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Abstract 

   
(Importance)Water pollution by heavy metals, especially chromium pollution from industrial source can affect 

aquatic life, all ecosystems and human health directly or indirectly through food chain. The present research 

work was conducted under laboratory conditions to determine 96-hr LC50 and lethal responses of a fish, Wallago 

attu, to water-borne chromium. (Brief Method) The fingerlings of fish were kept in glass aquaria having 35-L 

water capacity. The toxicity tests were conducted at constant total hardness (250mgL-1), water temperature (28 

ºC) and pH (8) with three replications for each test concentration, separately. Physico-chemical parameters of 

water viz. total hardness, temperature, pH, carbon dioxide, dissolved oxygen, total ammonia, sodium and 

potassium were monitored twice a day during each 96-hr trial. The 96 hour LC50 and lethal concentrations of 

chromium, with 95% confidence interval, were computed by using the Probit analysis method. 

Regression/correlation analyses were also performed to find-out relationships among different variables under 

study. (Results/key findings) This investigation revealed significant differences between 96-hr LC50 and lethal 

concentrations of chromium for Wallago attu. The mean 96-hr LC50 and lethal concentrations of chromium for 

this fish were computed as 59.17±1.45 and 90.65±1.09mgL-1, respectively. (Conclusions)The present 

investigation also revealed that metallic ion concentrations had significant impacts on the physico-chemical 

parameters of the test media as total ammonia and carbon dioxide contents showed significant increase with 

concomitant increase in chromium concentration while dissolved oxygen showed significant decrease. The 

dissolved oxygen revealed negatively significant relationship with total ammonia. Calcium exhibited statistically 

highly significant but negative relation with magnesium contents of the test media.  
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Introduction 

Aquatic pollution has its own significance regarding 

human life, as water is the main part of living 

organisms and has great concern with daily life events 

such as drinking, cleaning and agriculture (Singh et 

al., 2010). Sewage disposal, industrial wastes, rainfall 

and soil leaching are considered as important factors 

that can disturb the stability of natural aquatic 

ecosystems (Adefemi et al., 2008). The aquatic 

pollution due to metallic ions is a severe worldwide 

issue now-a-days (Khare and Singh, 2002). Due to 

increased use of metal based fertilizers in agricultural 

revolution, there occurs a continuous increase in 

metallic ions in the freshwater (Adefemi et al., 2008; 

Prasath and Arivoli, 2008).  

 

Unlike  other  contaminants,  metals  are  non-

biodegradable and can only be transformed  from  

highly  toxic to less  toxic  forms (Shaukat, 2013). 

Among the metallic toxins, heavy metals are 

predominantly severe in action due to their tendency 

of bio-magnify in the food chain. Toxic impacts of  

heavy  metals  are  an  important  risk  to  the  

organisms living in the aquatic  ecosystems (Selvam 

et al., 2014).  

 

The harmful impacts of heavy metals on the aquatic 

environment range from mortality of individuals to 

complete loss of the biota (Malik et al., 2010; 

Dhanalakshmi, 2013). The heavy metals may also 

cause alterations in the structural and physiological 

aspects of the aquatic inhabitants (Wepener et al., 

2001; Singh et al., 2010).  

 

Chromium is extensively distributed in both aquatic 

and terrestrial environments, occurring mainly in two 

valences states i.e., hexavalent chromium (Cr6+) and 

trivalent chromium (Cr3+). Its compounds are used as 

micronutrients and food supplements. Chromium is 

discharged into aquatic ecosystems mainly by 

electroplating, textile and tannery productions 

(Bagchi et al., 2002; Steinhagen et al., 2004). It is an 

essential micronutrient necessary to stimulate the 

action of insulin in tissues so that the body can use 

fats, proteins and sugars (Piotrowska et al., 2008). 

However, it is toxic at high concentrations and for 

long exposure durations (Valko et al., 2005; 

Lushchak, 2008). The acute exposure of chromium 

significantly affects the histology of tissues and 

ultimately results into mortality of fish (Farag et al., 

2006).  

