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Abstract: The data in table 1 and 2 showed changes in the total respiration and unit oxygen consumption of the 

developmental stages of fresh water fish during short-term exposure and acclimation to sub lethal acidic (pH 

5.5) media. The oxygen consumption of fry significantly depleted in all the days of exposure to sub lethal acidic 

pH 5.5 starting from first day to fourteen days of exposure. The rate of total oxygen consumption depletion was 

higher in second day followed by fourth and sixth day with a gradual decreased trend was observed in the 

depletion up to fourteenth day of exposure. Similarly it is also observed significant decrease of total oxygen 

consumption and also rate of oxygen consumption of fingerling on exposure to sub lethal acidic pH in all the 

days of exposure, i.e., first day to fourteenth day when compared to control. The unit oxygen consumption of fry 

and fingerling on exposure to sub lethal pH media exhibited significant depletion when compared to control. 

The rate of depletion was more in the initial days of exposure and it was reduced gradually in 12th and 14thdays 

of exposure. Further, the animal excretion was highly depleted in acclimated fry to sub lethal acidic media when 
compared to control. Similarly, excretory pattern of the fingerling also showed significant reduction on 

acclimation to sub lethal acidic medium over control. The tissue ammonia levels were also significantly 

depleted in both fry and fingerlings on acclimation to sub  lethal acidic medium when compared to control 

(table 3). But the rate of depletion was more in fingerlings than to fry stage. It is concluded that the acclimation 

processes to sub lethal acidic medium induced compensatory changes in nitrogenous end products metabolism 

of fry and fingerlings while providing positive survival capacity under acidic stress conditions.  
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I. Introduction 
The cultivation of fish has improved significantly in India during past few decades and fishes are 

exposed to a wide variety of environmental stress factors during culture. Environmental stress is of prime 

importance during the course of exposure of an animal to different acidic media. Acidic medium is known to be 
the highly influencing to the most organisms and therefore low pH of aquatic medium is an important aspect of 

environmental pollution.  

The oxygen consumption in fish has been considered as an index for denoting the intensity of 

metabolism as metabolic activity of an organism is increased by its oxygen utilization[1]. Respiration is an 

essential physiological activity of all the living organisms by which they obtain energy for carrying out all 

metabolic activities of the body[2]. The rate of oxygen consumption, which is the basic physiological parameter, 

serves as an indicator of physiological stress[2] and changes in the oxygen consumption could be used to 

evaluate any change that would occur in the metabolism due to alterations in the environment. Such stresses like 

acidic medium have been studied by[3,4] , heavymetals by Venkata Reddy et al., [5], pulp mill effluents by 

Reeta Kumari et al., [6], hydrocarbons by Percy [7] and natural stresses like temperature and salinity by Rakesh, 

et al., [8]. The above studies unequivocally suggest that the sensitive indicator of stress like O2 consumption in 

fishes exposed to pollutants is considerably increased and decreased; but studies involving the O2 consumption 
in different stages of the whole animal with reference to sub lethal effect of acidic media is very few in fishes 

which are of great commercial and economical value. Hence, an attempt is made in the present investigation to 

study the influence of acidic media on certain aspects of O2consumption in major carp, Cyprinus carpio 

following exposure to the sub lethal concentration of acidic medium at different exposure periods. 

 

II. Materials and Methods: 
Cyprinu scarpio is selected as an experimental animal for the present investigation. It feeds on bottom 

insects and other small invertebrates.  It is a deep bodied individual with a few scales, rapidly grow and 

available abundantly in and around Tirupati.  Because of the food value and economic importance, adaptability 
to laboratory conditions, the Cyprinus carpio is suitable for the present study.  

 

2.1 Procurement and Maintenance of Experimental Material. 

The experimental material consists of two stages of the fish, Cyprinus carpio 
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 Fry stage ( after the fifth day of hatching), 

 Fingerling stage (30 days after hatching)  

They were collected as for the recommendation of the local Department of Fisheries, Government of 

Andhra Pradesh, India. The different stages were kept in large aquaria with continuously flowing dechlorinated 

water to acclimatize them to laboratory conditions (27±2°c, pH 7.0± 0.2 and light period of 12 h per day) for 

five days, before they were used for experimentation. 

