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ABSTRACT: 
      In nature aquatic oxygen available in dissolved form is mostly affected by anthropogenic activity resulting in 
high BOD in present days.  Intake of oxygen through respiration helps to carry out various metabolic activities. The 
oxygen consumption or the respiratory potential of an animal is one of the important physiological parameters to 
assess the toxic stress, because it is a valuable indicator of energy expenditure in particular and metabolism in general.  
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INTRODUCTION: 
        Assessing water quality through monitoring the oxygen consumption of the living organism is one of the sensitive 

bio assay techniques as the animals response to even very low concentrations of the toxicant present in the medium 

can be easily detected by some invertebrates and planktonic organisms, since oxygen consumption is a measure of 

metabolism and a change in the metabolic rate indicates its physiological imbalance.  The amount of oxygen consumed 

is one of the indicators of the general wellbeing of the fish.  According to Wynne and Wurts (2011) naturally less than 

3 mg/l of oxygen is insufficient to support aquatic life (e.g. fish).  Oxygen depletions are typically associated 

with: 1.    Hot, cloudy, still weather 2. Sudden death of phytoplankton or "bloom crash. 3. Summer 

stratisfication/Winter stratisfication, and their overturns bring major changes in oxygen concentration above and below 

the water.  4.    When fish biomass becomes large in commercial ponds (late summer), waste and organic loads 

(ammonia, nitrite, feces and uneaten feed) can become high. The oxygen consumption or the respiratory potential of 

an animal is one of the important physiological parameters to assess the toxic stress, because it is a valuable indicator 

of energy expenditure in particular and metabolism in general as observed by Prosser and Brown (1977).  

Measurement of oxygen consumption has been used to determine the effects of toxicant on over all metabolisms of 

exposed animals (Waiwood and Johnson, 1974).  The metabolic responses fluctuate on exposure to sub-lethal 

concentrations of metals. In most of the circumstances, oxygen consumption and energy utilization are directly 

proportional to each other.   Growth and RNA/DNA ratio were significantly reduced when fish were exposed to severe 

hypoxia.  However, Pangasius is a facultative air-breathing fish, thus it can tolerate low dissolved oxygen level also.  

All toxicants especially heavy metals alter the oxygen consumption rate at the particular concentration (Brown and 

Newell, 1972; Thurberg et al. 1973, 1974; Delhaye and Corner, 1975; Uma Devi and Prabhakar Rao, 1989; Spicer 

and Weber, 1991).  Measurement of oxygen consumption has been used to determine the effects of toxicant on over 

all metabolisms of exposed animals Waiwood and Johnson, (1974). According to Zhou et al. (2001), when Cyprinus 

carpio was exposed to hypoxia for 1 week, a significant reduction in feeding rate, respiration, growth, fecal matter 

production and nitrogenous excretion was observed compared to those maintained at normaxia.  The experience in 

Indonesia, Viet Nam as well as Philippines emphasize the importance of having adequate supply of high quality water, 

for the well being of the fish, quality of their flesh and avoidance of stress that leads to disease outbreaks. 

MATERIALS AND METHODS:   

      Fish were collected from Eluru fish market and transported to the experimental facility in aerated plastic cans.  
Fish were acclimatized in laboratory conditions (29 ± 2o C) for 2 days in 50 L capacity tank which was aerated 
continuously and fed with wheat and rice bran at the ratio of 2:1 twice a day based on 10% of body weight during the 
experimental conditions.  After a period of 48 hrs, the fish were randomly distributed in 2 small tubs, one for control 
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and another for exposed.  The water has been renewed once every 24 hrs.  The water used for acclimatization and 
experimentation was the same as used in the toxicity experiments.  Excess of feed and fecal matter was removed every 
day by siphoning.  But the feeding was stopped at least six hours before experimentation of fry. Clear and fresh water 
was taken for all the experiments. 