 

Wallago  attu is  one  of  the  large  inland  catfishes  

present  in  southern  Punjab.  It  is commonly  

distributed  in  the reservoirs, rivers  and  in  

connected  tributaries  of Pakistan, Bangladesh, India, 

Sri  Lanka,  Nepal, Vietnam, Thailand,  Burma, 

Cambodia and  Indonesia (Mirza,  2003). Due to 

over-exploitation, demolition of brood fishes from 

freshwater territories, environmental degradation, 

contamination and absence of appropriate 

management practices, the population of Wallago 

attu is declining day-by-day (Mijkherjee et al., 2002; 

Patra et al., 2005). In freshwater ecosystems, 

Wallago attu is considered as a chemoreceptor and 

plays an important role in detecting the occurrence of 

odoriferous matters in aquatic environments, 

therefore, it would naturally be meaningful to 

determine the acute toxic effects of heavy metals for 

this fish (Chakrabarti and Ghosh, 2008). 

 

Keeping in view the importance of the survival of 

aquatic animals especially fish, the current research 

was conducted to study the adverse effects of heavy 

metals to the water bodies. 

 

Materials and Methods  

This research work was conducted to determine the 

acute toxicity of chromium in terms of 96-hr LC50 and 

lethal concentrations for Wallago attu under 

controlled laboratory conditions.  

 

The fingerlings of Wallago attu were obtained from 

their natural breeding grounds having an average 

weight and total length of 11.50±0.71g and 

155.00±4.20mm, respectively. They were kept in 

cemented tanks for two weeks prior to the start of 

experiment for acclimatization and fed with pelleted 

diet (2.90 Kcalg-1 digestible energy and 35% digestible 

protein). However, fish was not fed during the last 
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24-hr of acclimatization and throughout the acute 

toxicity experiments. Before start of these 

experiments, all glass aquaria were washed 

thoroughly with tap water and stocked with fish for 

each test concentration of metal. Three replications 

were used for each test concentration for the 

determination of 96-hr LC50 and lethal concentration. 

Stock solution of chromium was prepared on molar 

basis by dissolving the pure chloride compound of 

chromium in deionized water. 

 

In order to minimize stress to the fish, the 

concentration of the metal in each aquarium was 

increased gradually as 50% test concentration was 

maintained within 3 hours and full toxicant 

concentration in 6 hours. The physico-chemical 

parameters of test media (water) viz. total hardness, 

temperature, pH, carbon dioxide, dissolved oxygen, 

total ammonia, calcium, magnesium, sodium and 

potassium were determined at 12-hr intervals 

(A.P.H.A. 1998). All static bioassay tests for Wallago 

attu were performed at constant total hardness (250 

mgL-1), water temperature (28 ºC) and pH (8). 

During whole experiment, fresh air was supplied to 

each test media with an air pump. Each test was 

performed under 12-hr light and dark illumination 

cycle and fish mortality was recorded on hourly basis. 

The dead fish obtained during 96-hr acute toxicity 

tests were removed from the media and their 

mortality data was compiled for analyses.  

 

Results and discussion 

Acute toxicity of chromium 

Table 1 shows the mortality of Wallago attu during 

96-hr exposure of different chromium concentrations 

for three replications.  

 

(Agreed)The 96-hr LC50 and lethal concentration 

values of chromium for the fish were obtained by 

performing Probit analysis on fish mortality data. 

Normal distribution of data was estimated at 95% 

confidence interval revealing LC50 value of 

60.56±0.27mgL-1 with confidence interval range of 

55.12-65.00mgL-1.  

 

However, the lethal concentration of chromium was 

estimated as 89.40±0.17mgL-1 having confidence 

interval range of 82.24-102.26mgL-1.  

 

Table 1. Calculated 96-hr LC50 and lethal concentrations of chromium for the fish. 
 