 

2.2   Preparation of different pH media 

The acidic media with different pH ranging between 3.0 to 7.0 with a variability of 0.5 were prepared 

by adding 1N hydrochloric acid (Hcl) to water.  1N Hcl was prepared separately with distilled water (pH 7.0), 

soft water, chlorides (110mg/lit±10 ), carbonates (16 mg/lit ±2 ), bicarbonates (400 mg/lit ±50), hardness(35 

mg/lit as CaCo3 ± 4). The 1N Hcl was added for the purpose of obtaining different acidic media mentioned 

above and their pH were verified with pH meter (Elico, india). The chloride ions are least toxic and hence 

hydrochloric acid was used widely for the preparation of acid media.  A number of investigators have used 

hydrochloric acid to prepare acidic media[9]. 

 

2.3  Determination of Percentage Mortality of the Fish. 

The water media having different pH ranges between 3.0 to 7.0 with variability of ±0.5 pH were taken. 
For each pH medium in the above range 10 separate tanks were maintained with fingerling and fry stages each 

tank containing 25 individuals. The fish and its developmental stages were fed daily at 8 am with commercial 

fish pellets and the medium in the tanks was changed at 9 am. The pH of the media was maintained constantly 

by employing special dropping system during experimentation. The number of fish that died in each of the 

above media was recorded at regular intervals of time up to 96 hours. The percentage of mortality was 

calculated on the basis of individuals that died at each time interval. The media where the mortality of the fish 

was observed were taken as lethal media, and the others where was no mortality were taken as sub lethal media. 

 

2.4  Acclimation of Fish to Sub lethal Acidic medium. 

The sub lethal acidic medium (pH 5.5) was employed as an ambient medium for the acclimation of 

fish. The fish were fed daily at 8 am with commercial fish pellets and the medium in the tanks was changed at 9 

am. The fish were taken into the respiratory chamber containing the same pH medium at 2.00 pm on alternate 
days and the oxygen consumption was determined with in a period of 1hour.  After this the fish was transferred 

into their respective tanks.  

 

2.5  Estimation of oxygen consumption:  

The oxygen consumption of fish was determined by the static method described by Saroja [10]. The 

unit oxygen consumption was calculated by dividing the oxygen consumption by weight of the fish and 

represent as mg O2/g/h. 

 

2.6  Statistical treatment of data:  

All the values of‘t’ below 5% levels are considered as not significant and the   5 percent level are 

considered as significant. 
 

III. Results and Discussion: 
The pH of water plays an important role in regulation of growth and development of aquatic animals. 

An attempt was made in the present study to find out the impact of acidic medium on fry and fingerling of 

Cyprinus carpio (L).  The following parameters were carried out to observe the sub lethal effects of acidic 

medium in relation to unit oxygen consumption and excretory pattern in the media and tissues both in fry and 

fingerling. The present study was aimed to find out the relationship between environmental acidification on the 

growth and development of Cyprinus carpio(L). 

The measurement of oxygen consumption has become a marker to understand the overall changes that 
takes place in the whole body on exposure to any stress condition. Several investigators[11,12,13] reported that 

the level of whole oxygen consumption was an index for metabolic modulations that takes place in the body on 

exposure to acidic stress. The total oxygen consumption was significantly decreased on first day of exposure to 

sub lethal acidic pH 5.5 media and exhibited a non -significant change over control on fourteenth day of 

exposure. This observation indicates that the fry and fingerling were capable of regulating their metabolic 

modulations and physiological functions through acclimation process to compensate the acidic stress imposed 

by the external media. This might be possible reason for the successful survival of fry and fingerling in 

acidifying water. The decreased oxygen consumption was observed in both fry and fingerling on exposure to 

sub lethal acidic media after one day. Decrease in total oxygen consumption might be due to hypoxic condition 
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prevailed in external media. Another reason might be due to reduced gasses exchange through gill surface 

because of excessive formation of mucous. The other alternative could be the reduced oxygen carrying capacity 

of the blood due to altered blood pH on exposure to acidic media. Several investigators also reported earlier in 

supporting to the present study that decreased ability of fish to extract oxygen from low pH waters[14,15]  

