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INTRODUCTION   
Leather Industrial wastes constitute the major 

source of metal contamination of the aquatic 

environment. Tanners use large number of 

chemicals during the process, discharging toxic 

wastes into rivers and thereby degrading 

agricultural lands. The major constituent of 

tannery effluent is Chromium (Cr), a heavy 

metal which is highly toxic to aquatic fauna [1]. 

Original Research Article 

ABSTRACT 

Raw tannery effluent is toxic which may be lethal or sublethal concentration in aquatic environment. 

The present study deals with the effect of tannery effluent on oxygen consumption and metal 

accumulation in freshwater fish Danio rerio.  Oxygen consumption of an animal is the important 

physiological parameters to assess the toxic stress because it is a valuable indication of energy 

expenditure and metabolism. The present study showed that the rate of oxygen consumption 

decreased in 24-120 hours in sublethal concentration compared with control.  The levels of Cr 

accumulated tissues (gill,muscle,liver) were analysed through the Atomic absorption 

Septrophotometer. The results show the Cr concentration were HCG > HCM > MCG > MCM > LCG > 

LCM > HCL > MCL > LCL. The results were plotted and discussed in details. 
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Tannery effluents are ranked as the highest 

pollutants all among the industrial wastes. They 

are especially large contributors of chromium 

pollution. 

The tannery waste waters continue to cause 

negative effects on the aquatic organisms. 

Fishes are the simple and reliable biomarkers of 

pollution of aquatic bodies. When fish are 

exposed to elevated levels of metal in a 

polluted aquatic ecosystem, they tend to take 

these metals up from their direct environment 

[2].  The respiratory potential or oxygen 

consumption of an animal is the important 

physiological parameters to assess the toxic 

stress, because it is a valuable indicator of 

energy expenditure in particular and 

metabolism in general [3]. 

Oxygen consumption has been used as an 

indirect indicator of metabolism of fish [4] and 

the energetic cost of ionic and osmotic 

regulations seems to play a significant role in 

growth rates [5]. Therefore, it is important to 

know the oxygen consumption of Danio rerio 

exposed to 5%, 10%, 15%, 20% and 25% 

tannery effluent concentration. The present 

study is aimed to determine the acute toxicity 

of tannery effluent with reference to its effects 

on behaviour and the oxygen consumption to 

the freshwater fish Danio rerio. 

Accumulation of metals in the fish tissues were 

reported by many authors [6-8]. The present 

investigation was analyzed the Cr metal 

concentration level in the muscle, gill and liver 

tissues of freshwater fish Danio rerio. Atomic 

Absorption Spectrometry (AAS) is one of the 

most favored techniques for determination of 

toxic element in biological samples as well as 

living tissues. The aim of the present work is to 

determine the toxic element in Danio rerio 

using AAS method and to evaluate the level of 

toxicity. 

 

 

 

MATERIALS AND METHODS  

The test fish Danio rerio of length 4.7 ± 1.0 cm 

and 3.9 ± 1gm of body weight were collected 

from local aquafarm and acclimated to the 

laboratory conditions for 60 days. 200 

individuals were used for the experiment. They 

were stored in large rectangular FRP tanks and 

water was aerated continuously to maintain 

optimum level of dissolved oxygen. The fish 

were fed with artificial fish pellet on every day 

and the water was renewed every day by 

routine cleaning of aquaria to remove 

unconsumed food, faecal matter or dead fish.  

The fish were acclimatized to the laboratory 

conditions at 28  2oC.  After acclimation, 

feeding was stopped two days before the 

commencement of the experiment in order to 

avoid faecal contamination. FRP tanks (20L 

capacity) filled with various concentration of 

raw tannery effluent mixed with dechlorinated 

tap water was used for the experiment.  The 

tannery effluent for the present study was 

collected from a tannery at Ambur, Vellore 

District, Tamil Nadu. Only the raw effluent was 

used for the study. 

