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Abstract: The aim of the study was to determine the toxicity of ammonia in the blood of freshwater fish 
Cyprinus carpio. Changes in the haemoglobin content of fish Cyprinus carpio exposed to sublethal 

concentration of ammonia for 35 days were presented in Table 4 and figure. 3. During the above exposure 

period a biphasic trend was observed in the present study. The hemoglobin was decreased from 7th, 14th, 21st, 

28th, and 35th  days showing a percent decrease of -15.948, -11.809, -13.483, -12.621, -10.204. However, 

hemoglobin was declined showing a minimum percent decrease of -10.204 at the end of the treatment period 

(35th day) and a maximum percent decrease of -15.948 at the end of 7th day. 
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I. Introduction 

           Ammonia is unique among regulated pollutant because it is an endogenously produced toxicant that 

organisms have developed various strategies to excrete, which is in large part by passive diffusion of un-ionized 

ammonia concentration reduce or reverse diffusion gradient and cause the buildup of ammonia in gill tissues 
and blood (USEPA, 1999). In water, ammonia occurs two forms which together are called the total ammonia 

nitrogen or TAN chemically and these two forms are represented as NH4+ and NH3 (Francis-Floyd and Watson, 

2005). According to (Wood et al., 2011), a low concentration can positively effluence fish growth. Ammonia for 

vertebrate animals is highly toxic substrate even in low concentrations. It is formed in the organisms as the final 

product of protein and aminoacid. Due to its toxicity and especially its neurotoxin properties it cannot be 

accumulated in the organisms and must be eliminated in the brain and neurons. Among salts ammonia plays an 

important role in fish and fish, as a bio indicator organism, plays an increasingly important role in monitoring of 

water pollution because they respond with great sensitivity to changes in the aquatic environment (Chezhian and 

Senthamilselvan, 2012). 

            Ammonia is toxic to variety of aquatic organism including fish (Harris et al., 1998). Un-ionized form of 

ammonia is the most toxic form to aquatic organisms as it can readily diffuse through cell membranes and is 

highly soluble liquid. It can cause impairment to cerebral energy metabolism, damage to gill, liver, kidney, 
spleen and thyroid tissue in fish. Moreover, it is a common aquatic pollutant. Ammonia is the principal 

nitrogenous waste and involves the measurement of contaminant levels to characterize the hazards imposed on 

the aquatic environment. However, this field of study includes information on how contaminants can affect 

human and fishes in and around the aquatic environments. This study focused on the common carp Cyprinus 

carpio of monitoring the blood ammonia levels in fish blood in the period of metabolic attenuation, and handling 

of fish ability to withstand such changes under hematological changes (Busova and Stancelova, 2013). 

Estimation of hemoglobin can be used as an index of anemia and fluid volume disturbance. Significant 

decrease in hemoglobin level was noted in Asian swamp eel Monopterus albuds, exposed to endosulfan (Hii et 

al., 2007, in European Catfish, Silurus gland L. exposed to cypermethrin (Adhikari et al., 2004). Ramesh et al. 

(1994) reported similar observation in Cyprinus carpio exposed to kitazin toxicity. Matkovics et al. (1987) 

observed a significant decrease in hemoglobin content of Cyprinus carpio when exposed to environmental 
ammonia showed a  decrease content in hemoglobin (Avilez, et al., 2004). In crayfish decreased hemoglobin 

content due to nitrite exposure (Camargo and Alonso, 2006). Hemoglobin increased due to nitrite exposure in 

Oreochromis hybrid (Hrubec, et al., 2000), decrease in Pacu (Moraes, et al., 2006). The concentration of 

ammonia in the blood seems to decreased in Cyprinus carpio monitored ranged from 7 to 35 days µ mol/L do 

141.4 µ mol/L (Spurny, 1998). Wick and Randall (2002) in their study demonstrated effect of concentration of 

ammonia in blood in Rainbow trout . Hence in the present study toxicant ammonia exposed in the freshwater 

fish Cyprinus carpio showed a decreased percent in the hematological parameters throughout the study period. 

 

II. Materials and methods 
             To assess the haematological profile of the control and treated fish, hemoglobin, were measured in the 

whole blood of Cyprinus carpio. The changes in physico-chemical characteristics, such as temperature, pH, 

dissolved oxygen, alkalinity , hardness, salinity, calcium and magnesium of experimental water were recorded 
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throughout the experimental period. Fresh water fish Cyprinus carpio, weighing 5.0-6.0 gm and measuring 7-8 

cm were collected from Tamilnadu Fisheries Development corporation, Aliyar fish farm, Aliyar, Tamilnadu, 

India. The median lethal concentration of ammonia was calculated by Probit analysis method (Finney,1978). 

The sublethal toxicity was conducted at 1/10th of Lc50 of 24h value (1.05) ppm.  

 

Estimation of haemoglobin 
 Hemoglobin content of the blood was estimated by Cyanmethemoglobin method (Drabkin, 

1946) using Diagnostic Reagent kit supplied by Monozyme India Ltd.          

