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Abstract: Some physicochemical parameters of water at three selected stations (Kafr El-Zyat, Tamalay on
Rosetta branch of the River Nile and Shanawan drainage canal at Shanawan village, Egypt) were studied. Also,
the effect of water quality changes on histology of gill and kidney obtained from Oreochromis niloticus fish
living in these three stations were studied. The results revealed noticeable changes in water quality at the three
studied regions but in different degrees. Also, the collected fish from the three regions suffered from several
histopathological signs in their gills and kidney including: necrosis, degeneration, hemorrhage, hemolysis,
hemosidrin, fibrosis, hyperplasia and fussion.
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INTRODUCTION endangered and about one species per year becomes

River  Nile,  the  artery  of  life  in  Egypt,  is  one  of over-fishing and impacts of exotic species [7].
the  very  long  rivers  in the world. It is approximately Fish likewise other aquatic organisms, are greatly
6700 km long, the length of River Nile inside Egypt is affected with chemical pollutants present in the
approximately 1352 km [1]. ecosystem [8]. It is recommended that the developed

River Nile travels 940 km behind the High Dam; it histopathological changes in fish can be used as
divided into two branches, the western Rosetta branch bioindicators for environmental pollution [9]. 
and the eastern Damietta branch, where they suffer from Gills of teleosts, representing a large part of the body
many types of wastes including, industrial, agricultural surface, are not only important as respiratory organ but
and sewage [2]. The term water quality includes all also as a main site of water and salts fluxes. Gills have
physical, chemical that influence the beneficial use of several vital functions such as gas exchange [10], ionic
water [3]. regulation [11, 12], nitrogen excretion and acid-base

Aquatic animal particularly fish could serve as regulation [13] and detoxification [14]. It is basically and
biological indicators for environmental degradation and logically the gill tissue, which undergo pathological
pollutants in aquatic habitats [4]. changes resulting in complex physiological problems [15].

Fish are important members of aquatic ecosystems In addition to excretory function of kidney, it also
and  an important  source  of  human  food.  However, releases three substances, renin, erythropoietin and 1, 25
fish  distribution  data  in  Egypt indicate a reduction in dihydroxy cholecolciferol, directly into the blood stream.
the commercially desirable fish species as the water Renin plays an important role in regulating sodium ion
conditions deteriorate. The agricultural, waste municipal concentration whereas erythropoietin influences
and industrial effluents discharged directly to the natural hemopoietic activity [16].
water resources have been found to cause heavy fish So  this  study  aimed  to  find  out  the  present
mortality due to hypoxia, high levels of organic status of water quality in River Nile and a drainage canal
substances, inorganic salt and heavy metals [5]. due  to the  discharge  of  untreated  wastes  and  the

Freshwater fish are the most vertebrate groups effect of these wastes on histology of gills and kidney of
exploited by humans [6]. About 160 species are O. niloticus fish. 

extinct. The threats include water reduction, pollution,
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MATERIALS AND METHODS Fish  Samples:  The  collected  fish  samples  were

Water and fish samples were collected during summer and  fixed  in  10%  formalin,  dehydrated  in  ascending
of 2012 from three stations. The first station is in front of grades  of  alcohol  and  cleared  in  xylene.  The  fixed
Kafr El-Zyat soap factory which discharge industrial tissues  were  embedded  in  paraffin  wax  and  sections
wastes into Rosetta branch of River Nile, the second one of  five  micrometers thick were cut, using Euromex
is at Tamalay village which discharge agricultural wastes Holland  microtome  and the  paraffin  sections  were
into Rosetta branch of River Nile and the third station in stained with hematoxylin and eosin (H and E) method
Shanawan drainage canal at Shanawan village which according to Bucke [18]. The sections were examined
receives drainage water from adjacent fields besides histopathologically by light microscope and
runoff of sewage from adjacent villages (Fig. 1). The fish photographed by using a microscopic camera.
of the control group were collected from El-Kanater El-
Khyria fish farm, Egypt. Statistical Analysis: The means and standard deviations