The reduced oxygen consumption of fry and fingerling on exposure to sub lethal acidic media confirms 

that prevalence of hypoxic condition in the surrounding media. Since the unit oxygen consumption also 

exhibited similar depletion trend suggests the possibility of existence of hypoxic conditions. The unit oxygen 
consumption of fry and fingerling also exhibited non significant change in 14th day exposure.  This observation 

support and form a basic evidence for the perfect type of acclimation by fry and fingerling. Since the total 

oxygen consumption in animals which forms a marker for the general metabolism, the stabilization of total 

oxygen consumption in fourteen days exposed fry and fingerling reflects the maintenance of normal oxygen 

consumption on par with the control fish.  Hence, two weeks period of exposure of fry and fingerling to acidic 

media made successful in survival through acclimation process, failure of such a regulatory mechanism, might 

be responsible for the mortality of fry and fingerling at lethal pH media.  In view of acclimation of fry and 

fingerling to acidic media provided better survival value changes at whole animal levels revel the better survival 

value. Hence, the studies have been extended to understand the other possible compensatory mechanisms, such 

as nitrogenous end products and excretory process, meanwhile to study and provide more information. So, the 

studies have been extended to observe the alterations in nitrogenous end products in both media and tissue 
levels. 

The excretion of ammonia recorded significant decrease in both fry and fingerlings on exposure to sub 

lethal acidic medium. The decreased ammonia excretion might be due to inhibited ammonia production in the 

body. The decreased ammonia excretion suggests the possibility of reduced ammonia formation through the 

inhibited amino acid oxidative reactions in both fry and fingerlings of Cyprinus carpio (L) on exposure to sub 

lethal acidic media. Elevated amino acid levels were reported in fish on accumulation to acidic media.[15,16,4] . 

This supports that the reduced amino acid oxidation could be the possible reason for the inhibited ammonia 

levels in the present study. Other alternative for the decreased ammonia excretion could be utilization of 

ammonia towards maintenance of blood pH to counteract the acidic stress. Since the blood pH of tissue was  

decreased in fish on exposure to acidic media[17,18] the possibility of involvement of ammonia in buffering 

reactions leading to maintenance of blood pH could be  the probable reason for the reduced ammonia excretion 

in fry and fingerlings on exposure to sub lethal acidic media. 
The tissue ammonia levels also showed significant reduction in both fry and fingerlings on exposure to 

sub lethal acidic medium. The decreased ammonia levels might be due to inhibited ammonia production in 

tissue or its mobilization into other metabolic activity. The diversion of ammonia into the formation of other 

compounds such as urea and glutamine could be the possible reason for decreased ammonia levels in tissues in 

the present study. The conversion of animals from ammonotelic to ureotelic was reported earlier under various 

stress conditions[19-21]. Since glutamine participates in the neutralization activities during different stress 

conditions[3,22,5] the ammonia might be mobilization for the synthesis of glutamine. So, the mobilization of 

tissue ammonia towards the formation of glutamine can be expected which might be another possible reason for 

reduced ammonia level in tissue of both fry and fingerlings on exposure to sub lethal acidic media. 

 

IV. Conclusion: 
Finally it is concluded that the acclimation processes to sub lethal acidic medium induced 

compensatory changes in nitrogenous end products metabolism of fry and fingerlings while providing positive 

survival capacity under acidic stress conditions. So, the acidic media not only impact on the increased duration 

of experimentation but also developmental stages of fish.  
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Table -1 Changes in total oxygen consumption (mg O2/h/fry or fingerling) of fry and fingerling during different 
days  of exposure to sub lethal acidic media in comparison to control. 

S.No 

 

 

Time in (days ) Fry Fingerling 

Control  

(pH 7.0) 

Sublethal 

(pH 5.5) 

Control  

(pH 7.0) 

Sublethal 

(pH 5.5) 

1 1 0.0874 

±0.005 

 

0.066 

±0.0014 

-24.49 

P<0.001 

0.202 

±0.0021 

0.128 

±0.002 

-36.51 

P<0.001 

2 2 0.0814 

±0.004 

 

0.059 

±0.0002 

-31.94 

P<0.001 

0.201 

±0.0024 

0.121 

±0.002 

-39.59 

P<0.001 

3 4 0.0876 

±0.007 

 

