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                  A B S T R A C T                         

Introduction  

Ammonia is widespread in the environment 
due to agricultural runoff, industrial runoff 
and decomposition of biological waste. 
Ammonia is a major toxicant to fishes and 
other aquatic life. It enters natural water 
system from several sources including 
industrial waste, sewage effluents, coal 
gasification and liquefaction conversion 
process plants and agricultural discharges 
including feed lot runoff. It is a metabolic 
waste product to fishes. Ammonia is toxic to 
all vertebrates causing convulsions, coma 
and death, probably because elevated NH4+ 

displaces K and depolarizes neuron which        

leads to Ca+ and subsequent cell death in the 
central nervous system (Randall DJ, Tsui 
TK, 2002). The term ammonia refers to two 
chemical species which are in equilibrium in 
water, NH3, ionized form and NH4+ 

unionised form.The toxicity of ammonia is 
primarily attributable to NH3, as opposed to 
NH4+ and their equilibrium in water 
depending on pH and temperature (USEPA. 
1999).  

Ammonia is the major end product in the 
breakdown of feed in fish. Fish digest the 
protein in their feed and excrete ammonia 
through their gills and in their feacus. 
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This study evaluates the ammonia toxicity in the blood of freshwater fish Cyprinus 
carpio. Table 2. and Figure 1. Represent the data on changes in the erythrocytes 
count of the blood of fish Cyprinus carpio to sublethal concentration of ammonia 
for 35 days. During the treatment, the erythrocyte count found to be decreased 
throughout the study period from 7 to 35 days showing percent decrease of -
15.384, -30.00, -28.57, -26.531, -20.00 exposed to 7, 14, 21, 28 and 35 days 
respectively. During 7th day minimum percent decrease of -15.384 and a maximum 
percent decrease of -30.00 on 14th day was also observed in ammonia exposed fish. 
Table 3. and Figure 2. Reveal the changes in leucocytes count of the blood of fish 
Cyprinus carpio exposed to sublethal concentration of ammonia for 35 days. The 
WBC count was decreased throughout the study period showing a percent decrease 
of -25.257, -35.37, -45.85, -46.501, -51.041 from 7th to 35th  day respectively. 
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Ammonia tends to block oxygen transfer 
from the gills to the blood and can cause 
both immediate and long term gill damage. 
Mucous producing membranes can be 
destroyed, reducing both the external slime 
coat and damaging the internal intestinal 
surfaces. Fish suffering from ammonia 
usually appear sluggish, often at the surface 
gasping for air (Robert et al., 1997). Total 
ammonia nitrogen (TAN) is composed of 
toxic (un-ionised) ammonia (NH3) and 
nontoxic (ionized) ammonia. Only a fraction 
of TAN exists as toxic (un-ionised) 
ammonia, and a balance exists between it 
and the nontoxic ionized ammonia. The final 
stage of the natural biological metabolic 
waste conversion is the result of the 
bacterial breakdown of ammonia, nitrite and 
nitrate. Ammonia toxicity to fish was 
investigated (Thurston, et al., 1986, 
Tomasso and Carmichael 1986), (Ogbonna 
and Chinomso.2010).  

Reduction of RBC count in fish blood after 
cadmium in Tilapia zilli (Ruparelia et al., 
1990), nickel in Silurus glanis (Sobecka, 
2001), and in Claries gariepinus (Ololade 
and Ogini, 2009). In contrast, significant 
increase in RBC count was noticed in 
Cyprinus carpio (Drastichova et al., 2004) 
and Tinca tinca (Witeska et al., 2006). 
Similarly significant increase in RBC count 
was noted in Prochilodus scorfa exposed to 
copper (Cerqueira and Fernanders, 2002), in 
Hoplias malabaricus exposed to mercury 
(Oliveira Ribeiro et al., 2006), in Clarias 
gariepinus exposed to selenium (Abdel-
Tawwab et al., 2007a) in Tilapia zilli 
exposed to aluminum exposure to Rainbow 
trout Oncorhynchus mykiss (Writters et al., 
1990a). In this study  toxicant ammonia 
exposed to Cyprinus carpio showed 
decreased result.    

