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Abstract:  An attempt has been made in the present investigation to determine the acute toxicity of hexavalent 
chromium and its toxicological effects on survival, physiological, hematological and biochemical parameters of 
the widely consumed Indian major carp, Labeo rohita. Short-term acute toxicity tests were performed adopting 
renewal bioassay technique (USEPA, 1975) over a period of 96h, using different concentrations of potassium 
dichromate to the fish and the 96 h LC50 value was found to be 111.45 mg/l (Cr+6 as 39.40 mg/l).  ANOVA results 
showed that the normal respiratory activity of the fish was significantly affected and there is a depression in the 
metabolic rate at the end of 24, 48, 72 and 96h exposure.  The metal also induced significant decrease (p<0.001) 
in the hematological parameters of the fish like total erythrocyte count, hemoglobin percent and absolute value 
Mean cell hemoglobin (MCH) both at the end of 24h and 96h exposure indicating anemia.  Appreciable decline in 
the biochemical profiles such as total glycogen, total lipids and total protein contents of the fish was also 
observed.  However, the decrease in protein content was significant only at the end of 96h.  This study reflects the 
extent of the toxic effects of hexavalent chromium and the metal induced cumulative deleterious effects at various 
functional levels in the widely consumed freshwater fish, Labeo rohita.

Keywords: Chromium+6, Labeo rohita, acute effects, oxygen consumption, hematological indices, biochemical 
profiles.   

 

Introduction 
 
Freshwaters are highly vulnerable to pollution since 

they act as immediate sinks for the consequences of 
human activity always associated with the danger of 
accidental discharges or criminal negligence.  Heavy 
metals constitute a core group of aquatic pollutants and 
additional concentrations of these metals accumulate in 
the aquatic ecosystems as a result of land-based activities 
[1].  Fish mostly have a tendency to bio-accumulate 
heavy metals and humans can be at great risk sometimes 
even lethal, through contamination of the food chain [2]. 
Chromium continues to be in widespread use in industry, 
paints, metal plating as corrosion inhibitor and its 
particulates enter the aquatic medium through effluents 
discharged from tanneries, textiles, electroplating, 
mining, dyeing, and printing industries, photographic 
and pharmaceutical industries. In the environment, 
chromium exists primarily in the trivalent and hexavalent 
forms but the hexavalent form predominates the trivalent 

form in natural waters.  Cr (VI) compounds have been 
found to be mutagenic and carcinogenic in a variety of 
test systems. Chromium is also a compound of biological 
interest, probably having a role in glucose and lipid 
metabolism as an essential nutrient [3]. 

Information on the acute toxic effects of hexavalent 
chromium on survival and physiology of fishes is limited 
in Indian context [4-9] and its effects on the widely 
consumed Indian major carp, Labeo rohita which forms 
an important link in the aquatic food chain are not 
known.   Knowledge of acute toxicity of a xenobiotic 
often can be very helpful in predicting and preventing 
acute damage to aquatic life in receiving waters as well 
as in regulating toxic waste discharges [10].  In view of 
this, short-term acute toxicity tests were performed on 
Labeo rohita over a period of 96h to determine the LC50
value so as to elucidate the acute effects of hexavalent 
chromium on the survival, oxygen consumption, 
haematological parameters and some biochemical 
constituents of the fish.  The corresponding results are 
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discussed in this paper and compared with those in other 
fishes exposed to various other metallic and 
environmental stressors. 

 
Materials and Methods 
 
Acute Toxicity Tests 

 
Labeo rohita were obtained from the Government Fish 

Farm at Nidubrolu town (160.5’N; 800.5’ E) and healthy fish 
were acclimated in the laboratory for 15 days in plastic pools 
of 100 litres capacity containing well-aerated unchlorinated 
groundwater before they were used for experiments.  The 
feeding and maintenance of the fish and the physico-chemical 
characteristics of water used for acclimation, controls and 
experimentation were given earlier [11].  Short-term tests of 
acute toxicity over a period of 96h were performed on the 
fish following renewal bioassay.  Only fishes which were 
healthy and showed active movements were used for the 
tests.  Experiments were performed only on fingerlings (total 
length 5-6 cm and total weight 2-3 g).   

