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Abstract: Different sources of pollutants (industrial, mixed and domestic) were studied and found to affect

50 fish by variable degrees. Industrial effluent was found to be the most dangerous one (LC 7.6%), followed

50 50  by mixed (LC 13%) then domestic effluent (LC 29%). Exposure to pollutant diluted levels (1.5%

industrial, 3.0% mixed and 5.0% domestic) for 42 days led to a decrease in GSI, more smaller and less

developed oocytes, fewer mature oocytes and an increase in number of atretic follicles. In females,

effluents resulted in an extensive necrosis of oolema, hypertrophy and hyperplasia of the follicular cells

of oocytes. Ovaries of treated fish showed atresia in the large vacuolated mature follicles. Ovarian atresia

characterized by broken zona radiata, proliferation of follicular cells and break down of yolk granules. In

males, effluents induced necrosis and degeneration in mature sperms. Inhibition of spermatogenesis with

large number of spermatogonia and few number of spermatids and mature sperms. The gonadotrophs had

 decreased size and low staining affinity. Also, the liver structure was affected, melanomacrophage centers

increased and HSI decreased. It may affect the role of the liver for vitellogenin and cholesterol production.

As a conclusion, low levels of pollutants by time will have an inhibitory effect on the reproduction,

decreasing the fecundity of fish. After a long-term decline, it may lead to eventual extinction.
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INTRODUCTION

The most common cause of pollution to the

world's waterways is the disposal of sewage. A range

of ecological responses in fish have been attributed to

sewage pollution including mortality, behaviour and

reproduction  Previous studies on the effects of[27].

effluents on sexually mature fish demonstrated the

ability of these contaminants to adversely affect gonads

structure. These effects included disruption in gonadal

development . In addition, increasing in number[7 ,15 ,16 ,20 ,28]

of atretic oocytes and proliferation of somatic stromal

tissues ; decreased fecundity and fertility were[24 ,26]

recorded ; reduced gonadosomatic index .[3 ,9] [6 ,10]

Deformation in sperm and Sertoli cells structure

were detected ; reduction in number of mature[12 ,19 ,25]

sperm cells and lobular fibrosis of testis . [29]

Variation in hepatosomatic index was recorded[4 ,8]

and melanomacrophage aggregates with golden to

brown pigment . [1 ,14 ,18]

The pituitary gland showed small number and

inactive gonadotrophs ; deformed and decreased[23]

diameter gonadotrophs .[22]

The chemical analysis would have to cover a wide

range of different compounds, and due to the

interactive effects of the chemicals, the result of

chemical analysis may not indicate any potential

biological significance. Thus, histology may offer more

sensitive assessment of potential effects of wastewater

on aquatic organisms  [17].

The present study was set up to elucidate the

comparative impact of different pollutant sources on

Siganus rivulatus as a study model to investigate

whether upon dilution give rise to histopathological

effects on gonads, liver and pituitary and the influence

they have on reproductive parameters.

MATERIALS AND METHODS

Wastewater samples were collected from three

different sources in Alexandria: Industrial, Mixed and

Domestic. They were stored at 4°C till analyzed. The

50medium lethal concentration (LC -96hr) and waste

analysis were carried out .[5]

Fish were obtained from Mediterranean water of

Alexandria Coast, Egypt. They were fed by green

algae. Sixty four healthy mature fish with total length

ranged from 15.2 to19.0 cm, and total weight ranged

from 42.6 to 76.6 gm were randomly distributed among

8 glass tanks (two replicate tanks for each

concentration).

Waste concentrations were applied as follows:

Industrial (1.5%), Mixed (3.0%) and domestic (5.0%).

50These concentrations are chosen according to LC
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values to be sure that they do not cause death during

the experimental period. The experiment duration was

six weeks. At the end of the experiment, the fish were

dissected, and the gonads, liver and the pituitary gland

were obtained separately. Gutted weight of the fish,

gonad and liver weight were recorded. Gonadosomatic

index (GSI), hepatosomatic index (HSI), absolute

fecundity and ova diameter were calculated. Samples of

gonads, liver and the pituitary gland were histologically

examined.

RESULTS AND DISCUSSIONS

Results:

1. Chemical characteristics of raw wastes: The

values of physico-chemical parameters of the

wastewater in different sewage pump stations in

comparison with the standard values of these

parameters set by the law number 48/82 for sanitary

drainage  into non fresh water bodies are shown in

3 Table (1). Nearly all parameters except for NO and

Table 1: Chemical characteristics of the different raw wastes.

