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Cadmium is recognized as one of the most hazardous environmental  
pollutants and is toxic to many living organisms. Experimental 
and environmental  exposure to cadmium has been reported to cause 
disease in humans and other mammals (Friberg et  al. 1986). Recent  
reviews on cadmium have reported on acute  and subacute e f fec t s  
on fish, mechanisms of toxicity,  the role of toxicity modifying 
factors  and various sublethal ef fec ts ,  i.e. hematological  and bio- 
chemical  disorders (Sprague 1987). However,  very little information 
is available on the subacute e f fec ts  of cadmium on fish blood expos- 
ed in hard water .  The present  investigation, therefore,  was carried 
out to observe the e f fec t s  of cadmium on the blood of tilapia 
(Oreochromis mossambicus) in hard and alkaline water to determine 
whether cadmium causes changes in blood of fish kept in hard 
water  in the same way it causes changes in blood of fish kept 
in soft water.  

MATERIALS AND METHODS 

Fish used in the experiments were collected from a local lake 
and were accl imatized in a PVC tank (23g cm x g2 cm x 61 cm; 
1100 L water capacity) and in glass aquaria (92 cm x 38 cm x 
37 cm; 120 L water capacity) for at least 30 days. Healthy and 
active fish were selected for the study having a mean weight of 
103.59-+3.66 gm and mean length of 19.9-+0.25 cm. These fish were 
divided into four main groups and further into six subgroups having 
f ive fish in each. These groups were exposed to 0, 0.1, 1.0 and 
10.0 ppm Cd for a period of I, 3, 7, 14, 21 and g5 days. The nominal 
concentrations of cadmium were achieved by adding a suitable 
quantity of stock solution (600 ppm) to 60 L of water in the glass 
aquaria. Prior to the experiment and during experiment the fish 
were fed once daily with dry fish powder and on every alternate 
day with tubif icid worms (Tubifex s__p_) ad l ibi tum. The test medium 
was changed every day. The experiments were performed under 
natural l ight and ambient temperature. The quality of the test 
water (pH 7.97+_O.O13;temperature 29.77_+0.0#9~ alkalinity 333.56_+ 
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1.538 ppm; total hardness177.55• ppm and dissolved oxygen 
8.51_+0.096 ppm) was studied as per s tandard methods (APHA 1985). 
Cadmium in each exper imenta l  aquarium was de te rmined  without  
any prior t r e a t m e n t  to the water  samples  on an Atomic Absorption 
Spec t ropho tomete r  (Perkin-Elmer  Model 373). The cadmium levels 
in liver and kidney were also de te rmined  a f t e r  proper digestion 
(Rei tz  e t  al. 1960) using re fe rence  s tandard f rom pure cadmium 
meta l  prepared  in 1 M. HNO 3. 

Feeding was stopped 2# hr prior to each sampling interval .  Five 
fish f rom each exper imenta l  and control  aquarium were  removed 
and anaes the t i zed  with MS 222 (3-aminobenzoic  acid ethyl es ter)  
a t  each fixed exposure interval .  Blood samples  were  col lec ted  
in heparinized vials with a 1 ml disposable syringe equipped with 
a 22 guage hypodermic needle by puncturing the ventral  aor ta .  
Hemoglobin,  hematoc r i t ,  red blood cell counts~ red blood cell indices 
and d i f ie rent ia l  white blood cell counts were  measured (Blaxhall 
and Daisely 1973). The da ta  were  subjected to Student ' s  ' t '  t e s t  
for cor re la t ion  and regression equation. 

RESULTS AND DISCUSSION 

The results  of the presen t  invest igat ion showed various anomalies  
in the blood of t i lapia,  Oreochromis  mossambicus,  during prolonged 
exposure to cadmium (Tables 1 & 2). 