Desired concentrations of potassium dichromate 
(Excelar grade, Qualigens, Mumbai, India) were 
prepared by adding aliquots of 1% stock solution in 
double distilled water.  The toxicant solution in the test 
chambers was replaced with fresh solution of same 
concentration every 24 hours.  Renewal bioassays were 
conducted using five concentrations of potassium 
dichromate viz., 80 mg/l; 100 mg/l; 120 mg/l; 140 mg/l 
and 150 mg/l which resulted in mortality of the fish 
within the range of five to 95 %.  Ten fishes (in two 
batches of five each) were tested at each concentration 
and the loading was at the recommended level [12].  
Controls without toxicant were also run simultaneously.  
The behaviour and condition of the fishes was noted 
every 24h up to 96h.  Between the experiments, the test 
chambers (15 litre capacity) were carefully washed to 
eliminate residual metal adsorption to the walls.  Fishes 
that failed to respond even to strong tactile stimuli were 
considered dead and removed immediately.  No 
differentiation was made between sexes. 

 
Statistical Analysis 

 
The experiments were repeated thrice and only the 

arithmetic mean of the three experiments at each 
concentration was taken to express the results.  Probit 
analysis of log dose against response (mortality) was 
performed adopting standard protocol (13). The 
regression equations were calculated by the method of 
least squares and 96h LC50 value was derived from the 
equation. 

 
Oxygen Consumption 

Since respiratory distress is one of the important 
manifestations of acute heavy metal toxicity and is 
known to produce physiological imbalance, Labeo rohita 
were exposed to 96h LC50 concentration of chromium.  
In the present study, the respiration rate of the same fish 
was measured from 24h to 96h with a 24h interval.  At 
the end of 24h exposure, each fish was transferred from 
the test chamber (5 l capacity) to respiratory chamber of 1 

litre capacity, which is also numbered in accordance with 
the test chamber.  The fish were allowed to stabilize for five 
minutes and then the experiment was run for a period of 1h.  
After the experiment, the fishes were replaced in their 
respective test chambers.  The same procedure was repeated 
for 48h, 72h and 96h.   Any dead fish during the course of 
the experiment was removed and the test repeated so as to 
get the response of at least three fishes.  Controls were also 
run simultaneously to obtain information on the oxygen 
consumption of the fish in normal state.  At the end of 96h, 
the fishes were sacrificed, blotted dry and weighed to the 
nearest mg to calculate the metabolic rate.  Respiratory 
measurements were made by the method adopted by Fitch 
[14] and the dissolved oxygen was estimated adopting 
Winkler’s method.  The oxygen consumed by the fish is 
expressed as mgO2/g and metabolic rate as mg O2/g/h.  The 
respiratory measurements were made in diffused daylight 
and the time of the experiment was kept constant (11.00 am 
to 3.00 pm) to avoid the effect of time of day on the 
respiration of the fish.  The temperature and pH during the 
course of the experiments were 270 ± 10C and 8.0 ± 0.5, 
respectively. ANOVA was employed to test the 
significance between the individual fishes and effect of time 
and unpaired Student’s ‘t’ test was applied to find the 
significance of difference between the means of control and 
exposed fishes [15]. 

 
Hematological Studies 

 
Twenty fish (in two batches of 10 each) were 

exposed separately to 96h LC50 concentration of 
chromium (39.40 mg/l) for both 24 and 96h.  Controls 
were also run simultaneously. After a 24h exposure, five 
fish from those that survived the exposure were 
removed; blotted dry and their tails were severed at the 
caudal peduncle with a sterilized surgical blade for blood 
samples.  The initial drops were discarded and fresh 
blood was collected in small vials (anticoagulated with 
0.02 ml of 10% EDTA).  The blood samples were 
analyzed separately for each fish for hemoglobin percent 
by acid-hematin method of Sahli in hemometer 
(Germany) and the erythrocytes were enumerated in 
Naeubaur’s double hemocytometer [16].  The mean cell 
hemoglobin (MCH) was directly calculated from these 
values.  The same procedure was followed for the other 
group exposed for 96h.  The experiment was repeated 
thrice and only the arithmetic mean of the three tests was 
considered.  The hemoglobin percent is expressed as g%, 
TEC as 106/mm3 and MCH as picograms.  Unpaired 
Student’s ‘t’ test was employed to compare the mean 
values of control and exposed fishes. 

