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Abstract

Nile tilapia (O. niloticus) fingerlings averaging 19.0+ 1.0 g in
weight where reared at four different concentrations of UIA-N
(0.01, 0.05, 0.1 and 0.15 mg/l) besides the control using 15 glass
aquaria (40 x70 x60 cm). Tilapia were stocked for 75 days and fed
with diet containing 26.58 % protein. The physico-chemical
analysis of water in aquaria were recorded. Water was changed
twice daily with 100% of water size. Different growth
measurements of tilapia were recorded every 15 days interval,
blood parameter and histo-pathological changes in kidney, liver and
gills were also recorded. The results showed that growth
performance was significantly (P< 0.05) decreased with increasing
concentration of UIA-N. The feed conversion ratio (FCR) increased
with increasing concentrations of UIA-N, the differences were
significant (P < 0.05) among the high concentrations.
Histopathological changes showed different signs in liver, gill and
kidney among the four treatments. Increasing UIA-N
concentrations resulted in decreasing of hematocrit and
hemoglobin parameters, while differences were not significant (P>
0.05) from control in UIA-N concentration (0.01mg/l). Also, results
showed that the 48 hr-LCs, for tilapia fingerlings was 7.1 mg/l NH;-
N.
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INTRODUCTION

Many species of tilapia have been cultured in developing countries where animal
protein is lacking. Nile tilapia is by far the most important farmed tilapia species in the
world. Tilapia are the most familiar and popular fishes in Egypt, as well as, in the
middle east and warm climate countries (Philippart and Ruwet, 1982). Fish production
should be increased in Egypt to meet the demand of the increasing population.
Several problems face fish production in Egypt. Among these problems are the most
tropical species die via low water quality because of pollution with ammonia. Ammonia
is toxic to a variety of aquatic organisms 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 in liquids. It can cause
impairment of cerebral energy metabolism, damage to gill, liver, kidney, spleen and
thyroid tissue in fish, crustaceans and mollusks (Smart, 1978). Moreover, it is a

common aquatic pollutant. It enters natural waters with municipal, agricultural, fish-
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cultural, industrial wastes, and from energy- development processes such as oil-shale
retorting, coal gasification, and coal liquefaction, it is also, a natural degradation
product of nitrogenous organic matter (Randall and Tsui, 2002). Ammonia is the
principal nitrogenous waste product of fishes and is normally oxidized first to nitrite
then to nitrate. It is also, the main nitrogenous waste material excreted by gills beside
urea and amines. Moreover, creatine, creatinine, and uric acid are being excreted
through the kidneys (De Croux et al, 2004). Chronic un-ionized ammonia exposure
may affect fish and other organisms in several ways, e.g. gill hyperplasia, muscle
depolarization, hyper excitability ,convulsions and finally death (Ip et a/.,2001).
Therefore the present study was planed to investigate the effect of different sub-lethal
concentrations of ammonia (NH3-N) on growth performance and some physiological

parameters of Nile tilapia fingerlings (Oreochromis niloticus).
MATERIALS AND METHODS

This study was carried out from Junel® to 29 Dec., 2005, at the indoor wet lab of
the Department of Animal Production and Fish Resources, Faculty of Agriculture, Suez
Canal University , Ismailia, Egypt.

Experimental design:

1) This experiment was devoted to study the median lethal concentration LCs, of
un-ionized ammonia (NH3-N) to Nile tilapia (O.niloticus) averaging (19.0 £1.0 g) at 48
hr static bioassay with fish mortality as the end point .The bioassay included 5
concentrations ranging from 0.18, 0.16, 0.12, 0.075 and 0.04 g NH4Cl/I with duplicate
of each concentration and control containing fresh water with no adding of ammonia .
The experiment was conducted in 14 glass aquaria (40 x70 x60 cm). Ammonia
concentration was determined on the first and last day of each treatment. The
concentration of ammonia in the water were measured by ammonia ion specific meter
(HI193715). Ten fishes were chosen randomly from the stocked and were used in each
aquarium. The fish were acclimated to the test conditions for 48 hrs before each
treatment and they were fed with fish pellets at a ration of 0.03 of the biomass twice
daily .The water in the aquaria was replaced daily and aerated continuously during the
acclimation period. The required level of ammonia was obtained by the addition of
ammonium chloride at the beginning of the test. Feeding was stopped 48 h prior to
the experiment and no food was given during the test. The fish observed twice daily
to detect, count and remove dead fish.

2) This experiment was devoted to study the effect of different sub lethal
concentrations of un-ionized ammonia (NHs-N) on growth performance, environmental

conditions ,survival rate , some physiological parameter ( histopathological changes in
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kidney , liver and gills) and some blood parameters of (O.niloticus). Fifteen glass
aquaria (40 x 70 x 60 cm) were used and stocked with Nile tilapia (O.niloticus)
averaging 19.0 +1.0 g in weight for 75 days. Tilapia fish were stocked at a rate of 14
fish per aquarium ( 60 | water) at four different concentrations of un-ionized ammonia
(NHs-N), i.e.0.01, 0.05 , 0.10 and 0.15 ppm besides the control (no addition of
ammonia) (Randall , 1976) . Ammonia stress was induced by adding ammonium
chloride to each aquarium (Xu et a/.,2005) and the percentage of un-ionized ammonia
added in water was calculated using the equation NH3-N (total ammonia xpercentage
of ammonia in the pH ,temperature , ammonia relationship tables) / 100, (Emerson et
al.,1975) . Each treatment had three replicates.

