
Abbassa Int. J. Aqua., V0l.6 No.(2) 2013. 319-347 

NEGATIVE IMPACTS OF UN-IONIZED AMMONIA (NH3) ON 

HEALTH STATUS OF CULTURED OREOCHROMIS NILOTICUS 

Sherif, A.H.
1
; Soliman, H.A.

2
 and Heba, H. Elgharib

2
 

1
 Dep. Fish diseases 

2
 Dep. Pathology, Kafr El-Sheikh provincial lab, 

Animal Health Research Institute (AHRI),  

Agriculture Research Center (ARC) 

Received 8/ 9/ 2013 Accepted 15/ 10/ 2013 

Abstract 

In this study, the evaluation of the negative impacts of 

sub-lethal concentration of un-ionized ammonia (NH3) on the 

health status of Oreochromis niloticus (O. niloticus) had been 

conducted. Ninety O. niloticus fish were exposed to three levels 

of NH3 (0.05, 0.1 and 0.5 mg.l
-1

) for 14 days then NH3 were 

adjusted to the lowest level 0.05 mg.l
-1

 for another 14 days.      

O. niloticus was challenged against A. hydrophila at the end of 

the experimental period (28 days) to record mortality rates. 

Results recorded that resistance of O. niloticus was 

declined and high mortality rates against challenge A. hydrophila 

especially in group exposed to high concentration of NH3 (0.5 

mg.l
-1

). Decrease of RBCs, HB, PCV, MCV, MCH, MCHC, 

WBCs with increase in glucose and cortisol were observed along 

with increasing NH3 level. The phagocytic index and phagocytic 

assay showed lower values with 0.5 mg.l
-1 

group, while liver 

enzyme, urea and creatinine showed significant increase. The 

previous parameters came back to normal values after stopping 

exposure to high concentration of NH3. The histopathological 

examination revealed degeneration and necrosis in gills, liver 

and muscles. It could be concluded that clinical findings and 

histopathological lesion were varied according to change in the 

NH3 concentrations.  Also, it was found that the lesions were 

aggravated with the increasing of NH3 concentrations. Immune 

suppression caused by stress of NH3 lasted for a period of time 

after lowering the NH3 concentration during which O. niloticus 

were susceptible to bacterial diseases.  
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INTRODUCTION 

Fish primarily produce ammonia as a result of hepatic 

deamination of dietary amino acids, enzyme activity of gastrointestinal 

flora, nerve and muscle tissue metabolic activity (Fromm and Gillette 

1968; Redner and Stickney, 1979). Usually the toxic levels of NH3 

reports between 0.6 and 2 mg l
-1

after short time of exposure, while the 

maximum tolerable concentration seems to be 0.1 mg l
-1

. Under 

conditions of stress, the body of the fish emits immediate responses 

recognized as primary and secondary responses; the primary response is 

release of stress hormones (cortisol) (Randall and Perry, 1992). 

Secondary responses occur as a consequence of the released stress 

hormones (Barton and Iwama, 1991), causing an increase of plasma 

glucose (Begg and Pankhurst, 2004). The precise mechanism of ammonia 

poisoning in fish is unknown, but high aqueous ammonia increases blood 

and tissue ammonia levels, causing elevated blood pH, osmoregulatory 

disturbance, increased tissue oxygen consumption, and decreased blood 

oxygen transport (Schwedler et al., 1985). If fish are unable to excrete the 

metabolic waste product lead to rise in blood-ammonia levels causing 

damage to internal organs, (Thurston et al., 1978 and Daud et al., 1988). 

At higher levels (>0.1 mg.l
-1

 NH3) even relatively short exposures lead to 

skin, eye, and gills damage, Also it causes reduction in growth rate. The 

histopathological changes include gill hyperplasia, hemorrhage, and 

telangiectasia, as well as degenerative changes in the kidneys and liver 

(Thurston et al., 1978 and Daud et al., 1988). Exposure to sub-lethal NH3 

concentrations can also increase susceptibility to bacterial, fungal, and 

parasitic diseases (Amin et al., 1988). Ammonia exposure cause 

increased susceptibility to stress responses and immune mechanism 

impairment (Tomasso, 1994). EL-Shebly and Gad (2011) observed that 



Negative Impacts Of Un-Ionized Ammonia (NH3)  

On Health Status Of …… 

321 

ammonia concentrations of above 0.2 mg/L in fish ponds have a tendency 

to harm the fishes. 

So this study aimed to investigate the impacts of NH3 exposure on 

survival, haemogram, immunological status of O. niloticus.  

MATERIAL AND METHODS 

1-Experimental design: A total number of ninety apparently healthy    

O. niloticus were collected from private fish farm at El-Hamol - Kafr El-

Sheikh Governorate- weighing 50±3.5 gram. The fish were acclimated in 

fiberglass tanks at Kafr El-Sheikh provicinal lab, animal health research 

institute for 15 days to laboratory conditions. Fish were randomly 

distributed in glass aquarium (50 x 40 x 40 cm) containing about 60 liters 

of dechlorinated water and the water temperature was adjusted at 25±2.5 
o
C, as well as continuous oxygen supply by air pump. The fish were fed 

pelleted ration with daily percentage 3% of body weight six day per 

week. The fish were divided into 3 treatment control 1
st
, 2

nd
 and 3

rd
 (each 

treatment had 3 replicates exposed to different levels of NH3 control 

(didn't exceed 0.05), 0.1 and 0.5 mg.l
-1 

respectively. 

Experimental period divided into 2 phases (exposure and post 

exposure):-  

1
st
 phase (Exp): lasted for 14 days in which fish exposed to different 

levels of NH3.  

2
nd

 phase (P. Exp): lasted for 14 days after exposure period. 

The required level of ammonia was obtained by the addition of 

ammonium chloride NH4CL 4.7 and 23.5 g to obtain 0.1 and 0.5 mg.l
-1

 

NH3 respectively at the beginning of the test (Xu et al., 2005). Ammonia 

level was monitored using Hach kits to maintain constant level and the 

percentage of un-ionized ammonia added in water was calculated using 

the equation:-  



Sherif, A.H. et al. 

 
322 

NH3 = (total ammonia ×percentage of ammonia in the pH, 

temperature, ammonia relationship tables) / 100 (Emerson et al., 1975).  

2- Clinical and Post mortem examination of O. niloticus: The 

collected fish were clinically examined according to Amlacher (1970). 

They were examined for any abnormalities including exophthalmia, skin, 

erosion, ulcers, hemorrhages and detachment of scales. The collected fish 

were opened according to method described by Amlachar (1970) internal 

organs were exposed by making three cuts. First from infront of Anus 

through abdominal cavity toward the head. Second perpendicular to the 

first behind the bronchial cavity. Third cut ran from anus to head parallel 

to the lateral line then the abdominal wall was removed and internal 

organs were exposed.  