Water Sample Analysis Microsoft Excel 2010 computer program.
Field Measurements: Air and water temperature (°C) was
determined by dry mercury thermometer, pH value by RESULTS
Orion Research Ion Analyzer 399 A pH meter,
transparency (cm) was determined by using Secchi-disc Water  Quality:  Physicochemical  characteristics of
and electric conductivity (µmohs/cm) by using water   collected   from   the   three   studied  stations
conductivity meter model (YSI SCT-33, USA). along the Rosetta branch, including Kafr El-Zyat, Tamalay

Laboratory Analysis: Water samples were kept into a one
liter polyethylene bottle in ice box and analyzed in the Physical Parameters
laboratory. The procedures used are specified in APHA Air and Water Temperature: The results showed a
[17]. descending order of air temperature as follows: Shanawan

The dissolved oxygen content was performed by (31.8 °C) > Kafr El-Zyat (30.30 °C) > Tamalay (27.60 °C).
azide modification. Total dissolved solids were determined While the water temperature as follows: Kafr El-Zayat and
by filtration a volume of sample with glass microfiber filter Shanawan (28.73°C) > Tamalay (25.75°C).
(GF/C) and a known volume of filtrate was evaporated at
105°C. Chloride was determined by argentometric method. Transparency:   The   results   showed   a  descending
Concentration of ammonia, nitrite and nitrate were order   of   transparency   as   follows:   Kafr   El-Zyat
determined by using the colorimetric techniques with (66.93 cm) > Tamalay (64.30 cm) > Shanawan (56.47 cm). 
nessterization, formation of reddish purple azodye and Cd
reduction, respectively. Carbonate and bi-carbonate Electrical Conductivity: In present study the highest
alkalinity was measured analytically. conductivity value (486 µmohs/cm) was recorded at

Fig. 1: Map showing Kafr El-Zayt, Tamaly and Shanawan higher  value  of  (TS)  recorded  at  Shanawan  station
stations. (249.7 mg/L).

dissected.  Gills  and  kidneys  were  carefully  removed

of the measured parameters were estimated using the

and Shanawan are shown in Table (1).

Shanawan station while the lowest value was (399.33
µmohs/cm) recorded at Kafr El-Zyat station.

Chemical parameters
pH value: The results of pH clarified that the area under
study lies in alkaline side. The values ranged from 8.15 at
Tamalay to 8.32 at Kafr El-Zyat

Carbonate and Bicarbonate Alkalinity: In present results
the highest carbonate alkalinity (17.87 mg/L) recorded at
Kafr El-Zyat station and bicarbonate alkalinity (430 mg/L)
recorded at Shanawan station. 

Total   Dissolved    Solids:    In    present   study  the
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Table 1: Physicochemical characteristics of water (mean ± standard deviation) at different stations of the study area

Stations

----------------------------------------------------------------------------------------------------------------------------------------