Variation in leucocyte count provides a 
more sensitive index of stress than the 

changes of erythrocyte abundance. A 
significant increase in WBC count was 
noted in fish exposed to various toxicants 
(Mandal and Lahiri, 1985; Sen et al., 1992; 
Witeska, 2004). Leucocyte was also noticed 
in Colisa fasciatus exposed to chromium 
(Srivastava et al., 1979), in Scyliohinus 
canicula exposed to zinc (Flos et al., 1987), 
in Channa punctatus exposed to copper 
(Singh et al., 2008). On the other hand, 
leucocytes count declined in Tilapia zillii 
exposed to cadmium (Ghazaly, 1992), in 
Silurus glanis exposed to nickel (Sobecka, 
2001), in Claries gariepinus exposed to zinc 
(Ololade and Ogini, 2009) and in cadmium 
exposure in Tilapia zilli (Ghazaly, 1992). 
During the present study toxicant ammonia 
exposed to freshwater fish Cyprinus carpio 
results in decreased level.   

Materials and Methods  

To assess the haematological profile of the 
control and treated fish, RBC and WBC 
counts 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 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.  

Erythrocyte count  

Erythrocytes were counted by the method of 
Rusia and Sood (1992) using 
haemocytometer.  
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Calculation 
                         No. of erythrocyte X Dilution counted                                                                                      
No. of erythrocytes = -------------------------------------- 
(million/cu.mm of blood)   Area counted X Depth of fluid                                                                                                                                                                 

 
Dilution            - 200 
Area counted    - 5 X 0.04 = 0.2 square mm 
Depth of fluid   - 0.1 mm  

Leucocyte count  

Leucocytes were counted by the method of Rusia and 
sood (1992) using haemocytometer.  

Calculation  
                               No. of leucocytes X Dilution counted                                                                      

No. of leucocytes = -------------------------------------- 
(1000/cu.mm of blood)   Area counted X Depth of fluid     

Dilution            - 20  
Area counted    - 4 X 1 = 4 square.mm 
Depth of fluid   - 0.1 mm  

Results and Discussion  

Table 1 and Fig.1 Represent the changes in 
the erythrocyte count of blood of fish 
Cyprinus carpio exposed to sublethal 
concentration of ammonia exposed fish for 
35 days. During the treatment, the 
erythrocyte count found to be decreased 
throughout the study period from 7 to 35 
days showing a percent decrease of -15.384, 
-30.00, -28.57, -26.531, -20.00 exposed to 7, 
14, 21, 28, and 35 days respectively. During 
7th day a minimum percent decrease of -
15.384 and a maximum percent decrease of -
30.00 on 14th day was also observed in 
ammonia exposed fish.  

Table 2 and Fig 2. Reveal the changes in 
leucocyte count of blood of fish Cyprinus 
carpio exposed to sublethal concentration of 
ammonia for 35 days. The WBC count was 
decreased throughout the study period 
showing a percent decrease of -25.257, -
35.37, -45.85, -46.501, -51.041 from 7 to 35 
days respectively. The minimum percent 
decrease on 7th day is -25.257 and a 
maximum percent decrease on 35th day is -
51.041. 

Ammonia is the main nitrogenous products 
excreted by teleost, and mainly excreted as 
the unionized form NH3 (Smith, 1929b). The 
term ammonia refers to two chemical 
species which are in equilibrium in water 
(NH3, Un-ionized form and NH4+, ionized 
form). Tests for ammonia usually measure 
total ammonia nitrogen (NH3 plus NH4+). 
The toxicity to ammonia is primarily 
attributable to NH3, as opposed to NH4+ and 
their equilibrium in water depending on pH 
and temperature (USEPA.1999). The 
toxicity of ammonia to fish and other 
aquatic organisms is primarily attributed to 
NH3 and most biological membranes are 
permeable to NH3, But relatively 
impermeable to NH4+ (Randall and Tsui, 
2002).  

Ammonia is a product of protein catabolism 
in animals and is one of the best known 
waste products with a direct and negative 
influence on fish and most fish do not 
produce urea due to the high energy cost as 
compared to excretion of ammonia via gills 
(Wood 1993). The toxicity of the total 
ammonia expressed as the sun of NH3 and 
NH4+ depends on the waste pH. Ammonia 
toxicity becomes un-ionized ammonia and is 
more toxic than ammonium ion. The 
importance of unionized ammonia was first 
recognized when it was observed that 
increased pH cause total ammonia to appear 
to be much more toxic. The portion of the 
un-ionized form more toxic increases as the 
pH increases (Randall and Tsui 2002). 
Increased level of un-ionized level of  
ammonia (NH3) in water cause an increases 
of its content in the blood of fish through 
diffusion and poisoning of the central nerves 
system (svobodova et al., 2007). However, 
Brinkman (2009) reported that chronic 
exposure in early life stages to ammonia 
concentrations as low of unionized ammonia 
nitrogen (UIAN) caused significant 
reductions in survival, growth and biomass. 