The survival rate percent was calculated as: 

Survival rate % = (Number of live fish in specific period / Total 

population during that period) x 100 

3-Haemogram analysis of O. niloticus: Red blood cell (RBCs) and 

White blood cell (WBCs) counts were counted by haemocytometer 

according to Stoskopf (1993). Blood hemoglobin (Hb) was assessed by 

cyanometahemoglobin method (Drubkin, 1964). In addition, M.C.V. 

Mean Corpuscular Volume, M.C.H. Mean Corpuscular hemoglobin and 

M.C.H.C. Mean Corpuscular hemoglobin concentration were calculated 

according to the formula mentioned by (Dacie and lewis, 1975). 

M.C.V. = (PCV / RBCs) x 10 as (fl). 

M.C.H. = (HB content gm/100ml/ RBCs) x 10 as (pg). 

M.C.H.C. = (HB content gm/100ml / PCV) x100 as (g/dl). 

 

4- Biochemical analysis of O. niloticus: Glucose was determined 

calorimetrically as mentioned by Trinder (1969) Cortisol was estimated 

using radio immunoassay technique according to the method of Pickering 
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and Potinger (1983) and Wedemyer (1970).The activity of the liver 

enzymes, Aspartate Amino Transaminase (AST) and Alanine Amino 

Transaminase (ALT) were determined according to (Reitman and 

Frankel, 1957). The activity of the serum creatinine were determined 

according to Henry (1974) and urea were determined according to Patton 

and Crouch (1977). 

5- Macrophage phagocyte indices: Leukocytes isolation was performed 

according to the method described by Faulmann et al. (1983) and 

phagocytic activities were determined according to Kawahara et al. 

(1991). Blood was collected from the caudal vessels by syringe moisten 

with heparin (100 IU/ml). 

Candida albicans (C. albicans) was prepared as 24 hours old 

culture, the number of C. albicans cells was counted for obtaining the 

required concentration 1x10
6
 yeast cells/ml. Separated peripheral blood 

leucocytes were adjusted to a concentration of 2.5 x 10
6
 viable cells/ml, 

then to each 1 ml volume of blood leucocytes adjusted C. albicans 

suspension was added, then incubated in an incubator (CO2 5-10 %) at 37 
0
C for one hour. Cover slips were stained with Giemsa stain. The 

phagocytic Assay was calculated according to the following equations:  

Phagocytic activity = No. of Ingesting phagocytes / total No. of 

phagocytes. 

Phagocytic index = No. of ingested C. albicans cells / No. of Ingesting        

phagocytes. 

6-Challenge test: After stopping the exposure to different levels of NH3 

a total number of 30 fish (10 fish from each treatment) were injected I/P 

with the locally isolated and identified pathogenic A. hydrophila which 

kindly obtained from fish diseases department, animal health research 

institute Doki (0.3 ml of 10
8
cells/ml) according to Schaperclaus et al. 
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(1992), the injected fishes were kept under observation for 14 day to 

record the mortality rate. 

Mortality rate MR% = (No. of death in specific period / Total 

population during   that period) x 100 

7-Histopathological examination: Tissue specimens were taken from 

sacrified fish ( gills, liver, spleen and kidneys) after 14 days of exposure 

to 0.05 , 0.1, 0.5 mg/ L ammonia , fixed in 10% buffered formalin , then 

processed to obtain 4 µ paraffin sections. Sections were stained with 

hematoxylin and eosin for microscopic examination according to 

(Bancroft et al., 1999). 

8-Statistical analysis: Duncan's Multiple Range Duncan (1955) was 

used to determine differences among means at significance level of 0.05. 

All statistics were run on the computer using the SPSS program (SPSS, 

2004). 

RESULTS 

1- Clinical examination of O. niloticus: 

Clinical findings of O. niloticus exposed to 0.5 mg.l
-1

 of NH3 

presented in (figures1&2) showed loss of appetite (presence of uneaten 

pellets), tail rot, blackening of skin and congested gills which indicated 

that O. niloticus were subjected to stress conditions. O. niloticus exposed 

to 0.05, 0.1 mg.l
-1

 of NH3 showed normal clinical condition comparing 

with group exposed to 0.5 mg. l
-1

 of NH3. 

Data presented in Table (1) showed that survival rate of              

O. niloticus was lowered after 14 days of exposure to 0.5 mg. l
-1

 of NH3 

than those had exposed to lower concentrations of NH3 0.05 and 0.1 mg.l
-

1
. Even after decreasing the concentrations level of all groups to 0.05 

mg.l
-1

 of NH3 still O. niloticus exposed to 0.5 mg.l
-1

 of NH3 had the 

lowest survival rate.  
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Table (1): Survival rate of experimental O. niloticus exposed to different 

levels of NH3 for 14 days (1
st
 phase).  

Item 

Exp P. Exp 

No* Survival % No Survival % 

NH3   

0.05 mg.l
-1

 
30 30 100 24 22 91.67 

NH3   

0.1 mg.l
-1

 
30 22 73.33 19 17 89.5 

NH3   

0.5 mg.l
-1

 
30 18 60 15 12 80 

*No= total number of O. niloticus in group. 

 

Table (2): Haemogram of O. niloticus exposed to different NH3 

concentrations (mean ± SE). 

Item 
0.05 mgl

-1
 0.1 mgl

-1
 0. 5 mgl

-1
 

Exp P. Exp Exp P. Exp Exp P. Exp 

RBC 

(X10
6
/mm

3
) 

2.68
a
 

±0.04 

2.55
ab

 

±0.03 

2.17
c
 

±0.07 

2.56
ab

 

±0.06 

1.87
d
 

±0.06 

2.44
b
 

±0.9 

WBC 

(X10
3
/mm

3
) 

70.9
a
 

±0.9 

64.9
b
 

±1.2 

60.6
c
 

±0.9 

61.27
c
 

±0.6 

52.9
d
 

±1.2 

58.4
c
 

±1.3 

HB (g/dl) 
9.53

a
 

±0.16 

9.35
a
 

±0.18 

7.4
b
 

±0. 3 

9.2
a
 

±0.18 

5.9
c
 

±0.3 

9
a
 

±0.11 

PCV % 
30.7

a
 

±0.3 

28.8
b
 

±0.18 

25.8
c
 

±0.26 

26.4
c
 

±0.35 

19.27
d
 

±0.6 

26.23
c
 

±1.6 

MCV(fl) 

 

114.5
ab

 

±0.6 

113.2
ab

 

±1.1 

118.9
a
 

±4.6 

103.4
c
 

±2.26 

103.2
c
 

±0.96 

107.7
bc

 

±0.09 

MCH (pg) 
35.6

ab
 

±0.5 

36.7
ab

 

±1.1 

36.1
ab

 

±2.65 

36
ab

 

±2.5 

32
b
 

±1.4 

36.9
a
 

±0.8 

MCHC (g/dl) 
31

bc
 

±0.5 

32.3
ab

 

±0.8 

28.7
c
 

±1.46 

34.8
a
 

±1.15 

30.9
bc

 

±0.7 

34.3
a
 

±0.8 

Group with different letter within the same raw are significantly different at P .0.0 > . Hb = 

Hemoglobin, PCV= Packed Cell Volum, MCV= Mean Corpuscular Volum, MCH= Mean 

Corpuscular hemoglobin and MCHC = Mean Corpuscular hemoglobin concentration. 