Parameters Shanawan Tamalay Kafr El-Zyat

A) Physical

1-Air temperature (°C) 31.800±0.200 27.600±0.141 30.300±0.100

2-Water temperature (°C) 28.733±0.404 25.750±1.909 28.733±0.153

3-Transparency (cm) 56.467±1.747 64.300±1.131 66.933±1.721

4-Electrical conductivity (µmohs/cm) 486.000±8.544 426.000±1.414 401.000±5.568

B) Chemical

5-pH value 8.223±0.068 8.150±0.071 8.317±0.076

6-Carbonate alkalinity (mg/L) 15.000±0.200 7.950±0.071 17.867±0.306

7-Bicarbonate alkalinity (mg/L) 430.000±2.000 432.500±3.536 390.500±4.093

8-Total dissolved solids (mg/L) 249.667±4.041 249.000±1.414 196.067±2.101

9-Dissolved oxygen (mg/L) 5.680±0.052 6.505±0.035 6.367±0.153

10-Chloride (mg/L) 40.333±0.611 36.100±0.424 40.933±0.115

11-Ammonia (mg/L) 0.993±0.012 0.685±0.049 0.810±0.030

12-Nitrite (µg/L) 119.400±2.722 126.100±0.424 49.900±0.361

13-Nitrate (µg/L) 479.567±4.366 572.900±6.930 230.100±1.769

Dissolved Oxygen: In the present study, the values of secondary lamellae) (Fig. 5). The fish gills also suffered
dissolved oxygen were 5.68 mg/L, 6.37 mg/L and 6.51 mg/L from severe hemorrhage in primary lamellae (Figs. 3, 8),
at Shanawan, Kafr El-Zyat and Tamalay Stations, degeneration (Fig. 8), necrosis (Fig. 4) and separation
respectively. (Figs. 3, 7, 8) and curling (Figs. 5, 6) in secondary lamellae.

Chloride Content: The highest value of chloride in station showed hemorrhage (Figs. 9, 10, 12, 13, 14),
present study (40.93 mg/L) was recorded at Kafr El-Zyat hemolysis (Fig. 12), hyperplasia (Figs. 9, 10, 11, 12),
station. separation (Figs. 9, 11, 12, 13, 14), curling (Figs. 9, 12, 13,

Ammonia, Nitrite and Nitrate: In present study the in primary and secondary lamellae.
highest ammonia value (0.993 mg/L) was recorded at However, gills obtained from Tamalay station
Shanawan station and the lowest value (0.685 mg/L) was suffered  from  hemorrhage  (Fig.  15),   telangiectasis
recorded at Tamalay station. The higher value (126.1 µg/L) (Figs. 15, 18), curling (Figs. 15, 17, 18, 20), separation
of nitrite was recorded at Tamalay station and the lowest (Figs. 15, 16, 17, 19), hyperplasia (Figs. 17, 18, 19, 20),
value (49.900 µg/L) was recorded at Kafr El-Zyat station. necrosis (Fig. 19) and degeneration (Fig. 20).
The highest nitrate value (572.911 µg/L) was recorded at Normal kidney of Oreochromis niloticus fish is
Tamalay station and the lowest value (230.100 µg/L) was composed of identical nephrons. Each nephron contains
recorded at Kafr El-Zyat station. renal corpuscle that leads to renal tubule. The renal

Histological Studies: The normal gill consists of enclosed by Bawman's corpuscle. Within the nephron, the
cartilaginous arch holding rows of filaments (Fig. 2). The kidney contains hematopoietic tissue and blood vessels.
filament consists of primary and secondary lamellae. The The renal tubules have various segmentation and
secondary lamellae include branchial epithelium accordingly appear in different shapes (Fig. 21).
consisting of a layer of one or two cells of interdigitating Changes in water quality induced pathological
squamous epithelial cells. changes in fish. The kidney of Oreochromis niloticus fish

In present study, the sections of gills specimens of collected from Kafr El-Zyat station revealed degeneration
Oreochromis niloticus from Kafr El-Zyat station exhibited in  renal  tubules (Figs. 22, 23, 24, 25), necrosis in renal and
hyperplasia (Figs. 3, 4, 8) progressed to complete fusion Malpighian tubules (Figs. 22, 23, 25). Hemorrhage (Figs.
of secondary lamellae (Figs. 3, 6, 7). The fish gills showed 23, 24, 25, 26, 27), hemolysis (Fig. 25), hemosidrin (Figs. 22,
telangiectasis (congestion with blood cells in the tips of 27) and Fibrosis (Fig. 27) in hematopoietic tissue.