          Oxygen consumption (routine rate) was measured by using a respiratory chamber. The test fish fry in good 
condition were taken and introduced into the respiratory chamber filled with water.  The respiratory chamber was 
closed without air bubbles and sealed with paraffin wax.  The respiratory chamber measuring 360 ml, equipped with 
an oxygen electrode (Elico Ltd., Hyderabad, INDIA) was used following the method of Villareal et al. (1994).  The 
temperature of the water was kept constant at 29 ± 2o C.  Care was taken while handling the fry to avoid any sort of 
damage.   
           To avoid diurnal rhythm, all the experiments were conducted during the day time.  The fish fry were not fed 6 
hrs before and during the measurement of oxygen consumption.  The amount of dissolved oxygen present in the fresh 
water was measured initially before placing the fish fry for experimentation.  The experiments were conducted by 
placing 5 fish fry in the respiratory chamber containing filtered fresh water and tightly closing the lid of the chamber.  
The oxygen consumption was measured for a period of 1hr for a period of three hours for both control and exposed.  
Only active and almost same sized fish fry (2.8 cm - 3.0 cm) were used for the experiment.  Care was taken that the 
dissolved oxygen levels were maintained above the critical level in the respiratory chamber during experimentation. 
          The present experiment was carried out subjecting the fish fry to a sub lethal concentration (0.0915 ppm; 1/5th 

of 96 hrs LC50) of copper prepared by adding appropriate amounts of the stock solution to the filtered fresh water to 
get the final desired concentration. The oxygen measurements were made at intervals of 24 hrs, 48 hrs, 96 hrs, 10 
days, 20 days and 30 days.  Parallel controls were also maintained separately without the metal, and oxygen 
consumption was measured at the same intervals.  The wet weight of the fingerling was used for calculation of 
metabolic rate.  Routine oxygen consumption was expressed as µO2/hr.  The wet weight of fish fry was determined to 
calculate the routine metabolic rate.  The experiments were repeated five times and average values of oxygen 
consumption were considered for statistical analysis.  
 
STATISTICS:   
           Based on the results obtained, the mean values and standard deviation were calculated at each interval both 
for control and exposed fish fry at sub lethal concentrations by using standard statistical procedures. The oxygen 
consumption of the control was compared with that of exposed by one way - ANOVA.  The percent increase over 
their respective controls was also calculated.   
 
RESULTS: 
        The oxygen consumption of Pangasianodon hypophthalmus fish fry exposed to sub lethal concentration of 
copper is presented in Table 1 and Figure 1.  There was a gradual increase in oxygen consumption of control animals 
with increasing time.  At 24 hrs there was minor difference between control and exposed.  However, this decrease was 
significant (P<0.05) from 48 hrs onwards.  The percent decrease in oxygen consumption on exposure to sub lethal 
concentration over their respective controls was 6.55, 15.189, 14.075, 18.483, 24.56, 36.572,  at 24 hrs, 48 hrs, 96 hrs, 
10 days, 20 days and 30 days respectively.    

TABLE: I 

 OXYGEN CONSUMPTION OF PANGASIANODON HYPOPHTHALMUS FRY EXPOSED TO 0.0915 PPM OF COPPER.  EACH 

VALUE REPRESENTS THE MEAN ± STANDARD DEVIATION.  THE VALUES IN THE PARENTHESES REPRESENT 

PERCENT DECREASE OVER THEIR RESPECTIVE CONTROLS. *SIGNIFICANTLY DIFFERENT FROM THEIR RESPECTIVE 

CONTROLS AT P < 0.05. 

 

 
 

Groups 

Exposure period 

24 hrs 48 hrs 96 hrs 10 days 20 days 30 days 
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Control 

mg O2/gram/hr 

2.700 

 

± 0.1323 

3.147 

 

± 0.0804 

3.396 

 

± 0.2868 

3.522 

 

± 0.2120 

3.648 

 

± 0.2335 

3.921 

 

± 0.363 

 

Exposed 

mg O2/gram/hr 

2.523 

± 0.0444* 

(6.55) 

2.669 

± 0.0609* 

(15.18) 

2.918 

± 0.1473* 

(14.07) 