2-Blood examination of O. niloticus subjected to different NH3 

concentrations:  

Data represented in Table (2) showed that O. niloticus exposed to 

0.5 mg.l
-1 

had suffered from haemolytic anaemia ,the haemogram 

analyses revealed significant decrease of RBCs, HB, PCV, MCV, MCH, 
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MCHC, WBCs compared with other groups. Fish exposed to 0.5 mg.l
-1

 

of NH3 had failed to restore normal values after 14 days of post exposure.  

3-Biochemical analysis and phagocytic index & assay: 

Results presented in Table (3) showed significant effect of NH3 on 

stress responses. Cortisol and glucose levels had increased by exposure to 

different NH3 concentrations, the significant highest level recorded by   

O. niloticus exposed to 0.5 mg.l
-1

. There is no significant difference 

between 0.05 and 0.1 mg.l
-1

groups after stopping the exposure.  

Table (3): Serum glucose, cortisol, phagocytic index & assay, liver 

enzyme creatinine and urea of O. niloticus exposed to 

different NH3 concentrations (mean ± SE). 

Item 
0.05 mg.l

-1
 0.1 mg.l

-1
 0. 5 mg.l

-1
 

Exp P. Exp Exp P. Exp Exp P. Exp 

Glucose (mg/dl) 
72.3

c
 

±1.45 

74.3
bc

 

±1.2 

76.7
b
 

±1.4 

78
b
 

±1.53 

89
a
 

±0.6 

77.7
b
 

±1.2 

Cortisol (μg/dl) 
0.8

b
 

±0.01 

0.82
c
 

±0.006 

0.99
bc

 

±0.04 

0.88
bc

 

±0.06 

1.71
a
 

±0.1 

0.9
b
 

±0.12 

PI 
2.33

 a
 

±0.67 

2.33
 a
 

±0.33 

1.67
 a
 

±0.33 

2.67
 a
 

±0.33 

1.33
 a
 

±0.33 

1.67
 a
 

±0.33 

PA 
39.3

b
 

±0.46 

38.2
 b

 

±0.37 

33.7
c
 

±0.39 

43
a
 

±0.25 

24.5
d
 

±0.38 

33.3
c
 

±0.12 

ALT (U/l) 
6.3

c
 

±0.33 

8.67
b 

±0.67 

8.7
b 

±0.88 

8.7
b
 

±0.33 

11.7
a
 

±0.33 

8.7
b
 

±0.67 

AST (U/l) 
24.7

d
 

±1.76 

32.3
c
 

±0.33 

38
b
 

±0.6 

35.3
bc

 

±0.33 

42.3
a
 

±1.3 

35
bc

 

±1.15 

Creatinine 

(mg/dl) 

0.75
c
 

±0.02 

0.76
c
 

±0.03 

0.96
b
 

±0.07 

0.81
c
 

±0.02 

1.43
a
 

±0.12 

0.86
b
 

±0.03 

Urea (mg/dl) 
4.0

c
 

±0.33 

4.3
c
 

±0.33 

6.3
b
 

±0.33 

4.3
c
 

±0.33 

7.5
a
 

±0.29 

5.7
b
 

±0.33 

Group with different letter within the same raw are significantly different at P .0.0 > . 

PI=Phagocytic index, PA= phagocytic assay, Alt= Alaninamino Transaminrase and Ast= 

Aspartate Transaminase enzyme. Significant at (p ≤ 0.05). 

Raising NH3 concentration had an adverse effect on phagocytic 

index and assay the lowest recorded value in O. niloticus exposed to 0.5 

mg.l
-1

 NH3.  
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liver enzymes showed that O. niloticus subjected to 0.5 mg.l
-1

 had 

the highest ALT and AST level(11.7 U/l and 42.3 U/l) respectively, these 

level decreased significantly after stopping exposure to high level of NH3 

(8.7 U/l and 35.4 U/l) respectively. Creatinine and urea values indicated 

that high level of NH3 had an adverse effect on kidneys function and gills 

respectively. O. niloticus subjected to 0.5 mg.l
-1

 had the highest value 

recoded of creatinine and urea 1.43 mg/dl and 7.5 mg/dl respectively.  

4- Challenge test of O. niloticus subjected to different NH3 

concentrations: 

Findings presented in Table (4) concerning to mortality rate of     

O. niloticus after 14 days of stop the exposure to 0.05, 0.1 and 0.5 mg.l
-1 

NH3 and injected I/P with A. hydrophilla. The last two groups had the 

highest mortality rate compared with O. niloticus exposed to lower 

concentration 0.05 mg.l
-1

 indicating adverse effect of NH3 on the ability 

of O. niloticus to resist bacterial diseases even after lowering the level of 

NH3 to 0.05 mg.l
-1

.  

Table (4): Challenge against A. hydrophilla of O. niloticus after 14 days 

of post exposure to different NH3  concentrations (2
nd

 phase). 

Item Total No. Dead No. Sur % MR % 

1
st
 10 7 30 70 

2
nd

 10 8 20 80 

3
rd

 10 10 0 100 

1st, 2nd and 3rd = groups of O niloticus previously exposed to 0.05, 0.1 and 0.5 mg.l-1 Total no. = 

Total number of fish, Dead no. =Dead number, Sur %= Survival rate. 

5- Histopathological examination of O.niloticus subjected to different 

NH3 concentrations: 

In toxicity of O.niloticus with ammonia the most pathological 

changes appeared in gills, liver, kidney, spleen and muscles.  
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Gills of O. niloticus exposed to 0.5 mg.l
-1

 of NH3 showed 

congestion in blood vessels, infiltration with inflammatory cells, 

degeneration and necrosis in epithelium lining lamella with telengectasis, 

some lamella was eroted (Fig. 4), other lamella showed hyperplasia 

(bladder like shaped) (Fig.5), some gills showed increase in chloride cells 

(Fig. 6), other lamella revealed fusion in tips associated with increase in 

number of chloride cells (Fig.7). Liver showed the main hepatic lessions 

of O. niloticus exposed to 0.5 mg.l
-1

 of NH3 congestion in hepatic blood 

vessels and sinusoid, haemorrhag, focal infiltration with inflammatory 

cells (Fig.8), increase melonomacrophage center, severe vacuolar 

degenerative changes in hepatocytes were observed, other hepatocyte 

showed necrosis (Fig.9). Kidneys of group (3) given ammonia with high 

dose (0.5 mg.l
-1

) revealed congestion of renal blood vessels, haemorrhage 

in between renal tubules (Fig.10) , some glomeruli showed edema other 

revealed shrinkage glomerular tuffet, some  renal tubules showed 

degeneration and necrosis of its epithelial lining , other tubules revealed 

complete sloughing of its epithelium lining. (Fig.11). The 

histopathological finding of muscules showed splitting of muscle fiber 

and zenker necrosis (Fig.12 &13). Spleen of fish given high dose of 

unionized ammonia revealed congestion in splenic blood vessels and 

increase in number of melanomacrophage center (Fig.14).  