Fishes were divided into six groups of 10 fishes 

each. They were classified in to control, 5%, 

10%, 15%, 20% and 25% sub-lethal 

concentration of tannery effluent. The control 

was maintained in normal tap water without 

the metal toxicant. The test was conducted for 

120hrs and observations were made 

continuously during the period of 

experimentation. Each experiment was set up 

in triplicate and only the arithmetic mean of the 

three experiments at each concentration was 

taken to express the results. The dissolved 

oxygen content in the initial and final water 

samples were estimated by Wrinkler’s modified 

method [9]. The difference in the dissolved 

oxygen content between initial and final water 

samples represents the amount of oxygen 

consumed by the fish.   
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AAS is a spectroanalytical procedure for the 

quantitative determination of chemical 

elements using the absorption of optical 

radiation (light) by free atoms in the gaseous 

state. In analytical chemistry the technique is 

used for determining the concentration of a 

particular element (the analyte) in a sample to 

be analyzed. The modern form of AAS was 

largely developed during the 1950s by a team 

of Australian chemists. They were led by Sir 

Alan Walsh at the Commonwealth Scientific and 

Industrial Research Organisation (CSIRO), 

Division of Chemical Physics, in 

Melbourne, Australia. 

10ml of fish tissue sample (gill, muscle, liver) 

from different concentrations of raw tannery 

effluent were centrifuged at 2500rpm on 

15min. The clear supernatant was used for AAS 

analysis. The values obtained by AAS analysis 

represent the residual concentration of tannery 

effluent in the solution (chromium). 

 

RESULTS 

In the present study oxygen consumption levels 

were studied between control fish and raw 

tannery effluent treated fishes. When 

compared with control values after 24, 48, 72, 

96 and 120 hrs of exposure in 5% of raw 

tannery effluent treatment the total oxygen 

consumption (5.950.04, 5.820.03, 5.690.03, 

5.480.02, 5.310.03mg/l) decreased 

significantly (Table-1 and Figure-1) and the 

percent change was found as 1.16%, 

4.43%,7.63%,11.76%and 15.18% respectively.  

Similarly for the exposure in 15% (5.64  0.03, 

5.43  0.02, 4.99  0.03, 4.71  0.01, 4.52  

0.02 mg/l) and 25% (4.73  0.02, 4.31  0.02, 

4.02  0.03, 3.83  0.02, 3.54  0.04 mg/l) of 

tannery  effluent treatment  the total oxygen 

consumption decreased significantly and 

percentage change was found as 6.31%, 

10.83%, 18.99%, 24.15% and 27.80% (15%) and 

21.43%, 29.23%, 34.74%, 38.33% and 43.45% 

(25%) respectively. 

The results showed decreased rate of oxygen 

consumption in the fish Danio rerio that may be 

due to direct effect of raw tannery effluent. The 

control showed maximum. The behaviour and 

condition of the fishes in both the control and 

test solution was noted every 24 hours up to 

120 hrs. The fishes showed marked changes in 

their behaviour when exposed to different 

concentrations of the test solution. The 

experimental fish Danio rerio to various lethal 

concentrations showed altered behavioural 

responses such as restlessness, hyperactivity 

and sometime jerky swimming, frequent 

surfacing and discoloration of skin.  

 

Analysis of metal accumulation by AAS   

The concentrations of chromium (Cr) in 

different tissues are presented in Table-2. It 

was found that the concentration of Cr metal 

was ranged from 0.797 ppm to 1.547 ppm, 

which means, the concentrations of Cr in all 

examined tissues were more than the reported 

level (Fig. 2). In this study, ten fish tissue 

samples were analysed and tabulated. The 

concentration found in various tissue samples 

were in the following order. 

High Concentration Gill (HCG) > High 

Concentration Muscle (HCM) > Medium 

Concentration Gill (MCG) > Medium 

Concentration Muscle (MCM) > Low 

Concentration Gill  (LCG) > Low Concentration 

Muscle (LCM) > High Concentration Liver (HCL) 

> Medium Concentration Liver (MCL) > Low 

Concentration Liver (LCL). 
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 Table 1: Effect of sub-lethal concentration of raw tannery effluent on total oxygen     
consumption(mg/l/hr) in Danio rerio and control 

 

                                                                                                                          

Percent change over control fish in parenthesis. P ≤ 0.05 (t-test), * non-significant    
 

 
      Table 2: The concentration of Cr in different tissues of fish Danio rerio 
 

Sample 
No. 

Tissue samples Concentration  in  ppm. 