Fish species 

 

 

 Mean 96-hr 

LC50 

(mgL-1) 

95% confidence 

interval 

(mgL-1) 

Mean lethal 

concentration  

(mgL-1) 

95% confidence 

 interval 

(mgL-1) 

 Replication I 61.43±2.72 a 55.28 - 66.57 98.09±5.69 a 89.27 - 113.74 

Labeo rohita Replication II 58.54±2.92 a 51.94 - 64.02 99.54±6.18 a 89.94 - 116.41 

 Replication III 56.37±2.88 a 49.60 - 61.58 94.39±5.40 a 85.95 - 109.04 

 Mean±SD 58.78±2.54 b  97.34±2.66 a  

Means with similar letters in a single column and row are statistically non-significant at p<0.05. 

This model shows the Deviance Chi-Square value of 

0.98 and goodness of fit test, “p” value of 1.00 

revealing high precision of this regression model. 

From the Probit curve computed for second 

replication, the 96-hr LC50 value of chromium was 

estimated as 57.67±0.11mgL-1 (55.22-62.59mgL-1 

confidence interval). The lethal concentration of 

chromium for W. attu was determined as 

91.28±0.29mgL-1 with confidence interval range of 

83.02-106.80mgL-1. For third replication, the 

calculated 96-hr LC50 value of chromium 

(59.28±0.19mgL-1) was obtained with 95% confidence 

interval range of 53.63-64.02mgL-1. However, the 

lethal concentration for the fish species was 
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determined as 91.28±0.31mgL-1 with confidence 

interval range of 83.37-105.40mgL-1.Analysis of 

variance revealed non-significant variations among 

the three replicates for both 96-hr LC50 and lethal 

concentration of chromium for the fish.  

(Contrast)However, significant differences were 

found between LC50 and lethal concentrations of 

chromium for Wallago attu. Murti (2005) were 

performed the trials for the short-term toxicity of 

potassium dichromate to Channa punctatus. 

 

Table 2. Means (±SD) for physico-chemical characteristics of the test media recorded during acute toxicity trials 

for Wallgao attu.   

Concentrations 

(mgL-1) 

Total hardness 

(mgL-1) 

Temperature 

(°C) 

pH Carbon dioxide 

(mgL-1) 

Dissolved oxygen 

(mgL-1) 

Total ammonia 

(mgL-1) 

Calcium 

(mgL-1) 

Magnesium 

(mgL-1) 

Sodium 

(mgL-1) 

Potassium 

(mgL-1) 

5.00 250.01±0.00 28.00±0.00 8.00±0.00 0.49±0.03 5.81±0.52 0.28±0.23 20.56±4.67 49.65±13.45 210.45±9.39 11.21±4.51 

10.00 250.00±0.00 28.00±0.00 8.01±0.01 0.33±0.01 5.76±0.49 0.31±0.27 22.78±5.93 48.26±10.99 201.32±10.01 10.99±4.48 

15.00 250.00±0.00 28.01±0.01 8.00±0.00 0.52±0.04 5.85±0.57 0.37±0.31 21.89±5.31 48.82±12.01 232.71±11.63 12.64±4.78 

20.00 250.02±0.01 28.00±0.00 8.00±0.00 0.57±0.05 5.73±0.38 0.49±0.43 22.91±6.01 48.19±10.67 221.41±11.23 13.11±4.85 

25.00 250.00±0.00 28.02±0.01 8.00±0.00 0.61±0.06 5.71±0.34 0.55±0.46 23.42±6.88 47.86±9.56 301.13±11.87 11.76±4.59 

30.00 250.01±0.00 28.01±0.01 8.02±0.01 0.55±0.04 5.69±0.31 0.58±0.49 23.92±7.93 47.55±9.09 247.13±12.11 13.83±5.02 

35.00 250.00±0.00 28.00±0.00 8.00±0.00 0.64±0.06 5.74±0.43 0.45±0.37 22.09±5.42 48.70±11.31 261.98±13.32 14.09±5.11 

40.00 250.00±0.00 28.00±0.00 8.00±0.00 0.69±0.07 5.65±0.25 0.63±0.55 24.38±8.87 47.26±8.65 309.23±14.88 12.53±4.68 

45.00 250.00±0.00 28.00±0.00 8.01±0.00 0.56±0.05 5.55±0.17 0.71±0.63 24.79±9.09 47.01±8.41 267.28±15.09 15.76±5.67 