 

 

 

 

 



Negative Impacts Of Un-Ionized Ammonia (NH3)  

On Health Status Of …… 

329 

  

Fig. (1) Fig. (2) 

 

 

 

 Fig. (3)  

 

Fig. (1): O. niloticus exposed to0.5 mg.l
-1

 NH3 showed tail rot.  

Fig. (2): O. niloticus exposed to0.5 mg.l
-1

 NH3 had haemorahagic spots 

on liver,spleenomegaly      and distended gallbladder. 

Fig. (3): O. niloticus exposed to 0.5 mg.l
-1

 NH3 showed swelled 

gallbladder and friable liver. 
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Fig. (4) Fig. (5) 

  

Fig. (6) Fig. (7) 

Fig. (4): Gills of O. niloticus exposed to 0.5 mg.l
-1

 NH3 showing 

degeneration and necrosis in epithelial lining secondary 

lamellae. H&E (X 100) 

Fig. (5): Gills of O. niloticus exposed to 0.5 mg.l
-1

 NH3 showing 

hyperplastia (baldder like strcture) with epithelium cells lifting. 

H&E (X 400) 

Fig. (6): Gills of O. niloticus exposed to 0.5 mg.l
-1

 NH3 showing increase 

in chloride cells. H&E (X 400) 

Fig. (7): Gills of O. niloticus exposed to 0.5 mg.l
-1

 NH3 showing fusion 

in tips of secondary lamellae and increase in chloride cells in 

tips of of secondry lamellae. H&E (X 200). 
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Fig. (8) Fig. (9) 

  

Fig. (10) Fig. (11) 

Fig. (8): Liver of O. niloticus exposed to 0.5 mg.l
-1

 NH3 showing 

infiltration with inflammatory cells in between  hepatocyte . 

H&E (X 100) 

Fig. (9): Liver of O. niloticus exposed to 0.5 mg.l
-1

 NH3 showing severe 

vacuolar degeneration of hepatocyte. H&E (X 200) 

Fig. (10): Kidneys of O. niloticus exposure to 0.5 mg.l
-1

 NH3 showing 

hemorrhage in between   renal tubules, degeneration and 

necrosis in renal tubule. H&E (X 200) 

Fig. (11): Kidneys of O. niloticus exposed to 0.5 mg.l
-1

 NH3 showing 

edema in glomeruli, degeneration and necrosis in renal tubule 

and necrosis of melanomacrophage center. H&E (X 100) 
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Fig. (12) Fig. (13) 

 

Fig. (14) 

 

Fig. (12): Muscules of O. niloticus exposed to 0.5 mg.l
-1

 NH3 showing 

splitting of muscle fiber. H&E (X 200) 

Fig. (13): Muscules of O. niloticus exposed to 0.5 mg.l
-1

 NH3 showing 

zenker necrosis. H&E (X 100) 

Fig. (14): spleen of O. niloticus exposed to 0.5 mg.l
-1

 NH3 showing 

congestion in blood vessels and increase number of 

melanomacrophage center. H&E (X 100) 
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DISCUSSION 

Unionized form of ammonia is the most toxic form to aquatic 

organism, it can diffuse through cell membranes and it is highly soluble 

in liquids. It can cause impairment of cerebral energy metabolism, 

damage to gill, liver, kidney and spleen in fish, crustaceans and mollusks 

(smart, 1978). It is nitrogenous waste product of fish, also it is the main 

nitrogenous waste material excreted by gills (De Croux et al., 2004). 

While Uzukwu (2013) mentioned that ammonia is a product of fish 

metabolism and is secreted across fish gills and also generated as a result 

of decomposition of fish faeces and uneaten feeds and in the absence of 

sufficient oxygen become toxic to fish. 

Clinical findings of O. niloticus exposed to 0.5 mg.l
-1

 of NH3 

showed loss of appetite (presence of uneaten pellets), tail rot and 

blackening of skin while post mortem examination showed congested 

gills, haemorrhages in liver, distended gall bladder and spleenomegally.  

These results had nearly the same those obtained by Evans et al. 

(2006) who mentioned that with increased concentrations and duration of 

NH3 exposure, fish became more lethargic and anorexic. Also,            EL-

Shebly and Gad (2011) observed changes in color of fish skin and eye 

subjected to NH3 toxicity 0.4 and 0.6 mg.l
-1

 and also Ortega et al. (2005) 

agreed with our findings as they mentioned that ammonia toxicity had 

impacts on fish behavioral changes, hyper excitability and appetite 

suppression. Also Miyazaki et al. (1984) agreed with our results as they 

stated that clinical and postmortem finding, showed that different sized 

fish were suffered from tail and fin rot, dark body coloration which may 

be related to the poor water quality and pseudomonas florescence 

infection (fin rot disease). 

Mortalities could be explained by findings of Stein-Behrens and 

Sapolsky (1992) who stated that tissue damage has been observed in 

salmons, where high levels of cortisol cause death in Pacific salmon 
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Oncorhynchus spp by tissue degeneration and damage of homeostatic 

mechanisms. Results obtained by Evans et al. (2006) agreed with our 

findings as they mentioned that Nile tilapia exposed to sub-lethal NH3 

0.32 mg.l
-1

 experienced sustained mortalities, resulting in cumulative 

mortalities of 86% for exposed fish and cumulative mortalities of 62% 

for control fish over 21days mortality data were not significantly 

different between the groups. Similar results obtained by EL-Shebly and 

Gad (2011) who observed accumulative mortalities of O. niloticus 23.7% 

and 43.3% occurred within 0.4 mg.l
-1

 NH3) and 0.6 mg.l
-1

 NH3.  

Hematological changes in fish may be used for assessing the 

effects of contaminants, because blood parameters respond to low doses 

of pollutants as fishes exposed to metals, pesticides and effluents exhibit 

hematological changes, not only after laboratory exposure, but also when 

the exposure occurs in the field (Seriani et al., 2010). 

Data presented showed significant decrease in blood parameters 

after 14 days post exposure to high NH3 concentration. Similar results 

obtained by (Atle et al., 2004 and El-sherif et al., 2008) as they stated 

that the average PCV(%) in the experimental groups was decreased with 

the increase of NH3 concentrations and it was evident that Nile tilapia 

were anemic. Also, Ahmed et al. (1992) found that Nile tilapia exposed 

to ammonia had decrease number of RBCs count and haemolytic 

anaemia, leading to a significant reduction in blood oxygen content, 

which enhances ammonia toxicity. On the other hand, Hrubinko et al. 