Histopathology:

Histopathological examination was carried out in 3 samples from each aquarium of
fish organs taken before exposed to ammonia from freshly killed fish , preserved in
Bouin's solution for 24 to 48 hrs, and stored in 65% ethanol then paraffin sections
were cut to 5 micrometer thickness and stained with hematoxylin and eosin(Robert et
al ., 1984). The slides were examined and photo micrographs were taken using light
research microscope for histopathological examination . After 75 days exposure to
ammonia three fishes from each aquarium in all treatments of the experiment were
removed, killed by a sharp blow on the head and there gill arches , kidney and liver
were obtained and processed as mentioned before to be examined histologically.
Statistical analysis:

The data obtained in this study were analyzed by one-way ANOVA procedure of
Statistical Analysis System (SAS, 1988). Mean were compared by Duncan’s new

multiple range test (Zar, 1996).
RESULTS AND DISCUSSION

The mean individual body weights:

Table (1) illustrates the mean individual weight of Nile tilapia (O. niloticus)
fingerlings reared in aquaria for 75 days at different concentrations of UIA-N (i.e. 0.01,
0.05, 0.1, 0.15 and 0.004 mg/I ). No mortality occurred in any of the experimental
groups through out the experimental period. At the end of the experimental period
(after 75 days from the stocking) the final average body weights (FBW) of Nile tilapia
(O. niloticus) fingerlings were 37.2, 36.4, 32.5, 26.9 and 37.7 g for UIA-N
concentrations of 0.01,0.05, 0.1, 0.15 and 0.004 mg/l, respectively. The statistical
analysis of mean results indicated that the mean individual weight of Nile tilapia (O.
nifoticus) fingerlings showed no significant (P < 0.05) differences between FBW of
tilapia in the control (0.004 mg/l UIA-N) and FBW of those exposed to (0.01 and 0.05
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mg/l UIA-N). While, FBW of tilapia exposed to 0.1 and 0.15 mg/l UIA-N was
significantly (P < 0.05) reduced from the control. The results showed that the lowest-
observable effect concentration on the FBW was 0.1 mg/l UIA-N . Such result was in
agreement with Saber et a/(2004) who showed that the lowest-observable effect
concentration on the growth performance of Nile tilapia is 0.144 mg/| UIA-N and there
was no significant differences between the mean individual weight of fish exposed to
0.068 mg/I UIA-N and control0.004 mg/I UIA-N. On the other hand, in marine fish Atle
et al(2003 and 2004) , Sten et a/. (2004) and Lemarie et a/.(2004) reported that fish
weight decreased when concentrations of UIA-N/I increased. It was attributed to a
decrease in daily food intake, daily feed consumption and decrease in food conversion
efficiency.

Table 1. Mean individual body weight (g) of Nile tilapia (O.niloticus) fingerlings reared
in aquaria for 75 days under different concentrations of ammonia (NHs-N
mg/l) (Mean % SE).

Period Concentration of ammonia NH;-N(mg/I)

(days) 0.01 0.05 0.1 0.15 Control (0.004)
0 19.0 £1.0° 19.0 #1.0° 19.0 #1.0° 19.0 £1.0° 19.0+1.0°
15 21.0 £0.35° 21.0 £0.89° 20.9+ 0.71° 19.9 £0.71°¢ 21.0 £0.21°
30 23.3£0.42° 23.3 £0.86° 23.0 £0.77° 21.0 £0.76°¢ 23.4 £0.33°
45 26.7 £0.49 ® 26.5 £0.86° 25.5 £0.8° 22.4 £0.84¢ 26.9 +0.47°
60 31.3 £0.60 ® 30.8 £0.89 28.6 £0.93° 24.3 £0.91°¢ 31.7 £0.64°
75 37.2 £0.72° 36.4 £0.92 2 32.5+1.02° 26.9 £1.02°¢ 37.7 £0.81°

Means with the same letter in each row are not significantly different (P < 0.05 ).
The mean body weight gain:

Table (2) indicated that body weight gain at the end of the experimental period
was 5.9, 5.6, 3.9, 2.6 and 6.0 g/ fish/ 15 days for UIA-N concentrations of 0.01, 0.05,
0.1, 0.15 and 0.004 mg/I, respectively. From the presented data in Table (2) it can be
shown that mean body weight gain per fish in the various treatment groups were
significantly influenced by UIA-N concentrations and decrease with increasing levels of
UIA-N. Similar results were obtained by Foss et a/.(2002), Atle et a/.(2003 and 2004),
Lemarie et a/(2004) and Saber et a/.(2004). Generally, mean body weight gain was
significantly reduced in concentrations of 0.1 and 0.15 mg/l UIA-N compared to the

control ones. This was attributed to a decrease in daily food consumption.
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Table 2. Average body weight gain (g /individual fish) of Nile tilapia (O.niloticus)
fingerlings reared in aquaria for 75 days under different concentrations of
ammonia (NH3-N mg/l) (Mean £ SE) .