 
Biochemical Studies 

 
Twenty fish (total length 5.9-6.5cm and total weight 

2.5-3.1 g) in two batches of ten each were exposed 
separately for 24 h and 96 h to 39.40 mg/l of chromium. 
Five fish from those that survived the exposure were 
sacrificed both at the end of 24h and 96h, blotted dry and 
weighed.  They were later dissected to isolate the whole 
liver (30-40 mg), muscle (250 mg) and whole gill (80-
100 mg) tissues. The tissues were dried for 24h in a hot 
air oven at 500C. The dry tissues were weighed to the 
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nearest mg.  The tissues of the control fishes (n = 5) were 
also processed similarly for biochemical analysis.  The 
biochemical parameters viz., glycogen, total lipid and 
total protein were analyzed by adopting universally 
accepted standard protocols [17-19], respectively.  The 
biochemical constituents were expressed as mg per gram 
dry weight of the tissue and only the arithmetic mean 
values (n = 5) are presented to express the results.  The 
mean values of the control and the exposed fishes are 
compared following ‘t’ test. 

 
Results and Discussion 
 
Survival 

 
The concentrations of potassium dichromate tested in 

the present study were 80 mg/l (Cr as 28.30 mg/l), 100 
mg/l (Cr as 35.40 mg/l), 120 mg/l (Cr as 42.42 mg/l), 
140 mg/l (Cr as 49.50 mg/l) and 150 mg/l (Cr as 53.03 
mg/l).  The mortality ranged from 10% to 93.3% and 
increased with a corresponding increase in the toxicant 
concentration and also duration of the exposure 
demonstrating both time and concentration dependent 
responses.   

 
Behavioural Manifestations 

 
The behaviour and condition of the fishes in both the 

control and test solution was noted every 24 h up to 96 h.  
The fishes showed a marked change in their behaviour 
when exposed to different concentrations of the test 
solution.  In lower concentrations of potassium 
dichromate viz., 80 mg/l and 100 mg/l the fishes showed 
rapid swimming than in control. Behavioural 
manifestations of acute toxicity like copious secretion of 
mucus, loss of scales, discoloration, surfacing and 
darting movements were observed in Labeo rohita 
exposed to higher concentrations of potassium 
dichromate viz., 120 mg/l, 140 mg/l and 150 mg/l from 
48 h to 96 h.  After 72 h exposure, the fishes exhibited

lethargy and erratic swimming suggesting loss of 
equilibrium at higher concentrations.  At the time of 
death transient hyperactivity was also observed. 

The regression equation of the expected Probit (Y) 
and log concentration (X) is Y = (y−bx) + bx = 10.23 X 
– 15.94.  The 96h LC50 value for potassium dichromate 
was derived directly from the regression equation and is 
found to be 111.45 mg/l (Cr as 39.40 mg/l) and the 95% 
fiducial limits are 101.92 mg/l (Cr as 36.03 mg/l) and 
121.87 mg/l (Cr as 43.08 mg/l).  It is evident that the 
relationship between log concentration and empirical 
probability is positive and linear indicating that the 
percentage mortality increased with an increase in 
toxicant concentration and also duration of the exposure.   

The reaction and survival of aquatic animals depend 
on not only the biological state of the animals and 
physico-chemical characteristics of water but also on 
kind, toxicity, type and time of exposure to the toxicant.  
In the present study, the mortality increased with an 
increase in concentration and also the duration of the 
exposure.  Behavioural manifestations of acute toxicity 
in Labeo rohita were more or less similar to those 
reported in other fishes exposed to chromium [20].  A 
summary of acute toxicity of chromium to Labeo rohita 
and other fishes indicates that Labeo rohita is more 
susceptible to chromium than other fishes (Table 1).  The 
differences in the 96h LC50 values between Labeo rohita 
and other fishes may be attributed to the fact that metal 
induced changes in physiology and survival of aquatic 
organisms under metallic stress is complicated because 
such changes differ from metal to metal, species to 
species and from one experimental condition to another.  
The exact causes of death due to heavy metal poisoning 
are multiple and depend mainly on time-concentration 
combinations.  However, there is no clear-cut 
explanation on the exact mode of action of different 
metals causing the mortality in aquatic animals.  It is 
possible that cumulative action of chromium at various 
metabolic sites could be responsible for the mortality of 
Labeo rohita.