(1996) found that Hb level had increased when exposed to ammonia 0.1 

mg.l
-1

 these different findings may be due to short period of exposure. 

Decrease WBCs count indicated that immunity was suppressed similar 

results obtained by (Pickering, 1984) stated that a reduced number of 

leukocytes -kind of response- were observed in described as a result of 

environmental stress. Also Seriani et al. (2011) mentioned that on the 
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long term, the persistence of a stress condition lead to the suppression of 

the leukopoietic centers, replacing the initial leukocytosis by leucopenia 

Concerning glucose and cortisol levels, they showed significant 

increase then return to normal after stopping the exposure to ammonia. It 

has been suggested that after stress, the cortisol levels of fishes return to 

basal levels to avoid tissue damage (Bonga, 1997). These results agreed 

with findings of Davis and McEntire (2006) who mentioned that in 

experiments of acute stress, the cortisol response is rapid but regularly 

becomes weak or disappears some hours after the exposure to stress. 

While, it has been established that exposure of fish to sub-lethal levels 

NH3 increases the subsequent resistance of the fish to lethal 

concentrations of NH3, although the effect has only been observed to last 

for 2-3 days and is disappeared  after 3 days (Lloyd and Orr, 1969). 

Cortisol could attribute to mobilize and elevate glucose 

production in fish through glucogenesis and glycogenolysis pathways 

(Iwama et al., 1999) to cope with the energy demand produced by the 

stressor. Exposure to sub-lethal NH3 levels also increases tolerance to 

ammonia toxicity (Thurston et al., 1981). Evans et al. (2006) who 

mentioned that increased concentrations and duration of NH3 exposure, 

fish blood glucose levels increased significantly. 

Porchas et al. (2009) reported that cortisol and glucose cannot be 

eliminated from the stress indicators list, but due to their high variability 

they must be complemented with other measurements such as blood-cell 

counts (preferably in chronic experiments), in order to have a more 

complete profile about the stress status of any fish. NH3 levels greater 

than 1- 2 mg.l
-1

 are usually lethal within 1-4 days (Meade, 1985) below 

this level, fish might not die, but they will be stressed (Noga, 2010).  

Raising NH3 concentration had an adverse effect on phagocytic 

index and assay the lowest recorded value in O. niloticus exposed to NH3 

0.5 mg.l
-1

. Even the group exposed to the lowest concentration NH3 0.05 
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mg.l
-1

 had decreased in phagocytic activities with increasing the period of 

exposure. These results could explain that fish had become anorexic, 

lowering the WBCs count and fish were under stress condition. Chronic 

ammonia poisoning lowers disease resistance (Walters and Plumb, 1980). 

In this study the effect of NH3 on liver enzymes showed that O. 

niloticus subjected to 0.5 mg.l
-1

 of NH3 had the highest ALT and AST 

level and had decreased significantly after stopping exposure to high 

level of NH3. Inhibition and induction of biomarkers –liver enzymes- is a 

good approach to measure potential impacts of pollutants on 

environmental organisms (El-Shehawi et al., 2007). These results 

coordinate with findings of Abbas (2006) stated that liver enzyme of 

Cyprinus carpio fingerlings; ALT and AST were decreased significantly 

after 6 hours of exposure to 0.93 mg.l
-1

 NH3-N at pH7.5 then increased 

till the end of the experiment 7 days. These increases in liver enzymes are 

an indication of tissue necrosis (Niels et al., 1998). 

Creatinine values indicated that high level of NH3 had an adverse 

effect on kidneys function as shown with O. niloticus subjected to 0.5 

mg.l
-1

 had the highest value recoded of creatinine 1.43 mg/dl. 

Disfunction of kidneys and leakage of these enzymes from injured tissue 

into blood stream (Salah El-Deen, 1999). Also Abass (2006) stated that 

the physiological and biochemical changes expressed of fish exposed to 

ammonia toxicity could be due to generalized organ system failure perior 

to death. 

O. niloticus subjected to 0.5 mg.l
-1

 had the highest serum urea 

level 7.5 mg/dl indicating damages in gills The gills is the main organ of 

excretion of urea  rather the kidney (Stoskoph, 1993) so the elevation of  

urea could indicate dysfunction of the gills.   

 Concerning to mortality rate of O. niloticus which previously had 

exposed to 0.05, 0.1 and 0.5 mg.l
-1 

of NH3 and injected I/P with       A. 

hydrophilla. The last two groups had the highest mortality rate compared 
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with O. niloticus exposed to lower concentration 0.05 mg.l
-1

 indicating 

adverse effect of NH3 on the ability of O. niloticus to resist bacterial 

diseases.  

The same results obtained by Walters and Plumb (1980) who 

stated that chronic ammonia poisoning lower disease resistance. Barton 

(2002) reported that systemic changes in which animals may become 

incapable of adapting to stressors, lead to adverse effects on the animal's 

overall health , including their performance, disease resistance, and 

behavior. Also, Seriani et al. (2011) showed that blood immunological 

responses tend to be fast and may weaken the defense system, causing the 

animals to be more susceptible to opportunistic diseases. Also they added 

that the use of immunological biomarkers, together with toxicity tests, 

can be useful to evaluate the health of fish populations exposed to 

contaminated waters. 

In the present study the histopathological examination of gills 

showed degeneration and necrosis in epithelial lining lamellae, fusion 

between some secondry lamellae, hyperplasia in lamellae with lifting its 

epithelial lining and telengecyasis, all groups of our studies showed 

nearly the same lesion recorded in three groups of  O.niloticus given  

dose of ammonia (0.05, 0.1 and 0.5 mg.l
-1

 NH3)  but differ in severity 

according to the dose of NH3 given to fishes. 

Our result incoordinated with those obtained by El-Shably et al. 

(2011) who recorded that slight pathological alteration in gills of             

O. niloticus exposure to (0.1 mg.l
-1

 NH3) while other two group of fish 

exposure to (0.2 and 0.4 mg.l
-1

 NH3) showed severe hyperplasia of gills 

(bladder like) with lifting its epithelium lining, fusion between lamellae, 

congestion in blood vessels. Also El - Sherif et al. (2008) reported that 

the pathological changes in gills differ in its severity according to the 

dose of NH3 given to fish and hyperplasia in secondry lamellae of gills, 

degeneration and necrosis in its lining epithelial. Koca et al. (2005) 
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reported that cellular proliferation developed with secondary lamellae 

fusion, ballooning degenerations or club deformation of secondary 

lamellae of Lepomis gibbosus exposed to chemical ammonia. Krik and 

Lewis (1993) reported that the gills of rainbow trout exposed to (0.1 mg.l
-

1
) ammonia for 2 hours revealed deformity in lamellae. Smith and Piper 

(1975) reported that the gills lesions may cause reduced oxygen diffusion 

across membrane and predispose fishes to bacterial infection. Concerning 

to histopathological examination of liver of O. niloticus exposed to (0.05, 

0.1 and 0.5 mg.l
-1

 NH3) showed  congestion of blood vessels and 

sinousoid, focal infiltration with inflammatory cells, increase in 

melanomacrohage center , vacuolar degeneration and necrosis  of 

hepatocyte the severity of pathological alteration differ according to the 

dose given , the same result recorded by (El-Sherif et al., 2008; Saber et 

al., 2004 and Thurstone et al., 1984), the damage of hepatocyte  

confirmed by increase level  of  liver enzyme in serum  . 