Concentration of ammonia NH3-N(mg/I).
Period
Control
per (day) 0.01 0.05 0.1 0.15

(0.004)
15 2.0 £0.09 ® 2.0 £0.12° 1.9 £0.15° 0.9 £0.15°¢ 2.0 £0.17°
30 2.3 +0.12°2 2.3 £0.17° 2.1 £0.12° 1.1 £0.17°€ 2.4 £0.15°
45 3.4 £0.12° 3.2 £0.17° 2.5 +£0.12° 1.4 £0.17 ¢ 3.5 +£0.15°
60 4.6 £0.15°2 4.3 +£0.17° 3.1 £0.12° 1.9 +0.12°¢ 4.8 £0.17°
75 5.9 #0.15° 5.6 £0.15° 3.9 £0.12° 2.6 £0.15 ¢ 6.0 £0.17°

Means with the same letter in each row are not significantly different (P < 0.05 ).
The average daily body weight gain (ADG):

It can be concluded from the Table (3) that the average daily body weight gain at
the end of the experimental period were 0.39, 0.37, 0.26, 0.17 and 0.4 g/ fish/ day for
UIA-N concentrations 0.01, 0.05, 0.1, 0.15 and 0.004 mg/I respectively. It can be
shown from the statistical analysis that there was no significant (P > 0.05) differences
between the average daily body weight gain of (O. niloticus) fingerlings in the control
(0.004 mg/I UIA-N) and of those exposed to (0.01 and 0.05 mg/I UIA-N). While, there
was significant differences (P < 0.05) between (ADG) in the control and of those
exposed to (0.1 and 0.15 mg/I UIA-N). The gain per fish per day decrease as the UIA-
N concentrations increase. Similar results were obtained by Atle et a/.(2004), Lemarie
et al(2004) and Saber et al. (2004). Wang and Walsh (2000) reported that the
reduction in average daily body weight gain was attributed to physiological
disturbances.

Table 3. Average daily body weight gain(g /individual fish) of Nile tilapia (O.niloticus)

fingerlings reared in aquaria for 75 days under different concentrations of
ammonia (NHs-N mg/I) (Mean + SE).

Period Concentration of ammonia NH;-N(mg/I).
per (day) 0.01 0.05 0.1 0.15 Control (0.004)
15 0.13 +0.017 0.13 +£0.01° 0.12 +£0.01° 0.06 +£0.01° 0.13 +£0.01°
30 0.15 +0.017 0.15 +0.01° 0.14 +0.01° 0.07 +£0.01° 0.16 +£0.01°
45 0.22 £0.01° 0.21 £0.01° 0.16 +0.01° 0.09 +0.01¢ 0.23 £0.01°
60 0.30 +£0.01* 0.28 +0.01° 0.20 +0.01° 0.12 £0.01°¢ 0.32 £0.01°
75 0.39 £0.01° 0.37 £0.01° 0.26 +0.01° 0.17 £0.01¢ 0.4 +£0.01°

Means with the same letter in each row are not significantly different (P < 0.05).
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Average food consumption:

Results in Table (4) indicated that food consumption at the end of the
experimental period was 16.7, 16.3, 14.6, 12.1 and 16.96 g food /fish for the UIA-N
concentrations of 0.01, 0.05, 0.1, 0.15 and 0.004 mg/l, respectively. From the
presented data in Table (4) it can be showed that the average food consumption in
the experimental groups was decreased with increasing concentrations of UIA-N. This
is in full agreement with that found by Foss et a/( 2002), Atle et a/.( 2003 and 2004)
and Saber et al. (2004). Generally, significant differences were found between UIA-N
concentrations (0.1and 0.15 mg/l) and control (0.004 mg/l ,P < 0.05). While, the
differences were not significant (P > 0.05) between food consumption in the control
and of those exposed to UIA-N concentrations (0.01 and 0.05 mg/I).

Table 4. Average food consumption(g /individual fish) Nile tilapia (O.niloticus)

fingerlings reared in aquaria for 75 days under different concentrations of
ammonia (NH3-N mg/I) (Mean + SE).

Period Concentration of ammonia NH;-N(mg/I).
per (day) 0.01 0.05 0.1 0.15 Control (0.004)
15 9.5 £0.16° 9.5 £0.40° 9.4 +0.32° 8.9 £0.32°¢ 9.5 £0.09°
30 10.4 £0.19° 10.40 £0.39 ° 10.3 +0.35° 9.4 £0.34°¢ 10.5 £0.15°
45 12.0 £0.22* 11.9 £0.39° 11.4 +0.38° 10.1 £0.38 ¢ 12.1 £0.21°7
60 14.08 +£0.27 ° 13.86 +0.39 ° 12.8 £0.42° 10.9 £0.41° 14.26 +0.29 °
75 16.7 £0.32°° 16.3 £0.41° 14.6 £0.46° 12.1 £0.46 © 16.96 +0.37 °

Means with the same letter in the same row are not significantly different (P < 0.05 ).
Specific growth rate “SGR”:

The calculation of this parameter (SGR) is useful for comparing growth of fish of
different sizes (Jauncey and Ross, 1982). Changes in SGR value of (O. niloticus)
fingerlings reared in aquaria at different UIA-N concentrations were illustrated in
Table (5). It can be noticed from the tabulated results that SGR of tilapia at the end
of the experimental period were 1.15, 1.11, 0.85, 0.68 and 1.16% of UIA-N
concentrations (0.01, 0.05, 0.1, 0.15 and 0.004 mg/l) respectively. The statistical
analysis showed no significant differences (P > 0.05) between the control group
(0.004 mg/I UIA-N) and groups exposed to (0.01 and0.05 mg/l UIA-N). The SGR of
treatment 3 (0.1 mg/l UIA-N) and 4 (0.15 mg/l UIA-N) were significantly lower (P <
0.05) than the control and treatments 1 and 2. There was a significant difference (P
< 0.05) between the SGR of groups exposed to 0.1 and 0.15 mg/l UIA-N but no
difference was detected between the SGR in group 1 and those in group 5. This is in
agreement with the findings of Saber et a/. (2004). Also, Harris et a/. ( 1998) and
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Atle et al( 2003 and 2004) who found that SGR decrease with increasing the
concentration of UIA-N and it was attributed to a decrease in food intake.

Table 5. Average specific growth rate (%/day) of Nile tilapia (O.niloticus)
fingerlings reared in aquaria for 75 days under different concentrations
of ammonia (NH3-N mg/I) (Mean + SE).

Period Concentration of ammonia NH;-N(mg/I)

per (day) 0.01 0.05 0.1 0.15 Control (0.004)
15 0.7 £0.017 ® 0.7 £0.027 ® 0.6 +0.025° 0.31 £0.026 ¢ 0.7 £0.032°
30 0.6 £0.021° 0.6 +£0.036 ® 0.63 £0.015° 0.35 £0.029 ¢ 0.72 £0.023 °
45 0.9 £0.018 ® 0.8 £0.031° 0.68 +0.015° 0.43 £0.026 ¢ 0.93 £0.018®
60 1.05 £0.019 ® 1.0 £0.025° 0.76 +0.015° 0.54 £0.018 ¢ 1.09 +£0.017
75 1.15 £0.015® 1.11 £0.023 ® 0.85 +£0.015° 0.68 +£0.020 ¢ 1.16 £0.015*

Means with the same letter in the same row are not significantly different (P < 0.05).

The feed conversion ratio “FCR”:

A careful study to Table (6) indicates that the feed conversion ratio of tilapia at the
end of the experimental period were 2.8, 2.9, 3.7, 46 and 2.8 for UIA-N
concentrations (0.01, 0.05, 0.1, 0.15 and 0.004 mg/l), respectively. Mean feed
conversion ratio of tilapia increased as UIA-N concentrations increased, since the FCR
achieved in the fourth UIA-N concentrations was significantly higher than achieved in
the first ones (4.6 and 2.8, respectively). These results are in agreement with that
obtained by Atle et a/.(2004) who found that mean feed conversion ratio decreased as
UIA-N concentrations increased. Also, Saber et al(2004) found that, the feed
conversion was affected by ammonia concentrations over 0.068 mg/I UIA-N and there
was no difference between the FCR of the control (0.004 mg/l UIA-N) and those
exposed to (0.068 mg/l UIA-N) as FCR was (1.5 and 1.6 ,respectively), FCR was 3.9
and 5.6 at those exposed to 0.14 and 0.26 mg/I UIA-N, respectively. While, John and
Semra (2001) reported that at 0.91 mg/l UIA-N there was no effect on growth or feed
conversion ratio of channel catfish and blue tilapia.

Table 6. Average feed conversion ratio (g food /g weight gain) of Nile tilapia
(O.nifoticus) fingerlings reared in aquaria for 75 days under different
concentrations of ammonia(NHs-N mg/l)(Mean + SE).

Period Concentration of ammonia NH;-N(mg/I)
Control
er (da 0.01 0.05 0.1 0.15
per (day) (0.004)
15 4.7 £0.25 ¢ 4.7 £0.51° 4.9 £0.44° 9.8 £0.55° 4.7 £0.44 ©
30 4.5 £0.32°¢ 4.5 £0.60 © 4.9 £0.38° 8.5 +0.92° 4.3+0.30 ¢
45 3.5+0.23°¢ 3.7+048° 4.5 £0.53° 7.2+1.24° 3.4 £0.22 ¢
60 3.0 £0.22 ¢ 3.2+0.39° 4.1 £0.69° 5.7 £1.26° 2.9 £0.21°
75 2.8 £0.18 ¢ 2.9 £0.29° ¢ 3.7 £1.09° 4.6 £3.56° 2.8 £0.14 ¢

Means with the same letter in each row are not significantly different (P < 0.05).
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Blood measurements:

Hematocrit value (PCV%): Results in Table (7) indicated that hematocrit value at
the end of the experimental period was 26.0, 22.5, 22.0, 21.3 and 26.0% for the
UIA-N concentrations of 0.01, 0.05, 0.1, 0.15 and 0.004 mg/I, respectively. It can
be concluded that the average PCV(%) in the experimental groups was decreased
with the increase of UIA-N concentrations. Similar results were obtained by Atle et
al .( 2004). It was evident that these fishes were anemic. Generally, significant
differences were found between the UIA-N concentrations 0.05, 0.1, 0.15 and 0.004
mg/l (P < 0.05). But the differences were not significant (P > 0.05) between UIA-N
(0.01 mg/1) and control ones (0.004 mg/I).