While the specimens obtained from Shanawan

14), degeneration (Figs. 10, 12, 13) and necrosis (Fig. 10)

corpuscle contains vascular capillary glomerulus that is
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Figs. (2-12): Histological section in gills of Oreochromis niloticus stained with H and E, X400. (2). Normal structure of
gill showing primary (PL) and secondary (SL) lamellae. (3) L.S. of fish gills of O. niloticus obtained from
Kafr El-Zyat station showing hemorrhage (Hr) in center of primary lamellae, hyperplasia (Hp) and
separation (S) in epithelia cells of secondary Lamellae. (4) Severe hyperplasia (Hp) in primary and
secondary lamellae leads to complete fusion (F) of primary and secondary lamellae and necrosis (N) in top
of fused lamellae. (5) Curling (Cr) and Telangiectasis (t) at the tips of secondary lamellae. (6) Complete
fusion (F) of primary and secondary lamellae in addition curling (Cr) of fused filament. (7) Fusion (F) of
primary and secondary lamellae. (8) Severe hemorrhage (Hr) in center of primary lamellae and hyperplasia
(Hp) separation (S). (9) L.S. of fish gills of O. niloticus obtained from Shanawan station showing
hemorrhage (Hr) in center of primary lamellae, hyperplasia (Hp) separation (S) and curling (Cr) in secondary
lamellae. (10) Severe hyperplasia (Hp) in primary and secondary lamellae lead to fusion of two lamellae,
degeneration (D) and necrosis (N) in cells of fused lamellae in addition to severe hemorrhage (hr) in center
of filament. (11) Hemorrhage (hr) in center of primary lamellae, hyperplasia (Hp) and separation (S) in
epithelial cell of secondary lamellae. (12) Hemorrhage (Hr), degeneration (D) and hemolysis (Hs) in primary
lamellae, hyperplasia (Hp), separation (S) and curling (Cr) in secondary lamellae.
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Figs. (13-20): (13, 14 and 15) Severe hemorrhage (Hr) in centers of primary lamellae and curling (Cr) and separation (S)
in secondary lamellae. (16, 17 and 18) L.S. of fish gills of O. niloticus obtained from Tamalay station
showing severe hemorrhage (Hr) in primary lamellae and curling (Cr) and separation (S) of secondary
lamellae. (19) Hyperplasia (Hp), separation (S) and severe necrosis (N) in epithelial cells of secondary
lamellae. (20) Severe hyperplasia (Hp), curling (Cr) and degeneration (D) in epithelial cells of primary and
secondary lamellae.

Figs. (21-26): Histological section in kidney of Oreochromis niloticus stained with H and E, X400. (21) Normal structure
of kidney showing identical nephrons, hematopoietic tissue and blood vessels. (22) Kidney section of O.
niloticus obtained from Kafr El-Zyat station showing degeneration (D) and necrosis in renal tubule,
hemosiderin (Hn) and Haematopoietic tissue. (23) Necrosis (N) in malpighian corpuscles, hemorrhage (Hr)
in tissue and degeneration (D) in haematopoietic in renal tissue. (24) Degeneration (D) and necrosis (N)
in renal tubules and hemorrhage (Hr) in hematopoietic tissue. (25 and 26) Severe degeneration (D), necrosis
(N) with remaining of nuclei, hemorrhage (Hr) and hemolysis (Hs) in renal tissue.
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Figs. (27-39): (27) Kidney section of O. niloticus fish obtained from Shanawan station showing stagnant blood (SB),
fibrosis (F), degeneration (D) and necrosis (N) in renal tissue. (28) Stagnant blood (SB), fibrosis (F),
degeneration (D) and necrosis (N) in renal tissue. (29) Degeneration (D), necrosis (N) and hemorrhage (Hr)
in renal tubules and Malpighian corpuscles. (30 and 31) Necrosis (N) in renal tubules, hemorrhage (Hr) and
hemolysis (Hs) in hematopoietic tissue. (32 and 33) Fibrosis (F) and necrosis (N) with remaining of
cytoplasm and nuclei. (34) Kidney section of O. niloticus fish obtained from Tamalay station showing
severe hemorrhage (Hr) in hematopoietic tissue and degeneration (D) in renal tubules. (35) Hemorrhage
(Hr) and hemolysis (Hs) in hematopoietic tissue, degeneration (D) and necrosis (N) in renal tubules and
malpighian corpuscles. (36 and 37) Hemorrhage (Hr) in renal tubules and malpighian corpuscles, necrosis
(N) and degeneration (D) in renal tubule. (38 and 39) Severe degeneration (D), necrosis (N) and
hemorrhage (Hr) in renal tissue, renal tubules and malpighian corpuscles. 
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However, kidney samples collected from Shanawan Chemical Parameters
station suffered from stagnant blood (Sb) (Fig. 28), pH value: The pH of natural water affects biological and
fibrosis (Figs. 28, 32, 33), degeneration (D) (Figs. 28, 29, chemical reactions, controls the solubility of metal ions
33), necrosis (N) (Figs. 28, 29, 30, 31, 32, 33), hemorrhage and affects natural aquatic life. For aquatic life the
(Hr) (Figs. 29, 30) and hemolysis (Hs) (Fig. 30). At desirable pH value for freshwater is in the range of 6.5-9.0.
Tamalay station fish kidney suffered from hemorrhage In the present study, the measured pH values for
(Figs. 34, 35, 36, 37, 39), degeneration (Figs. 34, 35, 36, 37, freshwater are within the desirable range reported by
38, 39), hemolysis (Fig. 35), necrosis (Figs. 35, 36, 38, 39) Mahmoud et al. [22] and Chin [25]. 
and fibrosis (Fig. 36).