Hemoglobin decreased  significantly f rom the controls  in fish exposed 
to cadmium for 3 days to 0.1 and 10.0 ppm, 7 days to 10.0 ppm, 
14 days to 0.1 ppm and 45 days to 1.0 ppm. Hema toc r i t s  decreased  
signiIicantly a t  l day to all three  t es t  concent ra t ions ,  and a t  3, 
14 and #5 days to 10.0 ppm. Red blood cell counts also decreased  
compared  to controls  a t  1 day to 0.1 ppm~ 14 days to 1.0 and 10.0 
ppm, 21 days to all cadmium concent ra t ions  and #5 days to 1.0 
ppm. 

Red blood cell indices such as MCV, MCH and MCHC showed cer ta in  
changes in cadmium-exposed  fish. Mean cell volume (MCV) increased 
significantly a t  7 and 14 days to 10.0 ppm as well as 21 and #3 
days to 1.0 ppm. The rise in MCH above the controls  was s ignif icant  
a t  3 days to 1.0 ppm and 10.0 ppm, 7 days to 1.0 ppm, ltt days 
to 1.0 and 10.0 ppm, 21 days to all concent ra t ions  of cadmium 
and 45 days to 0.1 and 10.0 ppm. However ,  MCHC was reduced 
significantly ~rom the controls  a t  3 days to 0.1 ppm; 7 days to 
10.0 ppm; 14 days to 0.1 ppm and #5 days to 1.0 ppm. The reduct ion 
in these var iables  was 70%, 63% and 56% of the control  values. 

Hemoglobin and h e m a t o c r i t  decreased  in eels (Anguilla anguilla) 
and perch (Pleuronectes  flesus) during sho r t - t e rm as well as long- 
t e rm exposures to cadmium in sea wa te r  (Larsson 1975). Nine weeks 
exposure to sublethal levels of cadmium in brackish water  reduced 
Hb, Hc t  and RBC counts in flounder,  P leuronec tes  flesus (3ohansson- 
Sjobeck and Larsson 1978). The prolonged exposure to sublethal  
level of cadmium in sof t  water  for 90 days caused reduct ion in 
Hb, Hc t  and RBC counts in fish Puntius conchonius (Gill and Pan t  
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F i g u r e  1. Correlation between cadmium accumulation 
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1985). These repor ts  revealed  tha t  the high level of cadmium in 
tes t  water  causes  hematologica l  changes much earl ier  than the 
lower ones. However ,  in con t r a s t  to the above mentioned result ,  
Smith e t  al. (1976) and Calabrese  e t  al. (1975) did not observe 
any s ta t i s t ica l ly  s ignif icant  changes in these three  var iables  in 
ca t f i sh  (Ictaluras punctatus)  and flounder (Pseudopleuronectes  a m e -  
r icanus) /  respectively~ when exposed to cadmium in tap water  
and sea wate r .  The presen t  study di f iers  l i t t le  f rom the above 
ment ioned repor t  and indicates the reduct ion in Hb, H c t  and RBC 
a t  many exposure intervals .  

Red blood cell indices MCV, MCH and MCHC exhibi ted a l t e ra t ion  
during prolonged exposure to cadmium.  The increase in MCV and 
MCH was 133% and 247% of the control  values, while MCHC 
did not show much change.  Increased MCV and MCH were observed 
in rainbow t rout  (Salmo gairdneri)  and in Puntius conchonius during 
30 days exposure to sublethal  level of lead and cadmium (Johanson- 
Sjobeck and Larsson 1979; Gill and Pan t  1985), respec t ive ly .  Thus 
anemia  developed by ti lapia in this study could be regarded as 
macrocy tic anemia .  

The probable  mechanism for developing anemia  in ti lapia could 
be due to the loss of e ry th rocy te s  as compensa tory  erythropoies is  
could not be observed,  which was r e f l ec t ed  in the absence of imma-  
ture e ry th rocy te s  in the peripheral  blood. A negat ive  cor re la t ion  
be tween  cadmium accumula t ion  in kidney and liver with lower 
number oi red blood cells and h e m a t o c r i t  values was found in this 
invest igat ion (Figs. 1 & 2). A similar negat ive  cor re la t ion  was 
observed be tween  selenium accumula t ion  in hepa topancrease  and 
Hc t  i n  redear  sunfish (Lepomis microlophus) by Sorensen and Bauer 
(1983). Thus a reasonable assumption could be made tha t  in this 
study cadmium accumula t ion  in internal  organs such as kidney 
and liver has a profound e f f e c t  on hematology of fish. 