0.064 

±0.007 

-26.02 

P<0.001 

0.203 

±0.0032 

0.132 

±0.001 

-34.70 

P<0.001 

4 6 0.0870 

±0.006 

 

0.066 

±0.005 

-23.95 

P<0.001 

0.201 

±0.0021 

0.137 

±0.0015 

-31.85 

P<0.001 

5 8 0.0872 

±0.007 

 

0.0663 

±0.002 

-23.95 

P<0.001 

0.205 

±0.0010 

0.160 

±0.0010 

-21.82 

P<0.001 

6 10 0.0873 

±0.007 

 

0.070 

±0.005 

-18.90 

P<0.001 

0.206 

±0.0030 

0.164 

±0.012 

-20.31 

P<0.001 

7 12 0.0878 

±0.005 

 

0.077 

±0.0009 

-11.62 

P<0.001 

0.201 

±0.0021 

0.169 

±0.0060 

-16.12 

P<0.001 

8 14 0.0867 

±0.004 

 

0.083 

±0.002 

-3.22 

NS 

0.203 

±0.0030 

0.196 

±0.0062 

-2.24 

NS 

Mean  ± SD, + and – indicates percent increase and decrease , ‘p’ denotes statistical significance and NS.  

Non-significant. 
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Table-2 Changes in unit oxygen consumption (mg O2/h/gm wet wt) of fry and fingerling during different days 

of exposure to sub lethal acidic media in comparison to control. 
S.No 

 

 

Time in (days ) Fry Fingerling 

Control  

(pH 7.0) 

Sublethal 

(pH 5.5) 

Control  

(pH 7.0) 

Sublethal 

(pH 5.5) 

1 1 2.058 

±0.010 

1.544 

±0.024 

-24.97 

P<0.001 

0.538 

±0.0067 

0.343 

±0.0018 

-36.24 

P<0.001 

2 2 2.044 

±0.024 

1.411 

±0.081 

-30.96 

P<0.001 

0.544 

±0.0074 

0.324 

±0.0043 

-40.62 

P<0.001 

3 4 2.034 

±0.030 

1.54 

±0.050 

-24.55 

P<0.001 

0.542 

±0.0039 

0.336 

±0.0024 

-38.19 

P<0.001 

4 6 2.074 

±0.050 

1.551 

±0.080 

-25.26 

P<0.001 

0.536 

±0.0017 

0.362 

±0.021 

-32.46 

P<0.001 

5 8 2.041 

±0.044 

1.573 

±0.022 

-22.76 

P<0.001 

0.545 

±0.0027 

0.429 

±0.0094 

-21.26 

P<0.001 

6 10 2.042 

±0.011 

1.606 

±0.024 

-21.40 

P<0.001 

0.546 

±0.0055 

0.440 

±0.0046 

-19.31 

P<0.001 

7 12 2.053 

±0.021 

1.855 

±0.0110 

-9.64 

P<0.001 

0.544 

±0.0048 

0.452 

±0.024 

-16.85 

P<0.001 

8 14 2.064 

±0.020 

1.983 

±0.012 

-3.92 

NS 

0.542 

±0.0059 

0.523 

±0.017 

-3.55 

NS 

Mean  ± SD, + and – indicates percent increase and decrease , ‘p’ denotes statistical significance and NS.  

Non-significant.  

 

Table-3 Changes of ammonia in Aqua medium and tissues (μ mol/gm body /lit /h) excretion by fry and 

fingerling on acclimation to acidic medium in comparison to control. 

 

Mean  ± SD, + and – indicates percent increase and decrease , ‘p’ denotes statistical significance and NS.  

Non-significant. 

 

 

 

S.No 

Parameter Fry Fingerling 

 

 

Control  

(pH 7.0) 

Sub lethal 

(pH 5.5) 

Control  

(pH 7.0) 

Sub lethal 

(pH 5.5) 

1. 

 

 

Aqua 

Medium 

2.14 

±0.102 

1.36 

±0.123 

-35.02 

P<0.001 

2.23 

±0.042 

1.27 

±0.128 

-36.50 

P<0.001 

2. 

 

 

Tissue 

13.45 

±0.158 

6.36 

±0.099 

-52.71 

P<0.001  

25.31 

±0.176 

6.481 

±0.221 

-74.39 

P<0.001 