In the present study the histopathological examination of kidney 

revealed congestion in blood vessels, hemorrhage in between renal 

tubule, edema in some glomeruli and shrinkage in other and degeneration 

and necrosis in renal tubules. nearly the same result reported by  

Thurstone et al. (1984) , but our result disagree with El-Sherif et al. 

(2008) who recorded hyaline degeneration  in renal tubules and thrombus 

formation in renal blood vessels. The pathological changes in kidney 

tissue associated with increase in urea and creatinine level in serum of 

O.niloticus exposed to different concentration of unionized ammonia. 

Microscopical examination of muscule of fish exposure to (0.05, 0.1 and 

0.5 mg.l
-1

 NH3) showed splitting of muscle fiber and zenker necrosis in 

muscule. Koca et al. (2005) recorded that the chemicals ammonia cause  

 focal necrosis, cellular dissolution, and a decline or loss of striation in 

muscle fibers were seen. Taylor (2000) has shown that elevated ammonia 

levels in body of fish result muscle depolarization which will turn reduce 

the swimming performance. Our result reported increase in number of 
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melanomacrophage center in spleen, Ferguson (1989) recorded that 

increase in numbers of melanomacrophage center in spleen of fish 

exposed to polluted water. 

CONCLUSION 

It could be concluded that O. niloticus exposed to sub-lethal 

concentration of NH3 had suffered from haemolytic anaemia and raised 

stress responses. Post exposure of O. niloticus to NH3 stress fish did not 

restore normal physiological and immune status immediately. So 

aquaculturist must be aware that fish still under condition suitable for 

opportunistic pathogens.  

REFERENCES 

Abbas, H.H. 20060 Acute toxicity of ammonia to common carp 

fingerlings Cyprinus carpio at different pH levels. Pakistan 

Journal of Biological Sciences, 9 (12): 2215-2221. 

Ahmed, N.A.; S.S. El-Serafy; A.A.M. El-Shafey and N.H. Abdel-Hamid. 

1992. Effect of ammonia on some haematological parameters of 

Oreochromis niloticus. Proceedings of Zoological Society of 

Arab Republic of Egypt, (23): 155–160. 

Amin, N.E.; I.S. Abdallah; M. Faisal; M.S. El-Easa; T. Alaway and S.A. 

Alyan. 1988. Columnaris infection among cultured Nile tilapia 

Oreochromis niloticus. Antonie Van Leeuwenhoek, 54: 509–520. 

Amlacher, E. 1970. Text book of fish disease. T.E.S publication, New 

Jersey, USA, pp. 117-135. 

APHA. 2000. American Public Health Association Standard method for 

the examination of water and waste water 18
th

 ed. 

Atle, F.; S.I. Siikavuopio; B.S. Saether and T.H. Evensen. 2004. Effect of 

chronic ammonia exposure on growth in juvenile Atlantic cod. 

Aquaculture, 237: 179-189. 



Sherif, A.H. et al. 

 
340 

Bancroft, D.J.; C.H. Cook; R.W. Stirling and D.R. Turer. 1999. Manual 

of histological techniques and their diagnostic applications. 

Churchill Livingstone, Edinburgh. U.K. 

Barton, B.A. 2002. Stress in fishes a diversity of responses with 

particular reference to changes in circulating corticosteroids. 

Integer. Comp. Biol., 42: 517–25. 

Barton, B.A. and G.K. Iwama. 1991. Physiological changes in fish from 

stress in aquaculture with emphasis on the response and effects of 

corticosteroids.Annu. Rev. Fish Dis., 1: 3–26.  

Begg, K. and N.W. Pankhurst. 2004. Endocrine and metabolic responses 

to stress in a laboratory population of the tropical damselfish 

Acanthochromis polyacanthus. Journal of Fish Biology, 64: 133–

145. 

Bonga, S.E. 1997. The stress response in fish. Physiol Re., 77: 591-625. 

Dacie, J.V.  and S.M. lewis. 1975. (Practical Haematology.) London, 

Churchill. Livingstone.   

Daud, S.K.; D. Hasbollah and A.T. Law. 1988. Effects of unionized 

ammonia on red tilapia (Oreochromis mossambicus ×                 

O. niloticus hybrid) fry, p. 411 – 413. In R.S.V. Pullin, T. 

Bhukaswan, K. Tonguihai and J. L. Maclean (eds.) The second 

International Symposium on Tilapia in Aquaculture. 

Davis, J.K. and M.E. McEntire. 2006. Comparison of the cortisol and 

glucose stress response to acute confinement and resting insulin-

like growth factor-I concentrations among white bass, striped 

bass and sunshine bass. Aquaculture America Book of Abstracts 

p 79. 

De Croux, P.; M. Julieta and A. loteste. 2004. lethal effects of elevated 

pHand ammonia on juveniles of neotropical fish Colosoma 



Negative Impacts Of Un-Ionized Ammonia (NH3)  

On Health Status Of …… 

341 

macropomum (pisces,Caracidae). J. Environ.Biol. Jan, 25 (1): 7-

10. 

Drubkin, D. 1964. Spectrophotometeric methods XIV. The crystographic 

and optical properties of the haemoglobin of man in comparison 

with those of other species. J. Biol. Chem., 164, 703-723. 

Duncan, D.B. 1955. Multiple range and multiple “F” test. Biometrics, 

11:10. 

EL-Shebly, A.A. and H.M. Gad. 2011. Effect of chronic ammonia 

exposure on growth performance, serum growth hormone (GH) 

levels and gill histology of Nile tilapia O. niloticus. J. Microbiol. 

Biotech. Res., 1 (4):183-197. 

El-Shehawi, A.M.; F.K. Ali and M.A. Seehy. 2007. Estimation of water 

pollution by genetic biomarkers in tilapia and catfish species 

shows species-site interaction. Afr. J. Biotechnology, (6): 840-

846. 

El-Sherif, M.S.; El-Feky and M. Amal. 2008. Effect of ammonia on Nile 

tilapia O. niloticus performance and some hematological and 

histological measure. 8th International Symposium on Tilapia in 

Aquaculture, )1): 513-530. 

Emerson, K.R.; R.C. Russo; R.E. Lund and R.V. Thurston. 1975. 

Aqueous ammonia equilibrium calculations: effect of pH and 

temperature. J. Fish Res. Board Can., 32: 2379-2383. 