In present study, kidneys were found to be most Carbonate and Bicarbonate Alkalinity: Certain freshwater
affected by changes in water quality. This may be due to fish species affected by more alkaline conditions. Strong
the fact that it is one of the principal sites of detoxification alkalis in certain polluting effluents probably produce
in fish body. asphyxiation by the coagulation of gill secretions [26].

DISCUSSION dissolved oxygen content of studied water. The lower

Physical Parameters and hence greater solubility of CaCO . The change in
Air and Water Temperature: Temperature is a critical alkalinity is analogous to variation in calcium content of
control parameter in aquatic system and it is a key water [26, 27]. 
parameter which influences the physical, chemical and
biological transformation in the aquatic environment [19]. Total Dissolved Solids: Total dissolved solids (TS) are

The  changes  of water temperature may depend on very useful parameter describing the chemical
the variation in meterological condition, time of sampling, constituents of the water and can be considered as a
air temperature, back radiation and latent heat of general parameter measure of edaphic relationships that
evaporation as recorded by Awad [20], Al-Afify [21] and contribute to productivity within the body of water [28].
Mahmoud et al. [22]. The high value of TS in this study especially at Shanawan

Transparency:  It is  controlled  by  depth  and turbidity agricultural wastes in this branch [21].
of  the  water  and  is  affected  by  particulate  content  of
the river water of suspended matter and floating Dissolved Oxygen: Dissolved oxygen is very important
substances [23]. Also, it is influenced by abundance of factor to the aquatic organisms, because it affects their
phytoplankton and zooplankton in water column. The biological processes, respiration and oxidation of the
decrease in transparency at Shanawan station may be due organic matter in water. It is one of the most important
to  sewage  and  domestic  wastes.  The  present  results water quality characteristic in the aquatic environment. 
agree with that obtained by Mahmoud et al. [22] and The depletion in dissolved oxygen at Shanawan may
Ahmed [24]. be due to agriculture and sewage runoff. While at Kafr El-

Electrical Conductivity: According to APHA [17], Tamalay may be due to agricultural wastes. These results
electrical conductivity is a measure of the ability of agree with that obtained by Mahmoud et al. [22] and
aqueous solution to carry an electric current. This ability Tayel [29], who revealed that depletion to decomposition
depends on the presence of ions, their total of suspended organic matter of sewage wastes.
concentration, mobility, valance and temperature of the
medium. Solutions of most inorganic compounds are Chloride Content: Chloride ion is an essential element for
relatively good conductors. Conversely, molecules of the photosynthesis process, photolysis of water releasing
organic compounds that don't dissociate in aqueous oxygen, ATP formation and for certain phosphorylation
solution conduct current very poorly. Thus, the more reactions [30]. The increasing in chloride content at Kafr
abundant the ions, the higher is the conductivity and vice El-Zyat station resulting from the influence of the
versa. In the present study, the higher values of EC may industrial wastes and increase in agricultural runoff to the
be attributed to the presence of domestic and agricultural Rosetta branch [31] and also may be due to sewage which
wastes discharged containing high amount of inorganic contain human urine as a result of sodium chloride which
constitutes [21]. widely used in human diet [32].