Table 7. Average PCV (%) values of Nile tilapia (O.niloticus) fingerlings reared in
aquaria for 75 days under different concentrations of ammonia (NHs-N
mg/l)(Mean % SE).

Concentration of ammonia NHs-N (mg/I)
Period
Control
per (day) 0.01 0.05 0.1 0.15
(0.004)
0 24.0 £0.8° 23.0+0.13° 23.5 +£1.01° 24.0 £0.11° 24.0 £0.8 @
60 26.0 £0.3° 22.5+0.26° 22.0 £0.32°¢ 21.3 £1.5¢ 26.0£1.04 2

Means with the same letter in each row are not significantly different (P < 0.05 ).
Hemoglobin concentration (Hb):

It can be shown from the Table (8) that the average hemoglobin concentration at
the end of the experimental period was 10.0, 6.5, 6.0, 5.8 and 10.3 g100mI™* for UIA-
N concentrations of 0.01, 0.05, 0.1, 0.15 and 0.004 mg/l , respectively. It can be
concluded that there were differences in the average Hb concentration of (O. niloticus)
fingerlings at the UIA-N concentrations (0.05, 0.1, 0.15 and 0.004 mg/l). While, there
were no significant differences between UIA-N concentration (0.01 mg/l) and control
(0.004 mg/1).The average Hb value decreased as the UIA-N concentrations increased.
Similar results were obtained by Pratap et a/.(2004a and b). Otherwise, Hrubinko ef al.
(1996) found that Hb increase when exposed to ammonia (0.1mg/l). It was evident
that these fishes were anemic.

Table 8. Average Hb (g 100 ml') concentrations of Nile tilapia (O.niloticus)
fingerlings reared in aquaria for 75 days under different concentrations
of ammonia (NH3-N mg/I) (Mean + SE).

Period Concentration of ammonia NHs-N (mg/I)
per (day) 0.01 0.05 0.1 0.15 Control (0.004)
0 7.5 £0.07 ® 7.5 £0.12° 7.4 £0.05° 7.0 £0.07 ® 7.6 £0.09°
60 10.0 £0.05 ® 6.5 £0.13° 6.0+0.01° 5.8 £0.14° 10.3+0.15°

Means with the same letter in each row are not significantly different (P < 0.05).
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Histopathological studies:

The microscopic structures of tissues from the control fish: Gills: The gills comprise
two sets of four holobranches forming the side of the pharynx. Each holobranch
consists of two hemibranches. The hemibranch consists of a row of long thin filaments,
the primary lamellae. The area of the primary lamellae is increased by the formation of
regular semi lunar folds across its dorsal and ventral surface, secondary lamellae. The
primary lamellae are supported by a central core of cartilage containing supply and
exchange blood vessels and are covered by epithelium that is continuous with that of
the secondary lamellae. The secondary lamellae of the gills are covered with a
squamous epithelium. The layers of the epithelium is separated by intercellular space
that contains macrophages, piller cells, RBCs and some mucous cells (Figure 1).
Examination of tissues from Nile tilapia (O. niloticus) fingerlings after 75 days of
exposure to (0.01 mg/l) UIA-N concentration showed, slight pathological alteration.
The gills secondary lamellae showed mild vacuolation (Figure 2), mild hyperplasia of
epithelium. The same results were obtained by Smith and Piper (1975) who reported
mild pathological changes in gills (hyperplasia of epithelium) of rainbow trout when
exposed to 0.0125 mg/l NH;-N. They also showed that the resulting gill lesions may
cause reduced oxygen diffusion across membranes and predispose fishes to bacterial
infections, fishes exposed to increase metabolic ammonia are known to be more
susceptible to bacterial gill diseases. Examining tissues from (O. niloticus) after 75
days of exposure to 0.05mg/l UIA-N concentration revealed that : epithelial
hyperplasia (Figure 3), congestion of central vein, secondary lamellae showed
telangiectasis and mononuclear cells infiltration in primary and secondary lamellae
with vacuolation of gill lamellae. These results were in agreement with Aysel and
Gulten (2005). When examining tissues from Nile tilapia (O. niloticus) fingerlings after
75 days of exposure to 0.1 mg/l UIA-N concentration, the results showed vacuolation
of epithelial cells in gill, telangiectasia of gill lamellae (Figure 4) and gill hyperplasia.
The same results were obtained by Randall (1976) and Robert et a/. (1984) who
reported gill hyperplasia in channel catfish exposed to 0.12 mg/l NH3-N for 27 days.
Smith and Piper (1975) and Smart (1976) found that the most characteristic feature
for chronic exposure of rainbow trout to ammonia was the appearance of swollen,
rounded secondary gill lamellae or telangiectatic capillaries in the secondary lamellae.
Also, Kirk and Lewis (1993) reported that the gills of rainbow trout exposed to0.1 mg/I
ammonia for 2 h exhibited deformation of the lamellae. The filamental and lamellar
epithelium was covered with shallow, circular depressions. The tissues exposed to the
highest UIA-N concentration (0.15 mg/I) results in gill hyperplasia, degeneration of

epithelium lining the secondary lamellae and other places showed proliferation of the
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epithelium. Sloughing of the lamellar epithelium and telangiectasia of gill lamellae
(Figure 5). These results were supported by Smith and Piper (1975), Smart (1976),
Robert et a/(1984) and Aysel and Gulten (2005)who reported gill hyperplasia,
degeneration of epithelium when tissues exposed to the highest UIA-N concentration.
Kidney:

The fish kidney consists of head and body kidneys. The head kidney is the anterior
portion of the kidney and consists of lymphoid tissue. The body kidney is composed of
nephron and renal tubules. The nephron is formed of renal corpuscle and Bowman's
capsule. The capsular epithelium is continuous with the renal epithelium. The renal
tubules begins with :- a) short neck portion lined by low cuboidal epithelium with long
cilia, b) proximal convoluted tubule which has divided into segment I lined with
acidophilic cuboidal to columnar epithelium with distinct brush border. The epithelial
cells of the segment II are columnar and taller than those of segment I. The
epithelium becomes lower and more cuboidal in the intermediate segment. The distal
convoluted tubules have epithelium with lightly eosinophilia and have no brush border
(Figure 6). Examination of tissues from Nile tilapia (O. niloticus) fingerlings after 75
days of exposure to (0.01 mg/l) UIA-N concentration showed marked hyaline droplet
degeneration and swelling of renal tubules. The same results were obtained by Robert
et al. (1984). Renal epithelium showed more basophilic cytoplasm, some cells are
vacuolated, congestion of some blood vessels and melanomacrophages center
exhibited some necrotic changes (Figure 7). The apical surface of the renal tubules
showed strong PAS positive. Hyaline droplets in kidney tubule epithelium suggest re
absorption of excessive amounts of proteins from glomerular filtrate (Robert and
Rosemarie, 1983). Examining tissues from (O. niloticus) after 75 days of exposure to
0.05mg/I UIA-N concentration revealed : degeneration of blood vessels endothelium,
majority of renal tubules showed vacuolation, necrotic epithelium and finally necrosis
in melanomacrophages center (Figure 8). Smith and Piper (1975) and Thurston et al.
(1984), reported that degeneration of renal tubule epithelia, hyaline droplet
degeneration and in some instances, partially occluded tubule lumens invariably result
in impaired glomerular blood flow and filtrations, and eventually may induce renal
failure. When examining tissues from Nile tilapia (O. niloticus) fingerlings after 75 days
of exposure to 0.1 mg/l UIA-N concentration, the results showed, thrombus of blood
vessels, necrosis of the renal tubules, severe glomerulosclerosis, rupture of
melanomacrophages center and dispersed the melanomacrophage cells between the
renal tubules in the renal parenchyma (Figure 9)., the glomerular tuft showing some

mononuclear cells infiltration. The tissues exposed to the highest UIA-N concentration
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(0.15 mg/l) resulted in increase the thrombus formation and infiltration of
melanomacrophage cells between the renal tubules (Figure 10).
Liver:

The liver is composed of hepatic lobule in which the central vein obscure. The
parenchyma of the hepatic lobule is formed from hepatocytes which are arranged
around the blood sinusoid in cord-like structure known as hepatic cell cord. There are
bile ductile in between the cord of hepatic cells which are directed toward the
periphery of the lobule to open in the bile duct (Figure 11). Examination of tissues
from Nile tilapia (O. niloticus) fingerlings after 75 days of exposure to (0.01 mg/I) UIA-
N concentration showed that some hepatic cells were vacuolated (Figure 12).
Examining tissues from (O. niloticus) after 75 days of exposure to 0.05mg/l UIA-N
concentration revealed : marked degeneration of hepatocyte, vacuolated cytoplasm,
congestion of hepatic vessels and proliferation of melanomacrophage cells (Figure 13).
This result was in agreement with Thurston ef a/(1984) and Saber et al. (2004).
When examining tissues from Nile tilapia (O. niloticus) fingerlings after 75 days of
exposure to 0.1 mg/l UIA-N concentration, the results showed, vacuolation, congestion
of blood vessels, degeneration of some cells, infiltration of melanomacrophage cells
(Figure 14). These results were obtained by Saber et a/.(2004). The tissues exposed to
the highest UIA-N concentration (0.15 mg/l) resulted in diffuse vacuolar degeneration
(Figure 15).This was in agreement with the findings of Saber et a/ (2004). Also,
Wajsbrot et al. (1993) referred the histopathological effects affecting gills and liver

function may contribute to reduce fish growth through inducing tissue hypoxia.

Figure 1. Gill from control group showing. H&E, X Figure 2. Slight pathological alteration consisting of
250. mild vacuolation of secondary lamellae
in gills of (O. niloticus) exposed to 0.01

mg/I UIA-N. H&E,X 40.
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Figure 3. Congestion of central vein (a) and telangiectasis
of secondary lamellae (b) in gills of (O.
nifoticus) exposed to 0.05 mg/l UIA-N. H&E,
X 10.

Figure 5. Degeneration, sloughing and necrosis of the
lamellar epithelium in gills of (O. niloticus)
exposed to 0.15 mg/l UIA-N. H&E, X 20.

Figure 7. Degeneration and swelling of renal tubules (a)
and congestion of peritubular capillaries (b)
and strong PAS +ve of the apical surface of
renal tubules (arrow) in kidney of (O.
niloticus) exposed to 0.01 mg/l UIA-N.
PAS,X 20.