50.00 250.01±0.00 28.01±0.01 8.00±0.00 0.77±0.08 5.49±0.15 0.77±0.67 23.61±7.32 47.75±9.33 273.56±15.71 14.49±5.19 

55.00 250.00±0.00 28.00±0.00 8.00±0.00 0.79±0.09 5.41±0.11 0.66±0.59 25.55±9.91 46.53±8.55 323.89±16.47 13.23±4.87 

60.00 250.03±0.01 28.01±0.00 8.00±0.00 0.81±0.10 5.38±0.07 0.81±0.71 24.08±8.11 47.46±8.91 295.39±17.42 16.19±5.87 

65.00 250.00±0.00 28.00±0.00 8.02±0.01 0.83±0.12 5.35±0.07 0.88±0.76 23.11±6.54 48.06±10.11 239.53±18.78 14.78±5.21 

70.00 250.00±0.00 28.00±0.00 8.00±0.00 0.86±0.13 4.96±0.02 0.92±0.82 24.87±9.45 46.96±8.23 315.31±19.87 15.32±5.32 

75.00 250.01±0.00 28.03±0.01 8.00±0.00 0.89±0.14 5.23±0.05 1.03±0.87 26.31±10.23 46.06±7.33 256.89±19.11 13.81±4.99 

80.00 250.00±0.00 28.00±0.00 8.01±0.01 0.95±0.16 5.19±0.05 1.21±0.91 25.83±10.01 46.36±7.89 320.29±20.61 12.91±4.81 

85.00 250.00±0.00 28.00±0.00 8.00±0.00 0.98±0.17 5.08±0.04 1.37±0.97 26.95±10.67 45.65±7.11 289.73±21.23 14.88±5.29 

Means±SD 250.01±0.01 28.01±0.01 8.00±0.01 0.70±0.18 5.50±0.27 0.71±0.31 23.94±1.68 47.54±1.05 268.66±39.31 13.62±1.53 

 
The LC50 (median lethal concentration) value 

computed for potassium dichromate, after 96 hour 

exposure period, was 1.84mgL-1. He concluded that 

the mortality rate of fish was both concentration and 

time dependent. Sanjay et al. (2006) exposed the 

Channa marulius (air breathing teleost fish) to 

chromium for 96 hours. They concluded that with an 

increase in concentration of metal and exposure time, 

the mortality rate was also increased. The 96 hours 

acute exposure of chromium revealed that LC50 (50% 

lethal concentration) for Channa marulius was 

121.79mgL-1. Domingues et al. (2010) also observed a 

significant increase in fish mortality with the increase 

in chromium concentrations. Their results showed 

that the acute toxicity value of chromium in terms of 

96 hour LC50 for zebra fish was 39.4mgL-1. Dural et al. 

(2002) investigated the lethal concentration of 

chromium for the African catfish (Clarias 

gariepinus). Their results revealed that the 96-hr 

LC50 value for C. gariepinus was computed as 

288mgL-1. Joshi and Patil (2002) evaluated the 

impact of acute toxicity of chromium to Clarias 

batrachus. The median lethal concentration of 

chromium for the fish, C. batrachus, was found as 

105mgL-1. Singh and Singh (2002) exposed the fish 

(Channa punctatus) over 96 hours to 40 and 80% of 

chromium concentrations. After acute exposure of 

chromium, the LC50 value for C. chanos was 

calculated as 25.6mgL-1 with 95% confidence limit of 

22.4-29.2mgL-1.  

 

Physico-chemistry of chromium test media 

The physico-chemical parameters of the test media 

influenced the toxicity mechanisms in the fish. 

During present experiment, it was observed that the 

level of carbon dioxide and total ammonia increased 

gradually while the dissolved oxygen decreased as a 

result of increasing chromium concentration in the 

test media. These results indicated that increased 

concentration of chromium lead to a significant stress 
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on the fish and ultimately carbon dioxide, ammonia 

excretion increased along with enhanced 

consumption of dissolved oxygen. 