The highest alkalinity may be attributed to the lower

oxygen content is indicative of higher content of (CO )3

3

station may be attributed to discharge of domestic and

Zyat may be due to industrial wastes. However at



World Appl. Sci. J., 26 (4): 438-448, 2013

445

Ammonia, Nitrite and Nitrate: Dissolved inorganic interdigitating squamous epithelial cells. Also, mucous
nitrogen is the summation of the ammonia, nitrite and secreting cells and chloride cells are found scattered
nitrate. Ammonia is considered one of the most important between the lamellae [43].
parameters that must be studied in pollution of water Gill hyperplasia may increase epithelial thickness, so
ecosystem [33]. The term ammonia includes the non- as to prevent the entry of toxic ions into the blood stream.
ionized (NH ) and ionized (NH ) species. The increase in These cellular proliferations in respiratory lamellar3 4

the concentration of ammonium ions (NH ) have no effect epithelium may lead to great disturbance of gas exchange4
+

on the aquatic organisms or fish [34]. So, ammonia in and ion regulation for osmoregulation performed by the
water is an indicator of possible bacterial, sewage and gills [44].
animal waste pollution. Natural levels in ground and Gill lamellar telangiectasis is primarily caused by
surface water are usually below 0.2 mg/L [35]. disruption of pillar cells, capillary distension occurs and

Ammonia toxicity causes osmoregulatory imbalance blood accumulation may lead to further fibrosis [45].
kidney failure and suppressed excretion of endogenous These results are similar to those obtained by
ammonia, resulting in neurological and cytological failure. Yacoub [46], Ibrahim and Tayel [47] and Yacoub et al.
The increase in concentration of ammonia in the present [48], who revealed these results to change of water quality
study results in agreement with Mahmoud et al. [22], as a results to industrial, agricultural and sewage wastes.
Tayel [29] and Ali [36]. Capkin et al. [49] found necrotic areas scattered

Nitrites play an important role in the nitrogen cycle of throughout the hematopoietic tissue and renal tubules of
aquatic environment because it is the intermediate the rainbow trout as result of changes in water quality
oxidation state between ammonia and nitrate [37], its such as increase in pH, temperature, alkalinity and
oxidation produce nitrate while its reduction produces hardness.
ammonia. The higher values of nitrite in the present study The histopathological changes that observed in
may be attributed to phytoplankton resulting of organic kidney of the selected species which were collected from
and inorganic fertilizers [38]. The European Economic the three studied area as a result of water quality changes
Community standard shows a maximum admissible limit of recorded in the present study and by many earlier authors
nitrite as 100 µg/L. [22, 50-52].

Nitrate provide an interesting as polluting under Exposure to unionized ammonia caused pathological
special circumstances and their presence in river water alternations in renal tubules of trout kidney [53]. Kadry et
can arise from sewage effluents, drainage from agricultural al. [54] found injuries in kidney tissue of Liza ramada fish
land drained with artificial nitrogenous fertilizers and obtained from water polluted with industrial and
effluent from certain industries [27]. This increase of agricultural wastes in Lake Manzalah. The kidney injuries
nitrate in present study may be attributed to agricultural included degeneration and necrosis of renal tubules and
and sewage effluents as recorded by Mahmoud et al. [22] malpighian corpuscles. 
and Tayel [26]. Finally, it can be concluded that the pollution along

Histological Studies: Histology has been used as a test O. niloticus, i.e., altering their fine structure and affecting
for evaluating toxic effects of water pollutants on fish [39]. their functions. It is recommended to treat the waste water
Results from the histological studies are useful in before it has been discharged into the River Nile to
establishing water quality criteria [40]. protect the aquatic animals and humans from dangers of

The fish gill is a multifunctional organ involved in pollution.
respiration and homeostatic activities such as
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