponding 
increase  in h a e m a t o c r l t  values. The body of  the copper -exposed  
fish might  have adap ted  to the me ta l  s t ress  by this t ime. 
Haemodi lu t lon  could be  an Initial reac t ion  of the body to the stress.  
Af te rwards  the living sys tem rec t i f ied  the Imbalance  by removing 
wa te r  from the blood. This could resul t  in haemoconcen t ra t ion .  

The Hb con ten t  In both the copper  and mercu ry -exposed  fishes 
Increased  a t  120 and 168 h. There  was a corresponding increase 
in the h a e m a t o c r i t  values  as well. The e f f e c t  of  mercury  in fish 
was fel t  only a t  120 h and af ter .  This could have been due to an 
increased  product ion by the e ry th ropote t t c  organs. McKim e t  al 
(1970) found a s t a t i s t i ca l ly  s ignif icant  increase  in RBC count, 
haema toc r i t ,  and Hb in the brook trout  Salvelinus fontinalis  a f t e r  
shor t  t e rm (6 d) and long te rm (21 d and 337 d) exposure  to copper.  
Svobodova (1982) ob ta ined  a highly s ignif icant  increase  in haematoc r l t ,  
RBC count,  and Hb in C. carpio exposed to copper  for  48 h. The 
mean  cell  vo lume (MCV) and mean corpuscular  haemoglobin 
concen t ra t ion  (MCHC) in this expe r imen t  remained  without  change. 
This indicates  tha t  the increase  in Hb is due to an increase  in RBC 
number.  He has also explained the changes  in the haemato log ica l  
p a r a m e t e r s  in the in toxica ted  carp as disorders in the oxidation 
process  in the fish. H a e m a t o c r i t  and Hb values were  e l eva ted  at  
6 and 30 d in Ic ta lurus  nebulosus exposed to copper.  But the to ta l  
RBC count  was constant .  This indicated an increase  in average  
cell  size, due to e i ther  cel lular  swelling or mor t a l i t y  of  small 
i m m a t u r e  cel ls  and r ep l acemen t  by larger  cel ls  f rom the spleen 
(Chris tensen e t  al 1972). 

Buckley (1976) has shown that  there  is an increase  in the number 
of  c i rcula t ing  i m m a t u r e  e ry throcytes ,  when fishes were  exposed to 
d i f fe ren t  pol lutants .  This may be due to a s t imula t ion  of 
e ry thropoies is  by e l eva t ed  demands for O or CO O t ranspor t  as a 
resul t  of  increased  metabol ic  ac t iv i ty  o~ by degtruct ion of gill 
membranes  causing faul ty  gaseous exchange.  Davis (1973) found 
an increase  in the oxygen uptake,  ven t i l a to ry  wa te r  flow, cough, 
and buccal  pressure  in sockeye  salmon (_Oncorhynchus nerka) exposed 
to Bleached Kra f t  Pulp Mill Eff luent  (BKME). He also found tha t  
a r t e r i a l  oxygen tension decreases  rapidly when exposed to BKME. 
On the average ,  this decline represen ted  a 20% decrease  in oxygen 
sa tu ra t ion  of the blood. Increase  in Hb con ten t  could be a mechanism 
by which the body t r ies  to absorb more 0 2 f rom the surrounding 
medium to m e e t  the increased demand. 

I t  has been widely repor ted  that  many pol lu tants  en te r  the RBC 
and e i ther  oxidize or denature  the Hb by inhibiting the glycolysis 
or metabol i sm of the hexose monophosphate  shunt (HMPS). Buckley 
(1976) found degene ra t ive  changes including fo rmat ion  of  Heinz bodies 
in the e r y t h r o c y t e s  in fingerlings of  coho salmon (Oncorhynchus 
kisutch) exposed to chlor inated waste  wa te r  containing Tota l  Residual 
Chlorine (TRCI2). Fairbanks (1967) showed tha t  copper  p e n e t r a t e  
the in tac t  e r y t h r o c y t e ,  inhibiting glycolysts,  denatur ing Hb and 
oxidising gluta thlone.  The increased Hb con ten t  in me ta l  exposed 

318 



fishes could be explained as a process where the body produces an 
Increased amount of Hb to replace the oxidized or denatured Hb 
formed as a result of metal exposure. In a study on the mechanism 
of acute toxicity of monochloramlne to fathead minnows (Plmephales 
promelas), Grothe and Eaton (1975) found a methemoglobln (Mhb) 
level of 30% of total Hb. Therefore,  methemogloblnemta and the 
resulting anoxta were considered as the basis for toxicity of 
monochloramlne under test conditions (Buckley 1976). So, formation 
of methemoglobln reduces the oxygen carrying capacity of the blood. 
Reaction of the body to this situation would be by stimulating the 
erythropotetlc tissue and increasing the Hb content of the blood. 
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