Figure 4. Vacuolar degeneration of the secondary
lamellae along with telangictasis and
mononuclear cell infiltration in gills of (O.
nifoticus) exposed to 0.1 mg/l UIA-N.
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Figure 8. Degeneration of renal tubular epithelium (a),

vacuolation and necrosis of renal tubules (b)
along with necrosis of melanomacrophage
center (arrow) in kidney of (O. niloticus)
exposed to 0.05 mg/I UIA-N. H&E, X 10.
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Figure 9. Necrosis of renal tubules (a) and
thrombus formation of blood
vessels (b) in kidney of (O.
nifoticus) exposed to 0.1 mg/l
UIA-N. PAS,X 20.
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Figure 10.

Infiltration of melanomacrophage
center between the renal tubules in
kidney (arrow) of (O. niloticus)
exposed to 0.15 mg/l UIA-N. H&E, X
20.

Figure 12. Slight vacuolation of some hepatic cells in
liver of (O. niloticus) exposed to 0.01
mg/I UIA-N. H&E,X 20.

Figure 13. Congestion of blood vessels (a),
activation of melanomacrophage
center (b) and vacuolation of
hepatocytes (c). some
hepatocytes have pyknotic nuclei
(d) in liver of (O. niloticus)
exposed to 0.05 mg/l UIA-N.
PAS,X 20.

Figure 14. Diffuse vacuolar degeneration of
hepatocytes (a) along with
congestion of blood vessels (b) in
liver of (O. niloticus) exposed to
0.1 mg/l UIA-N. H&E,X 20.
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Figure 15. Diffuse vacuolar degeneration (a) and pyknotic of nuclei (b) in liver of (O.
niloticus) exposed to 0.15 mg/l UIA-N. PAS,X 10.

LC 50 values:

From the tabulated data (9) it can be showed that the unionized ammonia
concentrations were 2.3, 5.17, 7.1, 8.5 and 11.0 mg/I in the aquaria of fingerlings
corresponding to 0.04, 0.075, 0.12, 0.16 and 0.18 g NH4CL/ 1), respectively. The acute
toxicity of ammonia UIA-N (48 h) of Nile tilapia (O.niloticus) fingerlings were found to
be 7.1 mg/l. These results were in full agreement with Aysel and Gulten (2005). Also,
Daud et a/(1988) reported 6.6 mg/l 48-h LCsy in hybrid tilapia species ( O.
mossambicus x O. niloticus ). The differences could be attributed to differences in the
average weight of fish besides. On the other hand, Barry and Robert (1979) and
Redner and Stickney (1979) found that he 48-h LCsy for Tilapia aurea was 2.4 mg/I
NH;-N.

Table 9. Lethal concentrations of NH;-N for Nile tilapia (O.nifoticus) fingerlings

throughout 48 h of the experimental period.

Toxicity
Period (h)
LC 2 LC 4 LCso LGy LCoo
48 h 2.3 mg/I 5.1 mg/I 7.1 mg/I 8.5 mg/I 11 mg/I
NHs-N NHs-N NH3-N NH3-N NH3-N
CONCLUSION

It could be concluded that Nile tilapia(O. niloticus) fingerlings with average

weight 19.0+ 1.0 g, were more suitable to culture at water UIA-N concentration of

0.01- 0.004 mg/I for optimum growth performance and survival rate than other

water conditions. Therefore, it can be recommended to be carried out under the

similar experimental conditions.




10.

11.

EL-SHERIF, M.S. AND EL-FEKY, AMAL M. 527

REFERENCES

Atle, F., T.H. Evensen, T. Vollen and V. Oiestad. 2003. Effects of chronic ammonia
exposure on growth and food conversion efficiency in juvenile spotted wolfish.
Aquaculture 228, 215-224.

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.

Aysel , C. K. B. and K. Gulten. 2005. The acute toxicity of ammonia on tilapia
( Oreochromis niloticus L.) larvae and fingerlings. Turk J Vet. Anim. Sci. 29 ,339-
344.

Barry, D. R. and R. S. Robert. 1979 Acclimation to ammonia by 7ilapia aurea.
American Fisheries Society 108:383-388.

Daud , S. K., D. Hasbollah and A. T. Law. 1988. Effects of unionized ammonia on
red tilapia (Oreochromis mossambicusx 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.

De Croux , P., M. Julieta and A. Loteste. 2004. Lethal effects of elevated pH and
ammonia on juveniles of neotropical fish Colosoma macropomum (Pisces,
Caracidae). J Environ. Biol. Jan, 25 (1): 7-10.

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.

Foss , A., T. H. Evensen and V. Qiestad. 2002. Effects of hypoxia and hyperoxia on

growth and food conversion efficiency in the spotted wolfish Anarhichas minor
(Olafsen) Aquac. Res. 33, 437 — 444.

Harris, J.0., G. B. Maguire, S. Edwards and S. M. Hindrum. 1998. Effect of
ammonia on the growth rate and oxygen consumption of juvenile greenlip abalone,

Haliotis laevigata Donovan. Aquaculture 160, 259-272.

Hrubinko , V. V., O. S. Smol's'kyi and O. F. Iavonenko. 1996.Changes in the blood
morphofunctional characteristics of cyprinid fishes in ammonia poisoning. Fiziol Zh.
42(1-2):40-6.

Ip, YK, S.F. Chew and D. J. Randall. 2001. Ammonia toxicity , tolerance, and
excretion. In: Wright, P.A., Anderson, P.M. (Eds.), Fish Physiology, vol. 20.
Academic Press, New York : 109-148.