Species Exposure 
period Results Exposure 

type Temperature Test conditions Reference 

Labeo rohita 96h LC50 39.40mg/l Renewal 27.50 ± 10 C
PH=8.0±.5;CO3=61mg/l;

HCO3=301mg/l; 
Alkalinity = 501mg/l 

Present study 

Pimephales 
promelas 96h LC50 48mg/l Flow 

through 250C PH=7.5 to 7.9; 
Alk=200-230mg/l [35] 

Carassius auratus 96h LC50 120mg/l Flow 
through 250C PH=7.5 to 7.9; 

Alk=200-230mg/l [35] 

Pimephales 
promelas 96h LC50 61mg/l Flow 

through 150C PH=7.6-8.2; 
Alk=230-232mg/l [36] 

Pimephales 
promelas 96h LC50 52mg/l Flow 

through 150C PH=7.6-8.2; 
Alk=230-232mg/l [36] 

Salvelinus 
fontinalis 96h LC50 59mg/l Flow 

through 120C PH=7.0-8.0; 
Hardness=44-46mg/l [37] 

Salmp gardnerii 96h LC50 69mg/l Flow 
through 120C PH=7.0-8.0; 

Hardness=44-46mg/l [37] 

Channa punctatus 96h LC50 50mg/l Static 29.80C ± 10C PH= 7.5-8.5 [6] 
Catla catla 96h LC50 100mg/l Static 280C ± 10 C PH= 7.1; CO3 =604mg/l [26] 

Table 1: A summary of acute toxicity of chromium to icthyofauna

* Source: Brungs et al. Effects of pollution on freshwater fishes. Journal W.P.C.F. 1977, Washington D.C, 49, 1425-1493.  
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Oxygen Consumption 
 

The mean metabolic rates of the control and 
exposed fishes at the end of 24h, 48h, 72h and 96h along 
with the percent decrease from control are given (Table 
2).  It is clear from the results that the metabolic rate of 
Labeo rohita exposed to chromium decreased from 
control with an increase in the exposure period from 24h 
to 96 h. The action of heavy metals on the respiratory 
function of fishes appears to be diversified.  Alteration in 
the cellular components as cause of depression in the 
respiratory activity of fishes exposed to acute metallic 
stress has been suggested [21-22].  Inhibition of the 
respiratory enzymes in fishes exposed to heavy metals 
was also reported [23]. ANOVA employed to investigate 
the effect of time and variation among the individual 
fishes exposed to chromium showed that the metabolic 
differences between the individual fishes, at any given 
exposure period are not significant whereas the effect of 
time on the metabolic rate is significant. 

 

Table 2: Effect of 96h LC50   concentration of potassium 
dichromate (111.45 mg/l; Cr as 39.40 mg/l) on the 
metabolic rate (mgO2/g/h) of Labeo rohita at the end of 
24, 48, 72 and 96h 
 

Period of 
Exposure 

Control 
X ± SD 

Experiment 
X ± SD 

Percent 
Change Result 

24h 0.587 ± 0.07 -16.50 P<0.05

48h 0.508 ± 0.07 -27.74 P <0.01

72h 0.453 ± 0.05 -35.56 P <0.01

96h 

0.703 
±

0.08 

0.309 ± 0.05 -56.05 P <0.01

A perusal of the available information reveals that 
heavy metal induced alterations in the respiratory 
function of fishes differ not only from metal to metal but 
also the sites of action.  The decrease in the oxygen 
consumption of Labeo rohita exposed to chromium 
indicates the onset of acute hypoxia under metallic 
stress.  Further, the fact that the drop in metabolic rate of 
the fish as a protective measure to ensure that there is a 
low intake of toxic substance also cannot be ruled out.   
Reduced oxygen consumption at higher concentrations 
of heavy metals could also arise as a result of respiratory 
inhibiting factors that come into play.  In the present 
study, copious mucous secretion and bulging of gills was 
observed.  The drop in the metabolic rate of Labeo rohita 
exposed to chromium can also be attributed to clogging 
of gills by mucous.  Gills are vital respiratory and 
osmoregulatory organs and cellular damage induced by 
the metal might impair the respiratory function of the 
fish by reducing the respiratory surface area.  
Architectural changes in the gill morphology like 
formation of club shaped gill lamellae; fusion and 
necrosis of the gill lamellae and atrophy of central axis 
of the gill filament were observed in Labeo rohita under 
the toxic impact of chromium [24]. These findings 
clearly suggest decreased respiratory surface area, which 
can also account for the drop in the metabolic rate of the 
fish. 