 

Total hardness, water temperature, pH, carbon 

dioxide, dissolved oxygen, total ammonia, calcium, 

magnesium, sodium and potassium of the test media 

were analyzed daily on 12 hour basis. During acute 

toxicity trials of chromium, mean total hardness 

(250mgL-1), water temperature (28 ºC) and pH (8) 

were kept constant. The data regarding physico-

chemical parameters of the test medium used for 

acute toxicity of chromium to Wallago attu are 

presented in the Table 2.  

 

Abedi et al. (2012) examined the reduced oxygen 

consumption and increased ammonia exceretion by 

Pangasius hypophthalmus (scale less freshwater fish) 

during 96-hr acute exposure of chromium. It was 

observed that this fish was sensitive to physico-

chemical parameters like hardness, temperature, pH 

and dissolved oxygen of the test media. Kawade and 

Khillare (2012) concluded an inverse relationship 

between the metallic ion concentration of chromium 

and pH of the test media during the acute exposure of 

chromium to Channa gachua. 

 

Carbon dioxide 

An increase in the metallic ions concentration in the 

test media caused a gradual rise in the carbon dioxide 

concentration. The mean minimum and maximum 

carbon dioxide concentrations in the test media of 

Wallago attu were estimated as 0.33±0.15 and 

0.98±0.05 at 10.00 and 85.00mgL-1 chromium 

concentrations, respectively.  

 

Dissolved oxygen 

The dissolved oxygen contents showed significant 

decrease with an increase in chromium concentration 

of the test media revealing an inverse relationship 

between dissolved oxygen and metal concentrations 

during this investigation. The minimum and 

maximum dissolved oxygen concentrations of the test 

media, used for chromium toxicity trials, varied 

between the mean values of 5.08±0.11 and 

5.85±0.07mgL-1 at 85.00 and 15.00mgL-1 chromium 

concentrations, respectively. . Guedenon et al. (2012) 

reported that chromium toxicity may decrease the 

oxygen consumption by Clarias gariepinus. 

 

Total ammonia 

The total ammonia contents of the test media during 

96-hr LC50 and lethal concentration trials for Wallago 

attu were ranged from 0.28±0.07 to 1.37±0.05mgL-1 

at 5.00 and 85.00mgL-1 chromium concentrations, 

respectively. 

 

Calcium 

The maximum mean value of calcium was observed as 

26.95±0.08mgL-1, while it was minimum as 

20.56±0.55mgL-1 chromium concentration. 

 

Magnesium 

During the 96-hr acute toxicity trials, the magnesium 

contents of the test media were ranged from 

45.65±0.05 to 49.65±0.34mgL-1 at 85.00 and 

5.00mgL-1 concentrations of chromium. 

 

Sodium 

The sodium contents of test media ranged from 

201.32±5.97 to 323.89±2.21mgL-1 at 10.00 and 

55.00mgL-1 concentrations, respectively. 

 

Potassium 

The maximum and minimum potassium contents of 

the test media were determined as 16.19±0.31 and 

10.99±0.68mgL-1 at 60 and 10mgL-1 concentrations of 

chromium. 

 

Conclusion 

There existed significant differences between 96-hr 

LC50 and lethal concentrations of chromium for 

Wallago attu. The mean 96-hr LC50 and lethal 

concentrations of chromium for the fish were 

computed as 59.17±1.45 and 90.65±1.09mgL-1, 

respectively. The oxygen consumption by the fish 

increased significantly with the increase in chromium 

concentration in the test media while carbon dioxide 

and ammonia concentrations increased 

concomitantly. The chromium concentration 
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exhibited statistically highly significant positive 

relation with calcium, sodium and potassium while it 

showed highly significant but inverse correlation with 

magnesium contents of the test media. Carbon 

dioxide showed significantly direct relationship with 

total ammonia while it exhibited highly significant 

but inverse correlation with dissolved oxygen. The 

dissolved oxygen revealed negatively significant 

relationship with total ammonia. Calcium exhibited 

statistically highly significant but negative correlation 

with magnesium contents of the test media. 
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