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Abstract 
Chromium is one of the most common elements in the earth’s crust and is used in more than 50 different 

industries. The discharge from these industries pollute the waters and affects the biota. In the present 

study, the 96 h LC50 of Cr (VI) was determined for Ctenopharyngodon idellus and was 53.08 mg/L. 

chronic toxicity of Cr on the morphology and behaviour of fish was assessed on exposing the fish to 

sublethal concentrations for 45 days. Acetylcholinesterase activity was also examined. Cr toxicity altered 

the morphology of the fish with cryptic colouration, loss of scales and a thick coating of mucous on the 

body. Fish displayed mild hyperactivity, loss of balance, erratic swimming and lethargy; followed by a 

decrease in fin and opercular movements. The activity of acetylcholinesterase also witnessed 

modification, thus confirming the behavioural changes. It can be concluded that chromium is toxic to C. 

idellus even at sublethal levels and affects its normal survival in the polluted waters. 
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1. Introduction 

Chromium exists in several oxidation states [1], out of which elemental, trivalent and 

hexavalent states are stable. Hexavalent chromium is used in a variety industries, ranging from 

electroplating, dyeing, metal refining, fungicide, wood preservatives, ceramic glass, pigment 

production and leather tanneries [2, 3]. The improper disposal of effluents from these industries 

has resulted in its undue presence in the air, water and soil, resulting in environmental 

pollution [4, 5]. The permissible concentration imposed by EPA on hexavalent chromium is 100 

µg/L [6], but the underground water has depicted a surge in the chromium levels to more than 

12 mg/L [7, 8]. The hexavalent state is carcinogenic [9] and produces oxidative stress on entering 

the cell [4, 8].  

Fish being at a higher trophic level in the food chain serves as a suitable bioindicator of 

environmental pollution [10, 41]. The sensitivity of experimental organisms regulates the lethal 

and sub-lethal concentration of the metal [11]. Chromium enters the body of fish either by 

ingestion of food or water or with the ion-exchange of dissolved metals through lipophilic 

membranes [12]. There is limited information on the neurotoxicity of Cr, although its toxicity 

on the brain of Drosophila melanogaster has been established [13], but is not known in fish.  

Acute toxicity assessment determines the adverse effects of a toxicant that might occur with 

accidental or short-term exposure [37] which helps in dosage selection for long term studies [38]. 

Identification of biological alterations related to cholinergic systems during metal exposure 

provide insight into the neurochemical and molecular targets involved in neurotoxicity 

promoted by heavy metals [39]. Ctenopharyngodon idellus is an exotic fish, cultured in 

integrated fish farming. It tolerates a wide range of physicochemical characteristics of water. 

In the present study, acute toxicity of Cr (VI) on C. idellus was determined and using sublethal 

concentrations, chronic toxic effects were studied on the morphology and behaviour of the 

fish. 

 

2. Materials and Methods 

2.1 Procurement and acclimatization of fish  

Healthy fingerlings of Ctenopharyngodon idellus (12 gm±5; 11 cm±2) were procured from a 

local fish farm (Karnal, Haryana) and were acclimatized for 15 days in a glass aquarium (145 
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x 43 x 32 cm) fitted with aerators and filters containing 

dechlorinated water at 23-25ºC under natural photoperiod. 

Fish were fed with commercial feed pellets (Tetra Bits 

Complete, Germany) containing 47.5 % crude protein twice 

daily. Feeding of the fish was suspended 24 h prior to the 

experiments. Necessary permissions were sought and 

guidelines prescribed by the Animal Ethics Committee, 

Panjab University, Chandigarh (PU/IAEC/S/14/144) were 

=followed.  

 

2.2 Chemicals 

ACS reagent of potassium dichromate (K2Cr2O7) was 

purchased from Merck. Other chemicals used were obtained 

from Hi-media. 

 

2.3 Physicochemical characteristics of test water 

The physicochemical characteristics of water were tested 

using the standard methods [6]. In the experimental water, the 

different physicochemical characters were: temperature 

23±1˚C, pH 7.2±0.1, D.O. 8±1 mg/L, hardness 92.65±0.5 as 

CaCO3 mg/L. 