The proport ion in d i f fe rent ia l  white  blood cell counts was a l te red  
in exposed fish. Thrombocytes  increased over  the controls  signific-  
antly a t  3 and 7 days to 0.1 ppm. Small lymphocyte  counts dec reas -  
ed significantly a t  1 day to 0.1 and 1.0 ppm, 21 days to 1.0 pm 
and tt5 days to 1.0 and 10.0 ppm. The large lymphocyte  population 
increased insignificantly a t  the two lower concent ra t ions  in the 
initial phase of study. There was a s ignif icant  d i f fe rence  a t  1~ 
days to 10.0 ppm and 45 days to 1.0 ppm. The neutrophil number 
increased ~ignilicanfly a t  1 and 3 days exposure to 10.0 ppm cad-  
mium, l'tt and 21 days to 1.0 and 10.0 ppm and 45 days to 10.0 
ppm. Monocytes showed a reduct ion in number a t  3 days to 0.1 
ppm, 14 days to 0.i  and 10.0 ppm and 21 days to 0.1 ppm. 

Very few repor ts  are avai lable  on the study of d i f fe rent ia l  white 
blood cell counts in fish which are a f f ec t ed  upon exposure to chemi -  
cal pol lutants  (3ohansson-Sjobeck and Larsson 1978; Lowe-3inde 
and Niimi 1986). The presen t  invest igat ion reveals  a conspicuous 
f luc tuat ion  in the proport ion of d i f fe ren t  white blood cells under 
exper imenta l  cadmium exposure.  Cadmium produced thrombocytos is ,  
neutrophil ia  and cytological  shif t  in lymphocytes  during prolonged 
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exposure.  Thrombocytosis  was repor ted in fish (Colisa faciatus) 
during its exposure to cadmium (Srivastava and Mishra 1979). The 
cytological  shift  observed in this study was similar to the shift  
observed between small and large lymphocytes  in cadmium- t rea ted  
rats  and mice (Oshawa and Kawai 1981). The responses of d i f fe ren t  
white blood cells in this study might be secondary responses and 
were expec ted  partly to be mediated through the increase pituitary 
inter-renal  act ivi ty as repor ted  by Donaldson (1981) during stress 
condition of the fish. 

Table 3. Cadmium concent ra t ion  (ppm) in tes t  medium. 

Nominal concent ra t ion  Measured concent ra t ion  

0.1 Mean-+SD 0.0783_+0.0078 
Range (0.019-0.130) 

1.0 Mean_+SD 0.7250+_0.05#8 
Range (0.250-1.350) 

10.0 Mean_+SD 6.#635_+0.#036 
Range (2.100-9.850) 

The present  study observed macrocyt ic  normochromic anemia with 
thrombocytosis ,  neutrophilia and cytological  shift  be tween large 
and small lymphocytes  in fish during prolonged exposure to cadmium 
in alkaline and hard water .  However,  this study fails to observe 
any specif ic  trend in hematological  pa ramete rs  as observed by 
o t h e r  invest igators (Larsson 19751 3ohansson-Sjobeck and Larsson 
19781 Gill and Pant  1985). The probable reason for non linear a l t e ra -  
tion in three hematological  pa ramete rs  could be due to the large 
variat ion in availability of cadmium ion in the tes t  medium (Table 
3), and also because of d i f fe rence  in sensitivity of tes t  species 
used in the study. The study thus proves that  cadmium, even in 
ex t remely  alkaline and hard water ,  produces toxic e f f ec t s  in fish 
blood. 
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