2.871 

± 0.1507* 

(18.48) 

2.752 

± 0.2768* 

(24.56) 

2.487 

± 0.2656* 

(36.57) 

 

ONE WAY ANOVA 

Source of Variation 
Degrees of 
freedom 

Sum of 
squares 

Mean 
Square 

F Value 

Treatments (between columns) 11 22.22 2.020 
44.98 

Residuals (with in Columns) 96 4.310 0.04489 

Total 107 26.53  

 
          The results clearly depict inhibition in the routine oxygen consumption in fish fry on exposure to sub lethal 
levels of copper.  Several investigators reported similar inhibition in the respiratory rate of different aquatic organisms 
including fishes and crustaceans on exposure to toxicants.  De Boeck et al. (2007) noticed that copper causes both 
respiratory and ion regulatory distress in spiny dog fish Squlus acanthius.   Shwetha et al. (2009) studied the acute 
effects of zinc on the behaviour and oxygen consumption of the Indian major carp cirrhinus mrigala and reported that 
normal respiratory activity of the fish was significantly affected and there was a depression in the metabolic rates at 
the end of exposure periods (24, 48, 72 and 96 hrs).  Prashanth et al. (2010) investigated the impact of copper cyanide 
on behavioural changes and oxygen consumption in Catla catla and found that with increased concentration and time; 
the mortality rates have been increased accompanied by decreased oxygen consumption.  Tilak and Satyavardhan 
(2002) observed the decrease in oxygen consumption at sub lethal concentrations of copper in Channa punctatus 
indicating lowered energy requirements which in turn indicate pronounced biochemical changes.  Skidmore (1970) 
using cannulation technique found that zinc reduced the efficiency of oxygen transport across the gill membrane, so 
that fishes die of hypoxia.  Deepak et al. (2009) while studying cadmium toxicity to freshwater catfish, Heteropneustes 
fossilis, observed respiratory distress associated with opercular beats.  Metelev et al. (1983) reported that fish exhibits 
intense excitation and difficulty to respire in toxic solutions of copper.  Lauren and Mc Donald (1985) noticed that 
high concentrations of water borne copper affect branchial function, and the main toxic action being impairment of 
sodium homeostasis.  Hassan (2011) while studying the effects of sub lethal concentrations of copper and cadmium 
(0.1, 0.25, 0.4ppm) on the survival rate, oxygen consumption and histopathological changes in the gills of juvenile 
Cyprinus carpio (L.), showed a decreased oxygen consumption rate with increasing concentration and there was a 
negative correlation between oxygen consumption and metal concentration. According to him, copper was found to 
be more toxic compared to cadmium. A time-dependent and concentration-dependent decrease in oxygen consumption 
was reported by Appa Rao et al. (2009) in Cirrhinus mrigala on exposure to sub lethal concentration of Dimethoate. 
A significant correlation between the toxicant uptake and fish oxygen consumption was reported by Yang et al. (2000).  
Vutukuru et al. (2005) investigated the acute effects of hexavalent chromium on survival, oxygen consumption in 
Labeo rohita and found deleterious effects at various vital functional sites like metabolic rate, haematological indices 
and biochemical profiles. Similar decrease in oxygen consumption was observed in Pangasius fish fry of the present 
experiment at all intervals from 24 hrs to 30 days of exposure.  It might be due to interaction of copper with 
mitochondria of the cells resulting depletion of oxygen consumption as reported by Webb (1979). Earlier investigation 
on sub lethal copper exposure revealed a time-dependent accumulation of metal substantiating the interaction of 
copper.   

GRAPH : 1 
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Total oxygen consumption is one of the indicators of the general well-being of the fish.   It is useful to assess 
the physiological and biochemical state of organism, to evaluate the susceptibility or resistance potentiality and to 
correlate the behavior of the animal, which ultimately serves as predictors of functional disruptions of animals in 
population.  Therefore, oxygen consumption analysis can be used as a biodetectory system to evaluate the basic 
damage inflicted on the animal which could either decrease or increase the oxygen uptake. 
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