 

2.4 Toxicity tests 

2.4.1 Acute toxicity 

96 h LC50 of Cr (VI) for C. idellus was determined using 

semi-static acute toxicity tests, starting with the range finding 

tests to acute toxicity trials [6, 14]. Feeding to the fish was 

stopped 24 h before the experiment and were not fed during 

the acute toxicity tests, and the experiments were performed 

in triplicates. The preliminary test concentrations ranged from 

42.41-70.69 mg/L. Based on the range, acute toxicity tests 

were conducted in a basic experimental setup of ‘Syntax’ 

plastic tanks of 60L capacity containing 40L of the test 

solution and 10 fish in each test concentration, with a control 

group maintained in dechlorinated tap water. Test water was 

changed daily to maintain the toxicant concentration. 

Mortality was recorded at 24 h interval and dead fish were 

immediately removed to avoid contamination. From these 

values, the threshold effect concentration was also 

determined.  

 

2.4.2 Chronic toxicity 

5.3 mg/L (one-tenth) and 10.63 mg/L (one-fifth) of 96 h LC50 

were chosen as sublethal concentrations of Cr (VI) for chronic 

toxicity bioassay. The concentrations chosen in the present 

study correspond to the elevated and environmentally relevant 

level of Cr present in the water bodies [7, 15]. The experiment 

was performed in triplicate for 45 days and sampling was 

done on 15th, 30th and 45th day of the exposure period. The 

fish were evaluated for behavioural and morphological 

alterations every day for the entire length of the exposure 

duration. 

 

2.4.2.1 Behaviour studies 

The frequency of caudal and dorsal fin and opercular 

movements were observed on 15th, 30th and 45th day of the 

experiment. For this, all fish in the different groups were 

monitored for 30 min each and the frequency of the 

movements was calculated.  

 

2.4.2.2 Acetylcholinesterase activity 

For determining the activity of acetylcholinesterase in the 

serum of fish, blood was collected from caudal peduncle from 

benzocaine anaesthetized fish after 15th, 30th and 45th day. The 

serum was immediately processed for the AChE activity [16]. 

Serum was added to phosphate buffer and incubated at 37 ºC 

for 10 min followed by the addition of DTNB (Ellman’s 

reagent). The reaction was initiated with the addition of 

acetylcholine iodide and absorbance was measured for 2 min 

at 412 nm using LABINDIA® UV 3000+ Analytical UV/VIS 

spectrophotometer. The concentration of protein was 

determined by a commercial diagnostic kit (Reckon 

Diagnostic Private Limited, Gujarat, India). 

 

2.5 Statistical analysis 

The data was analysed statistically using IBM SPSS version 

21. Kolmogorov-Smirnov test was applied for determining the 

normal distribution of data. As the data was found to follow a 

normal distribution, the significance of difference among the 

different groups was tested using one-way ANOVA followed 

by Tukey’s multiple comparison tests. Data are presented as 

mean ± SE. The values were considered significant at p< 

0.05. 

 

3. Results 

3.1 Acute toxicity 

96 h-LC50 of Cr (VI) to Ctenopharyngodon idellus was 

determined by Probit analysis [36] and was 53.08 mg/L (added 

as 151.65 mg/L of potassium dichromate) (Table 1, Fig 1). 

The fish in the lower concentrations (42.41 and 45.95 mg/L) 

displayed loss of equilibrium and convulsions after 24-48 h of 

exposure. The higher concentrations were able to induce rapid 

opercular movements and hyperactivity. In the highest 

concentration experimental set up, the fish reacted with erratic 

swimming and made air gulping actions, with more surfacing 

behaviour.  

 
Table 1: Mortality of C. idellus exposed to different concentrations of Cr (VI) for 96 h and empirical Probit values 

 

Cr(VI) concentration (mg/L) Total number of fish Number of dead fish Mortality (%) Log concentration Empirical Probit value 

42.41 10 1.00 10 1.62 3.72 

45.95 10 2.00 20 1.66 4.16 

49.48 10 3.00 30 1.69 4.48 

53.02 10 5.00 50 1.72 5 

56.55 10 6.00 60 1.75 5.25 

60.09 10 7.00 70 1.77 5.52 

63.62 10 7.00 70 1.80 5.52 

67.16 10 9.00 90 1.82 6.28 

70.69 10 10.00 100 1.84 8.09 

 



 

~ 48 ~ 

International Journal of Fisheries and Aquatic Studies 

 
 

Fig 1: Empirical Probit values of the death of C. idellus against log concentrations of Cr (VI). 