 
Hematological Studies 

 
The hemoglobin percent, total erythrocyte count and 

mean cell hemoglobin in Labeo rohita exposed to 96h LC50 
concentration of chromium for 24h and 96h are given in 
(Table 3).  The decrease in hemoglobin per cent and TEC 
from control are significant at the end of both 24 and 96h 
exposure periods.  Further this decrease in the hemoglobin 
percent and TEC is relatively highly significant at the end of 
96h when compared to the 24h.  Hematological indices are 
very important parameters for the evaluation of fish 
physiological status under metallic stress.  

 

Parameter Studied Period 
(h) 

Control 
X ± SD 

Experiment 
X ± SD 

Percent 
Change Result 

Hemoglobin (g %) 8.1±0.67 6.80±0.76 - 16.05 P<0.05* 

Total erythrocyte 
count (106/mm3) 1.3±0.03 1.05±0.05 - 17.43 P<0.05* 

Mean cell 
hemoglobin (Pg) 

24 

63.6±0.5 64.6±0.72 + 1.67 P>0.05# 

Hemoglobin (g %) 8.1±0.67 4.40±0.55 - 45.68 P<0.001** 

Total erythrocyte 
count (106/mm3) 1.3±0.03 0.76±0.19 - 40.66 P<0.001** 

Mean cell 
hemoglobin (Pg) 

96 

63.6±0.5 58.2±0.45 -8.46 P<0.05* 

Table 3: Effect of 96h LC50 concentration of hexavalent chromium (39.40 mg/l) on 
hemoglobin per cent, total erythrocyte count and mean cell hemoglobin of control and exposed 
Labeo rohita for 24h and 96h (n = 15)

** Highly significant;   * Significant; # Not significant 
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The changes in blood indices and their peculiarities 
depend on the concentrations of heavy metals and 
duration of exposure of fish to them.  Hematological 
indices are of different sensitivity to various 
environmental factors and chemicals.  The count of 
erythrocytes is quite a stable index and the fish body 
tries to maintain this count within the limits of 
physiological standards, using various physiological 
mechanisms of compensation, especially under stress.  
The hemoglobin concentrations reflect the supply of an 
organism with oxygen and the organism itself tries to 
maintain them as much stable as possible. Short-term 
exposures to low concentrations of heavy metals mostly 
induce an increase in these hematological indices. 
Increase in RBC number and hematocrit level was 
reported in Mystus vittatus exposed to sub-lethal and 
lethal concentrations of copper and zinc [25].  High 
concentrations of heavy metals or long-term exposure of 
fish to their sub-lethal concentrations usually decrease 
the above-mentioned indices.  Earlier works also 
reported a fall in RBC count, hemoglobin percent and 
packed cell volume and decrease in MCH, MCHC and 
MCV in freshwater fishes exposed to cadmium, zinc and 
nickel indicating anemia, erythropenia and leucopoiesis 
[26-28]. 

The TEC, hemoglobin per cent and mean cell 
hemoglobin (MCH) were appreciably declined in Labeo 
rohita exposed to chromium reflecting the anemic state 
of the fish which could be possibly due to iron 
deficiency and its consequent decreased utilization for 
hemoglobin synthesis.  This is in accordance with a 
similar study on Labeo rohita, which also reported hypo 
chromic microlytic anemia under lead chloride stress 
[29].  Anemia in fish is an early manifestation of acute 
and chronic intoxication of chromium.  Further, a 
significant decrease in TEC, hemoglobin per cent, MCH 
and hematocrit were also reported in Channa punctatus 
exposed to both copper and chromium and this decrease 
is more pronounced in fishes exposed to chromium 
suggesting that the metal induces acute anemia under 

toxic conditions [9].  In the present study, the anemia 
could be probably due to structural alterations of heme 
leading to disturbed hemoglobin synthesis and also the 
inhibitory effect of chromium on the enzyme system in 
the synthesis of hemoglobin cannot be ruled out as 
suggested in earlier studies [30].   
 