528

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

EFFECT OF AMMONIA ON NILE TILAPIA (O. nifoticus) PERFORMANCE AND
SOME HEMATOLOGICAL AND HISTOLOGICAL MEASURES

Jauncey ,K. and B. Ross. 1982.A guide to Tilapia feeds and feeding. Univ.of
Stirling , Scotland .

John, A. H. and K. Semra. 2001. Effects of dial un-ionized ammonia fluctuation on
juvenile hybrid striped bass, channel catfish, and blue tilapia. Aquaculture 195,
163-181.

Kirk , R. S. and J. W. Lewis. 1993. An evaluation of pollutant induced changes in
the gills of rainbow trout using scanning electron microscopy. Environ. Technol.
14 : 577-585.

Lemarie , G., A. Dosdat, D. Coves, G. Dutto, E. Gasset and L. R. J. Person. 2004.
Effect of chronic ammonia exposure on growth of European seabass

(Dicentrarchus labrax) juveniles. Aquaculture 229, 479-491.

Philippart, J. CL. And J. CL. Ruwet. 1982. Ecology and distribution of tilapias. In: R.
H. Lowe-Mc Connell (eds.). The Biology and Culture of Tilapia. International

Center for living Aquatic Resources Management, Manila, Philippines: 15-59.

Pratap , C.D., S. Ayyappan, JK. Jena and B. K. Das. 2004 a. Nitrite toxicity in

Cirrhinus mrigala (Ham.): acute toxicity and sub-lethal effect on selected

hematological parameters. Aquaculture 235, 633-644.

Pratap , C.D., S. Ayyappan, J. K. Jena and B. K. Das. 2004 b. Acute toxicity of
ammonia and its sub-lethal effects on selected hematological and enzymatic
parameters of mrigal, Girrhinus mrigala (Hamilton). Aquaculture Research 35, 134-
143.

Randall , H. R. 1976. Effect of selected sub lethal levels of ammonia on the growth

of channel catfish (Ictalurus punctatus).The progressive Fish-Culturist 38:26-29.
Randall, D. J. and T. K Tsui. 2002. Ammonia toxicity in fish. Mar Pollut Bull. 45 (1-
12) : 17-23.

Redner , B. D. and R. R. Stickney. 1979. Acclimation to ammonia by 7ilapia aurea.
Trans. Am. Fish. Soc. 108 : 383 — 388.

Robert , V. T. and C. R. Rosemarie. 1983. Acute toxicity of ammonia to rainbow

trout. Transactions of the American Fisheries Society 112 : 696 — 704 .

Robert , V. T. , C. R. Rosemarie, J. L. Robert, E. S. Charlie, L. M. Elizabeth, C.
Charles, C. W. Kenneth and C. J. D. Brown. 1984 . Chronic Toxicity of Ammonia To

Rainbow Trout. American Fisheries Society 113:56-73.



24,

25,

26.

27.

28.

29.

30.

31.

32.

33.

EL-SHERIF, M.S. AND EL-FEKY, AMAL M. 529

Saber , A. EI-Shafai , A. EI-Gohary Fatma, A. N. Fayza, N. Peter van der Steen and
J. G. Huub. 2004 . Chronic ammonia toxicity to duckweed-fed tilapia (O. niloticus).
Aquaculture 232, 117-127.

SAS, 1988. SAS user guide. Statistical. A. A. Ray. Ed. SAS Inst., Inc., Cary, Nc., 67
(3).

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.

Sten , I. S. , D. Trine, F. Atle and M. Atle. 2004. Effects of chronic ammonia
exposure on gonad growth and survival in green sea urchin Strongylocentrotus
droebachiensis. Aquaculture 242 ,313-320.

Thurston , R. V., R. C. Russo, R. J. Luedtke, C. E. Smith, E. L Meyn, C.
Chakoumakos, K. C. Wang and C. J. D. Brown. 1984. Chronic toxicity of ammonia
to rainbow trout. Trans. Am. Fish. Soc. 113, 56 — 73.

Wajsbrot , N., A. Gasith, A. Diamant and D. M. Popper. 1993 . Chronic toxicity of
ammonia to juvenile gilthead sea bream Sparus aurata and related
histopathological effects . J. Fish Biol. 43, 321 — 328.

Wang , Y. and p. j. Walsh. 2000. High ammonia tolerance in fish of the family
Batrachoididae (Toadfish and Midshipmen). Aquat. Toxicol. 50, 205-580.

Xu, 1.Y., X. W. Miao, Y. Lu and S. R. Cui. 2005. Behavioral response of tilapia
(Oreochromis nifoticus) to acute ammonia stress monitored by computer vision. J.
Agric. Sci. Zhejiang Univ., Aug , 6 (8) : 812- 816.

Zar, J. H. 1996. Biostatistical Analysis. Prentice Hall, Upper Saddle River, Nj, USA.



530 EFFECT OF AMMONIA ON NILE TILAPIA (O. niloticus) PERFORMANCE AND
SOME HEMATOLOGICAL AND HISTOLOGICAL MEASURES

( . % )
( / ! ' ' ’ )
(  x x) (/ ,
%
%
(P<0.05)
(FCR)
%
, , (NH5-N)