 

3.2 Chronic toxicity 

3.2.1 Morphology 

The fish displayed cryptic changes, shedding of scales, haemorrhages and thick coating of mucus on the body (Fig 2).  

 

 

Fig 2: Morphological alterations induced in C. idellus with acute and chronic chromium exposure. (a) Unexposed fish showing normal 

morphology, (b) fish with loss of scales, (c) cryptic variation (arrow), (d) whitening of gill filaments, (e) haemorrhage near the operculum. With 

increased exposure of Cr (VI), fish showed (f) bending of the body (arrow), with cryptic changes and (g) loosening of scales making patches of 

skin without scales. The fish also developed (i) haemorrhage on the head (arrow) in comparison to the normal fish (h). 

 

3.2.2 Behaviour changes 

The alterations observed in fin and opercular movements of 

C. idellus on exposure to Cr have been given in Table 2 and 

Fig 3. The frequency of opercular and fin (dorsal and caudal) 

movements in the control group remained almost the same 

throughout the experimental duration. The opercular 

movement frequency (Fig 3a) on the 15th day of exposure 

displayed an increase of 14.5 and 19.6% with 5.3 and 10.63 

mg/L of Cr respectively. The incessant exposure on the 30th 

day with 10.63 mg/L Cr led to a non-significant decline in the 

frequency, which become significant (19.04%) on the 45th day 

of exposure. The lower concentration of Cr was able to 

decrease the opercular frequency by 28.57% by the 45th day.  

The dorsal fin movement (Fig 3b), on the 15th day of 

experiment with 5.3 mg/L Cr witnessed an elevated frequency 

by 19.59%, which decreased by 36.48% till the 45th day. The 

higher concentration of Cr, 10.63 mg/L was also able to 

reduce the dorsal fin frequency by 54.05% by the 45th day. 

The caudal fin movement (Fig 3c) also flaunted modified 

frequency with Cr exposure. The treatment of fish with higher 

Cr concentration (10.63 mg/L) diminished the frequency by 

19.79 and 37.5% by 30th and 45th day of exposure; while the 

lower concentration (5.3 mg/L) lessened it by18.84% on the 

45th day.  
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Table 2: The frequency of fin and opercular movement shown by C. idellus exposed to 5.30 and 10.63 mg/L of Cr(VI). 
 

Behaviour Exposure Period 
Experimental Groups 

Control Cr (5.30 mg/L) Cr (10.63 mg/L) 

Opercular frequency 

15d 67.2±3.023 77.0±4.472a 80.4±2.839a 

30d 67.7±3.120 62.4±3.931 53.8±7.07 

45d 67.9±3.091 48.0±2.846a 54.4±4.319a 

Caudal fin frequency 

15d 19.2±0.374 20.2±0.734 22±0.707 

30d 19.6±0.327 17.0±0.894 15.4±0.748a 

45d 19.5±0.241 13.8±0.583a 12±0.71a 

Dorsal fin frequency 

15d 29.6±2.541 35.4±1.749 35.4±1.326 

30d 28.9±2.362 24.8±2.395 22.8±1.772 

45d 28.5±3.263 18.8±0.800a 13.6±1.691a 

Data are presented as mean ± SE (n=5). Significance (p< 0.05) is determined by one-way ANOVA followed by Tukey’s post hoc test. 

‘a’: indicates statistically significant difference with respect to control. 

 

 
 

Fig 3: Alteration in (a) Opercular, (b) dorsal and (c) caudal fin movement (per min.) of C. idellus exposed to Cr (VI) at different exposure 

periods. Data are presented as mean ± SE (n=5). Significance (p< 0.05) is determined by one-way ANOVA followed by Tukey’s post hoc test. 

‘a’: indicates statistically significant difference with respect to control. 