Evans, J.J.; D.J. Park; G.C. Brill and P.H. Klesius. 2006. Un-ionized 

Ammonia Exposure in Nile Tilapia: Toxicity, Stress Response, 

and Susceptibility to Streptococcus agalactiae.  North American 

Journal of Aquaculture, 68: 23–33. 

Faulmann, E.; M.A. Cuchens; C.K. Lobb; N.W. Miller and L.W. Clem. 

1983. Culture system for studying in vitro mitogenic responses of 



Sherif, A.H. et al. 

 
342 

channel catfish lymphocytes transactions of the American 

fisheries Society. 112: 673-679. 

Ferguson, H.W. 1989. systemic pathology of fish. Atext and atlas of 

Comparative tissue responses in disease of teleosts. Iowa state 

Univ. Press/Ames. 

Fromm, P.O. and J.R. Gillette. 1968. Effect of ambient ammonia on 

blood ammonia and nitrogen excretion of rainbow trout (Salmo 

gairdneri). Comparative Biochemistry and Physiology 26: 887–

896. 

Henry, R.J. 1974. Clinical Chemistry, Principles and Techniques. 2nd 

Edn., Harper and Row, Hagerstown, MD, USA., P: 525.  

Hrubinko, V.V.; O.S. Smolskyi and O.F. Iavonenko. 1996. Changes in 

the blood morphofunctional characteristics of cyprinid fishes in 

ammonia poisoning. Fiziol Zh., 42 (1-2): 40-6. 

Iwama, G.K., M.M. Vijayan; R.B. Forsyth and P.A. Ackerman. 1999. 

Heat shock proteins and physiological stress in fish. American 

Zoologist, 39: 901-909. 

Kawahara, E.T.; K.N. Lieda and S.M. Nomura. 1991. In vitro phagocytic 

activity of white-spotted char blood cells after injection with 

Aeromonas sa/monicida extra cellular products. Gyobyu KenKyu, 

26: 213-214. 

Koca, Y.B.; S. Koca; S. Yildiz; B. Gurcu; E. Osanç; O. Tunçbaş and G. 

Aksoy. 2005. Investigation of histopathological and cytogenetic 

effects on Lepomis gibbosus (Pisces: Perciformes) in the Cine 

stream (Aydin/Turkey) with determination of water pollution. 

Environ Toxicol.  Dec., 20 (6): 560-71. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Koca%20YB%5BAuthor%5D&cauthor=true&cauthor_uid=16302173
http://www.ncbi.nlm.nih.gov/pubmed?term=Koca%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16302173
http://www.ncbi.nlm.nih.gov/pubmed?term=Yildiz%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16302173
http://www.ncbi.nlm.nih.gov/pubmed?term=G%C3%BCrc%C3%BC%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16302173
http://www.ncbi.nlm.nih.gov/pubmed?term=Osan%C3%A7%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16302173
http://www.ncbi.nlm.nih.gov/pubmed?term=Tun%C3%A7ba%C5%9F%20O%5BAuthor%5D&cauthor=true&cauthor_uid=16302173
http://www.ncbi.nlm.nih.gov/pubmed?term=Aksoy%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16302173
http://www.ncbi.nlm.nih.gov/pubmed/16302173


Negative Impacts Of Un-Ionized Ammonia (NH3)  

On Health Status Of …… 

343 

Krik, R.S. and J. Lewis. 1993. An evaluation of pollutant induced 

changes in the gills of rain bow trout using scanning electrone 

microscope. Enviro. Technol., 14: 577-585. 

Lloyd, R. and L.D. Orr. 1969. The diuretic response by rainbow trout to 

sub-lethal concentrations of ammonia. Water Res. 3: 335-344. 

Meade, J.W. 1985. Allowable ammonia for fish culture. Progressive 

Fish-Culturist., (47): 135-145. 

Miyazaki, T.; S.K. Kubota and T. Miyashita. 1984. A histopathological 

study of Pseudomonas fluorescence infection in tilapia. Fish 

Patholol., 19: 161-166. 

Niels, E.V.; B. Korsgaard and F.B. Jenson. 1998. Isolated and combined 

exposure to ammonia and nitrite in rainbow trout Oncorhynchus 

mykiss: Effect on electrolyte status, blood respiratory properties 

and brain glutamine/glutamate concentrations. Aquatic Toxicol., 

41: 325-342. 

Noga, E.J. (2010): Fish disease diagnosis and treatment. Wiley-

Blackwell Publication.  2
nd

 edition (7): 91-96. 

Ortega, V.A.; K.J. Renner and N.J. Bernier. 2005. Appetite-suppressing 

effects of ammonia exposure in rainbow trout associated with 

regional and temporal activation of brain monoaminergic and 

CRF systems. J. Exp. Biol., 208: 1855-1866. 

Patton, G.J. and S.R. Crouch. 1977. “Determination of urea (urease 

modified Berthelot reaction” Anal. Chem., 49: 464-469. 

Pickering, A.D. 1984. Cortisol-induced lymphocytopenia in brow trout, 

Salmo trutta L. Gen.Comp. Endocr., 53: 252-259. 

Pickering, A.D. and P. Pottinger. 1983. Seasonal and diet changes in 

plasma cortisol levels of the brown trout, Salmo trutta L. Gen. 

Corn. Endocrinol., 49: 232-239.  



Sherif, A.H. et al. 

 
344 

Porchas, M.M.; L.R.M Cordova and R.R. Enriquez. 2009. Cortisol and 

Glucose: Reliable indicators of fish stress?. Pan-American 

Journal of Aquatic Sciences, 4 (2): 158-178 

Randall, D.J. and S.F. Perry. 1992. Catecholamine. In: Hoar, W. S., 

Randall, D. J., Farrell, T. P. (eds) Fish Physiology, Vol. XII, 

Academic Press, New York. 

Redner, B.D. and R.R. Stickney. 1979. Acclimation to ammonia by 

Tilapia aurea. Transactions of the American Fisheries Society, 

108: 383–388. 

Reinhold, R.R. 1953. A colorimetric method for determination of serum 

glutamic oxaloacetic and glutamic pyruvic transaminase. Am. J. 

Path., 26: 1- 12. 

Reitman, S. and S. Frankel. 1957. Determination of AST and ALT in 

serum. American Journal of Clinical Pathology, 28: 56-68. 

Saber, A.E.; A.F. EL-Gohary; A.N. Fayza; N.P. Van Der-Steen and J.G. 

Hubb. 2004. Chronic ammonia toxicity to duckweed –fed tilapia 

(O. niloticus). Aquaculture, 232,117-127. 

Salah El-Deen, M.A. 1999. Toxicology and physiological effects of 

ammonia on grass carp Ctenopharyngodon idella at different pH 

levels. Egypt. J. Zool., 33:219-235. 

Schaperclaus, W.; H. Kulow and K. schreckenbach. 1992. Fish diseases. 

A.A. Balkema, Rotterdam, the Netherlands. 