Biochemical Studies 

 
The glycogen, total lipid and total protein levels in 

liver, muscle and gill of control fish and of Labeo rohita 
exposed to the 96hr LC50 concentration of chromium for 
24 and 96 h were presented (Tables 4 and 5).  It is clear 
from the results that there is an appreciable decline in 
different biochemical constituents of the fish under 
chromium stress.  The decrease in the glycogen 
concentration of the tissues of Labeo rohita can be due to 
its enhanced utilization as an immediate source to meet 
energy demands under metallic stress. It could also be due 
to the prevalence of hypoxic or anoxic conditions, which 
normally enhances glycogen utilization [31]. Enhanced 
utilization of glycogen and its consequent depletion in 
tissues may be attributed to hypoxia since it increases 
carbohydrate consumption.  Under hypoxic conditions, the 
animal derives its energy from anaerobic breakdown of 
glucose, which is available to the cells by the increased 
glycogenolysis [32]. In the present study the metabolic 
rate of Labeo rohita was significantly dropped indicating 
hypoxia that probably have resulted in a shift to anaerobic 
glycolytic pathway by increased glycogenolysis.  Depleted 
glycogen levels following chromium stress reported in 
Cyprinus carpio communis [4] under hypoxic conditions 
also supports this view.  A consistent decrease in tissue 
glycogen reserves observed in this study also suggests 
impaired glycogenesis. Further, the decline in glycogen 
might be partly due to its utilization in the formation of 
glycoproteins and glycolipids, which are essential 
constituents of various cells and other membranes.  
Decrease in tissue lipid and proteins were also observed in 
Labeo rohita exposed to chromium.   

 

Bio-chemical 
Constituent Tissue Control 

X ± S.D 
Experiment 
X ± S.D Percent Change Result 

Liver 21.01±1.02 19.16±0.46 -8.80 P<0.05** 
Muscle 7.46±0.54 5.72±0.39 -23.32 P<0.05** Glycogen 

Gill 4.13±0.16 3.48±0.48 -15.74 P>0.05# 
Liver 67.15±7.85 52.71±2.11 -21.50 P<0.05** 

Muscle 135.78±5.01 123.78±2.65 -8.84 P<0.05** Total lipids 
Gill 59.25±6.50 50.23±3.64 -15.22 P<0.05* 

Liver 128.55±12.90 120.71±5.81 -6.10 P>0.05# 
Muscle 274.70±7.65 272.50± 7.43 -0.81 P>0.05# 

 
Total protein 

Gill 203.29±3.91 195.55±2.10 -3.91 P>0.05# 

Table 4: Effect of 96h LC50 concentration of hexavalent chromium (39.40 mg/l) on total 
glycogen, total lipid and total protein concentration of liver, muscle and gill of Labeo rohita 
(mg per gram dry weight) at the end of 24h exposure (n=5) 

* Significant;  ** Highly significant;  # Not significant 
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The decrease in tissue lipid and proteins might be 
partly due to their utilization in cell repair and tissue 
organization with the formation of lipoproteins, which 
are important cellular constituents of cell membranes, 
and cell organelles present in cytoplasm [33].   Decrease 
in the lipid concentration observed in the present study 
can also be attributed to its utilization in cell repair and 
tissue organization.  The depletion in tissue proteins of 
Labeo rohita may be due to impaired or low rate of 
protein synthesis under metallic stress or due to their 
utilization in the formation of mucoproteins, which are 
eliminated in the form of mucous.  Further, direct and / 
or indirect utilization of proteins and lipids for energy 
needs was also reported [34].  Also, the utilization of 
proteins in cell repair and organization as causes of their 
depletion in the tissues cannot be ruled out.  The present 
study showed that chromium induced alterations at the 
biochemical level, more pronounced changes occurring 
at the end of 96h and thus it is time-dependent.  Also, the 
metal induced alterations in the protein content may 
probably affect the enzyme mediated bio defence 
mechanisms of the fish.  Future research should focus on 
the effect of chromium toxicity on bio defence 
mechanisms of Labeo rohita at cellular and sub cellular 
levels. 

 
Conclusions  

 
Acute exposure to hexavalent chromium proved to be 

highly toxic to Labeo rohita and induced cumulative 
deleterious effects at various vital functional sites like 
metabolic rate, hematological indices and biochemical 
profiles.  Though significant changes are observed both 
at the end of 24h and 96h exposure periods, these 
changes are more pronounced at the end of 96h 
suggestive of time-dependent toxicity.  The metal 
induced decrease in the total protein content could 
possibly affect the enzyme mediated bio defence 

mechanisms of the fish, which pose a serious threat to 
human beings by secondary poisoning through food 
chain.  Further studies under sub-acute exposure are 
required to elucidate the subtle changes that occur in the 
above parameters under the impact of chromium.   
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