Calculation 
                                                                       Abs. Of test 

 hemoglobin concentration(gm/dl) =    ------------------------ x 16.31                                                      .                                                                 

Abs. Of standard 

 

III. Result 
 Changes in the hemoglobin content of fish Cyprinus carpio exposed to sublethal concentration  of 

ammonia for 35 days were presented in Table 4 and figure. 3. During the above exposure period a biphasic trend 

was observed in the present study. The hemoglobin was decreased from 7th, 14th, 21st, 28th, and 35th 
 days 

showing a percent decrease of -15.948, -11.809, -13.483, -12.621, -10.204 respectively. However, 

hemoglobin was declined showing a minimum percent decrease of -10.204 at the end of the treatment period 

(35th day) and a maximum percent decrease of -15.948 at the end of 7th day.  

Table 4. Changes in the hemoglobin content  of  Cyprinus carpio exposed to sublethal 

concentration of ammonia for 35 days 

Values are mean + S.E. of five individual  observations. (+) Denotes percent increase over control. (-) 
Denotes percent decrease over control.  

 
 

IV. Discussion 
The knowledge of the hematology is an important tool that can be used as an effective and sensitive 

index to monitor physiological and pathological changes in fishes (Kori-Siakpere et al., 2005). Previous studies 
on fish hematology have revealed that interpretation of blood parameters quite difficult, since variations in the 

blood are caused by internal and external factors. It is well known that blood sampling, laboratory techniques, 

seasonal variations, size, genetic properties, sex, population density, lack of food supply, environmental stress 

S.NO EXPOSURE 

PERIOD 

CONTROL EXPERIMENT CHANGE 

% 

CALCULATED                                

t  VALUE 

1 7 4.64 + 0.41 3.90 +  0.34 -15.948 -1.40 

2 14 3.98 +  0.38 5.1 +  0.22 -11.809 -0.98 

3 21 3.56 + 0.25 3.0 + 0.33 -13.483 -1.45 

4 28 3.09 +  0.35 2.70 + 0.50 -12.621 -1.46 

5 35 2.90 +  0.41 2.64 +  0.22 -10.204 -1.53 
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and transportation could affect hematological data (Kori-Siakpere et al., 2005). When ammonia concentrations 

increase in water, ammonia excretion by fish decrease and the levels of ammonia in the blood tissue increase. 

High levels of ammonia increase oxygen consumption by tissues, damage gills, reduce ability of blood to 

transport oxygen. Increased level of ammonia in water increases its content in the blood of fish through 

diffusion and poisoning of central nervous system (Svobodova et al., 2007).In the present investigation 

reduction of hemoglobin may be due to inhibition of aerobic glycolysis could be the reason for the decrease of 

blood parameters in the stressed fish. Prolonged reduction in hemoglobin content is deleterious to transport any 

blood dyspepsia and degeneration and could be ascribed as pathological conditions in fish exposed to toxicants.  

The concentration of ammonia in the blood of the common carp Cyprinus carpio was low in the 

monitored and the period ranged from 7 to 35 days µ mol/L do 141.4 µ mol/L. These values are in accordance 

with Spurny (1998), where in the winter season, the concentration of ammonia in the fish blood occur in values 
50-100 µ mol/L. Fish in the winter season have subdued metabolism and do not ingest feed. Fish, especially 

stored in a pond, are kept after harvesting for approximately two months in storage ponds, where they also do 

not ingest feed. In this period they reduce weight and occur considerable hematologic change as well as 

significant hypoproteinemia (Svobodova et al., 2006). While the hypoproteinemia is also related in decreased 

concentration of blood ammonia. The situation is also demonstrated by several other authors. Wick and Randall 

(2002) in their study demonstrate the effects of starvation and feeding on the concentration of ammonia in the 

blood of rainbow trout. Fish that is fed reports in experimental conditions an increase in plasma ammonia 

concentration 30 minutes after feeding. The increased levels of ammonia according to the study return to the 

normal stage two hours after feeding, but after 8 hours since feeding is in the plasma noticeable the second 

increase in ammonia concentration 8 hours after feeding is caused by the higher physical activity during feeding 

in experimental conditions by a sudden change in lighting conditions, fright and stress response of fish to 

removal of the covers of the experimental tank with water.  
Wick and Randall (2002) suggest that the pathway, in which is the ammonia utilized, is the formation 

of aminoacids of alanine, aspartate, glutamate and glutamine. All of these amino acids can thus serve as 

temporary storage of ammonia. In this way, the fish can be protected from the effects of ambient ammonia. 

These authors state that the endogenous concentration ammonia in the blood of rainbow trout varies with food 

intake. However, increasing the endogenous ammonia does not increase exogenous ammonia in water. The 

protective effect is observed in fish only for the first 24 hours. Ammonia formed in fish as a product of 

metabolism of proteins. Ammonia toxicant is a serious problem and can cause mass mortalities in fish. This 

study focused on the common carp Cyprinus carpio. It was focused on monitoring the ammonia levels in fish 

blood. The study results confirmed that the hematological parameters decreased may be due to the effect of 

sudden changes in water temperature and the ammonia in the blood of fish used to assess its physiological state 

and effect of hazardous substances, to determine the nonspecific resistance. On the contrary, there were no 
dramatically increased concentrations of ammonia in the blood of fish. Hence in the present study the literature 

on hemolglobin content on ammonia is almost negligible. 
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