 

3.2.3 Acetylcholinesterase activity 

The activity of AChE (Fig 4) showed a decreasing trend with 

increasing duration and concentration in the Cr treated fish. In 

fish treated with 5.3 mg/L Cr led to decline in the activity of 

enzyme by 40.87 and 48% on 30th and 45th day of exposure 

with values of 5.55±0.320 and 5.95±0.18 respectively, while 

the exposure with 10.63 mg/L diminished the activity of 

acetylcholinesterase by 20.47, 51.64 and 60.3% in 

comparison to control on the three exposure endpoints i.e., 

15th, 30th and 45th day with values of 6.11±0.588, 7.10±0.128 

and 7.60±0.341, respectively.  

 

 
 

Fig 4: Acetylcholinesterase activity in serum of C. idellus exposed to 5.3 and 10.63 mg/L of Cr(VI) at different exposure periods. Data are 

presented as mean±SE (n=5). Significance (p< 0.05) is determined by one-way ANOVA followed by Tukey’s post hoc test. 

‘a’: indicates statistically significant difference with respect to control. 
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4. Discussion 

The present investigation was taken up with an aim to study 

the acute and chronic effects of chromium on the morphology 

and behaviour of Ctenopharyngodon idellus. The 96h LC50 

value of chromium was determined to be 53.08 mg/L for C. 

idellus with threshold effective concentration (TEC) of 41.35 

mg/L. Species mean acute value (SMAV) of chromium (VI) 

for different fish species has been documented to be in the 

range of 30.0 to 139.9 mg/L[17,18]. LC50 of chromium for 

Carassius auratus to be 85.7 mg/L [11]; while for Cyprinus 

carpio, it is 87.96 mg/L [19]. In the case of endemic species, it 

has been reported to be 34 mg/L and 39.4 mg/L for Cirrhinus 

mrigala and Labeo rohita [20, 21]. The acute toxicity values of 

chromium are organism specific [22] and age-specific [23]. 

Thus, the present LC50 displays the SMAV defined by US 

EPA[17]; and exhibited less sensitivity of C. idellus the 

towards metal than endemic fish. 

The morphology displayed alterations in the acute as well as 

chronic tests with cryptic colouration, loss of scales and 

haemorrhages being prominent among others. Darkening of 

body colour is associated with the reversible response of 

melanophores [24] and is controlled by the sympathetic 

nervous system [25]. Heavy mucus secretion produced by 

goblet and other cell types is associated with making the 

epithelium impermeable in stressed conditions [26]. In teleosts, 

the skin, gills and urinogenital system are the principal 

mucosal surfaces and is the first line of defence [27]. 

Chromium is also known to affect skin by producing allergic 

reactions [28]. 

During the present investigation, chromium also induced 

behavioural alterations with erratic swimming, loss of balance 

and hyperactivity. Present observations are in concurrence 

with the findings of other workers [18, 29, 30, 40]. The behavioural 

changes point towards systemic toxicity, and has been 

connected to the oxidative stress-induced neurotoxicity [18]. 

The lowered respiratory efficiency with Cr (VI), evident by 

decreased opercular frequency, might be a result of low ATP 

levels in the blood. Similarly, the decreased frequency of 

caudal fin resulting in a decreased force of propulsion for 

swimming [31] followed by cessation of swimming has been 

noticed. The cessation of movement has been linked to the 

altered carbohydrate metabolism and induced neurotoxicity 

by the metal [18, 30]. 

To assess the neurotoxicity induced by chromium, 

acetylcholinesterase activity was studied which decreased in a 

concentration and time-dependent manner. Chromium (VI) 

reduced the activity of AChE [32] either due to blockage of the 

active site, altering in enzyme structure, or different amino 

acid sequences [33]. These modifications inhibit the formation 

of enzyme-substrate complex, which is either reversible or 

irreversible [34, 35]. The altered acetylcholinesterase activity 

produces neurotoxicity and alters the normal behaviour of 

animals, as evident from the present study. 

 

5. Conclusion 

Chromium at the environmentally relevant sublethal 

concentrations was able to induce morphological and 

behavioural modification with a decrease in 

acetylcholinesterase activity. The results suggest the potential 

toxic effects of chromium on C. idellus and prove it to affect 

the normal survival of fish in chromium contaminated waters.  
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