1/10   
(Low) 

1/7 
(Medium) 

1/4 
(High) 

1 Control 0.000 

2 Gill 1.069 ± 0.03 1.275 ± 0.05 1.547 ± 0.06 

3 Muscle 0.974 ± 0.02 1.109 ± 0.03 1.487 ± 0.02 

4 Liver 0.797 ± 0.02 0.843 ± 0.02 0.918 ± 0.03 

 

  

Sl. 
No 

Exposure  
Period 
(hrs) 

Control 
fish 

Different concentration (in percentage %) 

5 10 15 20 25 

1 24 6.02  
0.02 

5.95  
0.04 

(1.16)* 

5.82  
0.02 

(3.32)* 

5.64  
0.03 

(6.31)* 

4.96  
0.02 

(17.61) 

4.73  
0.02 

(21.43) 
2 48 6.09  

0.14 
5.82  
0.03 

(4.43)* 

5.71  
0.03 

(6.24)* 

5.43  
0.02 

(10.83) 

4.48  
0.02 

(26.44) 

4.31  
0.02 

(29.23) 
3 72 6.16  

0.06 
5.69  
0.03 

(7.63)* 

5.54  
0.04 

(10.06) 

4.99  
0.03 

(18.99) 

4.21  
0.02 

(31.66) 

4.02  
0.03 

(34.74) 
4 96 6.21  

0.01 
5.48  
0.02 

(11.76) 

5.21  
0.04 

(16.10) 

4.71  
0.01 

(24.15) 

3.97  
0.03 

(36.07) 

3.83  
0.02 

(38.33) 
5 120 6.26  

0.12 
5.31  
0.03 

(15.18) 

5.03  
0.02 

(19.65) 

4.52  
0.02 

(27.80) 

3.83  
0.02 

(38.82) 

3.54  
0.04 

(43.45) 
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Fig. 1: Effect of sub-lethal concentration of raw tannery effluent ontotal oxygen consumption  in 

Danio rerio and control. 

 

Fig.  2: Comparison of Cr concentration level in different tissues of fish Danio rerio 

 

DISCUSSION  

Tannery waste is one of the most complex and 

putrescible organic industrial waste causing 

heavy water pollution. Through the excessive 

organic load present in tannery waste the 

oxygen content of the water is depleted, which 

leads to the death of fish and other aquatic 

animals [10]. Oxygen consumption decreased 

with increasing tannery effluent concentration. 

In the present study lowest oxygen 

consumption was recorded in the 25% tannery 

effluent concentration. 

Oxygen consumption in the fish Cyprinus carpio 

decreased with increasing effluent 

concentrations as well as duration of exposure 

period. Effluent concentrations and exposure 

durations (days) had a significant effect on 

oxygen consumption of tested fish [11]. 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 [12-13].  

Respiratory activity of a fish is often the first 

physiological response to be affected by the 
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presence of contaminants in the aquatic 

environment. Although many biological early 

warning systems monitor abnormal opercular 

movement as an indicator of respiratory stress, 

a more direct measurement of stress in this 

sense necessitates the quantification of oxygen 

consumed by the fish. The oxygen consumption 

is not often used as a bioindicator of pollution 

associated stress in biological early warning 

systems. Respiratory responses were found to 

be less sensitive, but also could be successfully 

used in bioassay testing of treated industrial 

and municipal effluents before they are 

discharged into receiving waters. Gill ventilation 

frequency and coughing rate are intimately 

associated with respiratory demands and gill 

irritation or blockage [14]. 

Bioaccumulation of chromium in the test 

organism increased linearly with increase in 

concentration (Fig. 2). Heavy metals may affect 

organisms by accumulating in their bodies or by 

transferring to the next trophic level of the food 

chain. The toxicity of heavy metals accumulated 

in the living organisms may become highly toxic 

when the accumulated rate increases the safer 

level [15]. Heavy metals are non-biodegradable 

and once discharged into water bodies, they 

can be absorbed on sediments particles or 

accumulated in aquatic organisms [16]. 

Especially fish, which in turn may enter into the 

human metabolism through consumption 

causing serious health hazards [17]. 

 

CONCLUSION 

From the present study, it is evident that 

tannery effluent was highly toxic and had a 

profound impact on the oxygen consumption 

and bioaccumulation of Danio rerio exposed to 

lethal and sublethal concentrations. 
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