Int.J.Curr.Microbiol.App.Sci (2014) 3(12): 535-542   

538

 
Table.1 Changes in the red blood cell (RBC) count of  Cyprinus carpio exposed to sublethal 

concentration of ammonia for 35 days  

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

Table.2 Changes in the white blood cell (WBC) count 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  

   
S.NO EXPOSURE 

PERIOD 
CONTROL EXPERIMENT CHANGE 

% 
CALCULATED     
t  VALUE 

1  7

 
0.65 + 0.45 0.55  +  0.013 -15.384 0.91 

2 14 0.60 + 0.45 0.42 + 0.71 -30.00 2.4 
3 21 0.56 + 0.71 0.40 + 0.71 -28.57 2.57 
4 28 0.49 + 1.41 0.36 + 0.45 -26.53 1.24 
5 35 0.30 + 0.71 0.24 +1.013 -20.00 1.77 

S.NO EXPOSURE 
PERIOD 

CONTROL EXPERIMENT CHANGE 
% 

CALCULATED                         
t  VALUE 

1 7 14.61 + 0.70 10.92 + 0.43 -25.257 -1.18 

2 14 13.09 + 0.53 8.46  + 0.50 -36.37 -0.90 

3 21 12.91 + 0.57 6.99 + 0.34 -45.85 -0.59 

4 28 10.86 + 0.4 5.81 +  0.38 -46.501 -0.57 

5 35 10.09 + 0.71 4.94 + 0.39 -51.041 -0.39 
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A significant decrease in erythrocyte 
count, and leucocyte count was observed 
in the blood of Catfish as a response to 
24th exposure to increasing concentrations 
of nickel in water (Sobecka, 2001). He 
also suggested that the decrease in the 
number of circulating erythrocytes can be 
explained by a response of fish organisms 
to hormone increase as a result of stress 
caused by the presence of nickel. Exposure 
of Colisa fasciatus to sub lethal 
concentrations of lead produced hemolytic 
anemia due to lysis of erythrocytes with 
concomitant decrease in the Hb content, 
Ht value and the number of erythorcytes 
(Srivastava and Agarwal, 1979). It is well 
known that glycolsis concerned with the 
reduction of methemoglobin, thus 
maintaining the iron of the hemoglobin in 
the 2q ferrous form. In the present study 
during sublethal treatment decrease in 
erythrocytes count might be due to 
anemia, which acts as an indicator with 
subsequent result of inhibition of 
erythropoietin in the haemopoietic 
organisms.  

McLeay and Gordon (1997) reported that 
the variation in leucocyte count provide 
more sensitive index of stress than do 
changes in erythrocyte abundance. (Sen et 
al., 1992). Increase in WBC count in 
fishes exposed to chronic and lethal doses 
indicates leucocytosis, Sen et al. (1992) 
reported that significant increase in WBC 
count in Channa punctatus exposed to sub 
lethal doses of zinc. The above authors 
reported that the increase in WBC count in 
Oncorhynchus kisutch exposed to 
bleached Kraft pulp mill effluent and 
suggested removal of cell debris. Changes 
in WBC in response to stress have 
reported in many fishes. While an increase 
in WBC has been reported by (Nussey et 
al., 2002), a reduction has been reported 
under stress (Svobodova et al., 2007). 
Almost similar to the initial nitrite 
exposure groups. A similar increase in the 
WBC in response to nitrite was also 
reported in Mirgala (Das 2004). However, 
in that similar TLC s with subsequent 
exposure after nitrite concentration to that 
of control and experiment, concentration 
treatment groups indicated that the toxic 
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effect of nitrite on leucopoiesis did not 
persist (Nussey et al.,2002). Changes in 
leucocytes counts after exposure to 
pollutants may be associated to a decrease 
in nonspecific immunity of fish (Oliveira 
Riberiro et al., 2006). Although the 
response to environmental impacts varies 
with the type and severity of the stress, it 
often leads to a leucopenia, which is 
similar to the classic leucocytic response 
to stress in animals. In this study exposure 
of ammonia in fish blood of Cyprinus 
carpio results that significant decrease of 
WBC may be due to the manifestation of 
leucocytosis with heterophilia 
lymphopenia which are characteristics 
leucocytes responses in animals exhibiting 
stress.   
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