Schwedler, T.E.; C.S. Tucker and M.H. Beleau. 1985. Noninfectious 

Diseases. In Channel catfish culture, ed CS Tucker, Elsevier, 

New York, 497– 541. 

Seriani, R.; D.M.S. Abessa; A.A. Kirschbaum; C.D.S. Pereira; P. 

Romano and M.J.T. Ranzani-Paiva. 2011. Relationship between 



Negative Impacts Of Un-Ionized Ammonia (NH3)  

On Health Status Of …… 

345 

water toxicity and hematological changes in O. niloticus. Braz. J. 

Aquat. Sci. Technol., 15 (2): 47-53.  

Seriani, R.; L.B. Moreira; D.M.S. Abessa; L.A. Maranho; L.D. 

Abujamara; N.S.B. Carvalho; A.A. Kirschbaum and M.J.T. 

Ranzani-Paiva. 2010. Haematological analysis in Micropogonias 

furnieri from two estuaries at Baixada Santista, São Paulo, Brazil. 

Braz. J. Ocean., 58 (special issue IV SOB): 87-92. 

Smart, G.R. 1978. Investigations on the toxic mechanisms of ammonia to 

fish – gas exchange in rainbow trout (Salmo gairdneri) exposed 

to acutely lethal concentrations. J. Fish Biol., 12: 93 – 104. 

Smith, C.E., and R.G. Piper. 1975.  Lesions associated with chronic 

exposure to ammonia. Pages 497-514 in: W.E. Ribelin and G. 

Migaki, eds. The pathology of  fishes. University of Wisconsin 

Press, Madison WI. 

SPSS 2004. "Statistical and package for social science, SPSS for 

windows release14.0.0, 19 June, 2004." Standard version, 

copyright SPSS Inc., 1989- 2004. 

Stein-Behrens, B.A. and R.M. Sapolsky. 1992. Stress, glucocorticoids, 

and aging. Aging, 4: 197-210. 

Stoskopf, M.K. 1993. Fish medicine, W.B. Sainders Company, London. 

Taylor. 2000. Cited in fish physiology nitrogen excretion. Edited by 

Patricia Wright, Paul Anderson copy right 2001 by Academic 

Press, Harcourt place, London p122. 

Thurston, R.V.; R.C. Russo and C.E. Smith. 1978. Acute toxicity of 

ammonia and nitrite to cutthroat-trout fry. Trans. Am, Fish. Soc., 

107: 361-368.  

Thurston, R.V.; R.C. Russo; R.J. Luedtke; C.E. Smith; E.L. meyn; C.C. 

Hakoumakos; K.C. Wang and C.J.D. Brown. 1984. Chronic 



Sherif, A.H. et al. 

 
346 

toxicityof ammonia to rain bow trout. Trans.Am.Fish.Soc., 113: 

56-73. 

Thurston, R.V., Chakonmakos, C. and Russo, R.C. (1981): Effect of 

fluctuating exposures on the acute toxicity of ammonia to 

rainbow trout Salmo gairdneri and cutthroat trout S. clarki. Water 

Res., (15): 911 – 917. 

Tomasso, J.R. 1994. Toxicity of nitrogenous wastes to aquaculture 

animals. Rev. Fish Sci., 2: 291–314. 

Trinder, P. 1969. Serum glucose determination. Ann. Clin. Biochem., 

6:24. Cited from Boehringer Mannheim.Gmth Diagnostickit. 

Uzukwu, P.U. 2013. Water quality managment in warm water fish ponds: 

Asystem approach. Continental J. Biological Sciences, 6 (1): 16 – 

25. 

Walters, G.R. and J.A. Plumb. 1980. Environmental stress and bacterial 

infection in channel catfish, Ictalurus punctatus Rafinesque. 

Journal of Fish Biology, (17): 177-185. 

Wedemyer, G.A. 1970. The role of stress in the disease resistance of 

fishes spec. Publ. Am. Fish soc., 5: 30-35. 

Xu, J.y.; X.W. Miao; Y. Lu and S.R. Cui. 2005. Behavioral response of 

tilapia O. niloticus to acute ammonia stress monitored by 

computer vision. J. Agric. Sci. Zhejian Univ., 6 (8): 812-816. 

 

 

 

 

 



Negative Impacts Of Un-Ionized Ammonia (NH3)  

On Health Status Of …… 

347 

فى البلطى النيلى الغير متأينه دراسة على التسمم باالمونيا  

 ، 1أحمد حماد الشريف

 2هبه الغريب حمزة و 2حمزة عبد المنعم سليمان

  –معيد بحوث صحة الحيوان  (  قسم الباثولوجيا2 -قسم أمراض االسماك 1

 يزةج -البحوث الزراعية  مركز  -)المعمل الفرعي بكفرالشيخ

 الملخص العربى

بتركيزات تحت  (NH3)اجراء ىذه التجربة لدراسة تأثير االمونيا الغير متأينو السامو تم 
سمكة بمطى نيمى الى ثالث مجموعات كل  09سامو عمي صحة اسماك البمطى النيمى. قسمت 

 9.0 ، 9.92سمكة في ثالث مكررات تم تعريضيا الي امونيا غير متأينو )  09مجموعة بيا 
يوم  01مجم /لتر لمدة  9.92يوم ، ثم تم خفض التركيز الي  01مجم /لتر ( لمدة  9.2،

م اجراء عدوي صناعية ببكتريا االيروموناس ىيدروفيال في نياية مدة التجربة عمي أخرى، ت
يوم لتسجيل معدل النفوق. اوضحت الدراسة  01عدد سمكة من كل مجموعة ثم تركت لمدة 09

فقدان لمشيية و قمة فى العد الكمى لكرات الدم الحمراء و البيضاء وقمة فى مستوى الييموجموبين 
كما لوحظ  زيادة فى مستوى الكورتيزول و الجموكوز وانزيمات الكبد والكمى.  ومناعة االسماك

مجم  9.2كما زاد معدل النفوق بعد االصابة بالييدروفيال خاصة فى المجموعة المعرضة لتركيز
/لتر. أوضحت نتائج الفحص اليستوباثولوجى الى ان التغيرات الباثولوجية كانت شديدة فى 

مجم /لتر فقد لوحظ من خالل الفحص زيادة فى اعداد خاليا   9.2كيزالمجموعة المعرضة لتر 
بخاليا الكبد الكموريد بالخياشيم ، و احتقان فى االوعية الدموية لمكبد و الكمى .وجود تحمل 

والكمى و الخياشيم والعضالت ، كما لوحظ زيادة فى خاليا الميالنومكروفاج فى الطحال. أثبتت 
ركيز االمونيا انخفض مستوي المناعة و اصبحت االسماك اكثرعرضة الدراسة انو كمما زاد ت

لالصابة باالمراض. كما وجد أن أستعادة االسماك لحالتيا المناعية اليتم مباشرة بعد خفض 
 مستوي االمونيا بالماء وتكون االسماك معرضة لالصابات البكتيرية.