Parameters Standard Wastes

values -----------------------------------------------------------------------------------------

Industrial M ixed Domestic

BOD (mg/l) 60 806 609 164

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

COD (mg/l) 80 1300 1053 298

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

pH 6.9 7.9 7.7 7.3

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

Colour (P.S.C.) Free 1058 708 264

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

Turbidity (N.T.U) #50 447 118 46

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

3NH -N (mg/l) - 4.5 12 1.6

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

3NO -N (mg/l) 50 0.7 0.2 0.1

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

4  PO (mg/l) - 21 57 12

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

4SO (mg/l) - 439 183 99

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

3Alkalinity (mg/l as CaCo ) - 346 243 136

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

Cl (mg/l) - 3146 219 192

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

Detergent (mg/l) - 8.5 6.7 3.1

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

2H S (mg/l) 1 5.4 3.0 0.1

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

T. S. (mg/l) - 4575 1462 649

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

V. S. (mg/l) - 725 671 196

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

F. S. (mg/l) - 3850 791 453

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

S. S. (mg/l) 50 796 642 170

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

D. S. (mg/l) 2000 3779 820 478

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

Sett. Solids (ml/l(lhr)) - 58 11.3 4.1

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

G & Oils (mg/l) 10 34 129 56

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

M etals content (ìg) -

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

Fe - 16.9 18.9 18.6

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

Zn - 12.7 13.1 12.8

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

Cu - 8.4 4.7 6.3

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

Cd - - - 0.01

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

Pb - - 0.5 -

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

Total metal 1 (mg/l) 38.0 37.2 37.71
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Table 2: Gonadosom atic index (GSI) and Hepatosom atic index (HSI) of Siganus rivulatus subjected to different waste sources.

Sex           GSI          HSI

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

Control Industrial M ixed Domestic Cont In. M . Do

Female 6.47 4.18 4.41 4.71 1.91 1.34 1.41 1.66

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

M ale 9.91 7.34 7.77 8.86 1.57 1.09 1.17 1.46

Plates (1-4): Cross section in the fish ovaries arranged as follows:
Plate (1): control, Plate (2): Industrial, Plate (3): Mixed, Plate (4): Domestic. follicular epithelium
(fe), zona radiata (zr), atretic oocytes (Ao)

heavy metals for the different wastes showed higher

values than the standard. Industrial waste showed

highest values of many parameters. On the other

hand, domestic waste showed the lowest values of

nearly all parameters.

50 2. Determination of LC values: The effect of

dilutions of different wastewater on fish mortality in

the set standard time of 96 hours and the values of

50 50 LC  were detected. LC of industrial effluent was

7.6%, while for mixed effluent, it was 13% and 29%

for domestic effluent. Industrial and mixed effluents

50are classified as highly toxic effluents (LC <20%).

3. Effect on gonado - and hepato somatic indices

Gonadosomatic index values of the fish exposed to

the wastes decreased in both females and males

compared to the control group (Table 2). The

maximum fell in GSI values was recorded in case of

fish exposed to industrial waste. Hepatosomatic index

values of the exposed fish groups showed the same

trend as that of GSI when compared to the control

group. 

4. Effect on fecundity and egg diameter The

frequency distribution curves of egg diameters in the

ovary of the fish subjected to the industrial waste

was shifted to the lowest values compared to those

subjected to mixed or domestic wastes. In addition,

the largest egg diameter (0.6 mm), was lacked in

case of the industrial waste as shown in figure (1).

The absolute fecundity of the fish exposed to

industrial waste was the lowest among all groups. It

was followed by the group exposed to mixed waste,

and then by the domestic waste, which was the

nearest to the control group.

5. Histological changes in the ovaries: Examination

of the ovaries of fish from the control group showed

well developed eggs with intact follicular epithelium

(fe) and zona radiate (zr) (Plate 1). Ovaries of fish

exposed to industrial effluent showed different types

of artesia that are common in mature follicles.

Deformed zona radiata are highly present and clearly

observed. Most of zona radiata are segmented and

broken down in several sites invade the oocyte and

devoured the surrounding cytoplasm. Some oocytes 
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Fig. 1: Frequency distribution curves of egg

diameters in the ovary of Siganus rivulatus

exposed to different waste sources.

are degenerated. The distinctive form of both yolk

and cytoplasm changed and became highly vacuolated

(P late 2). Beside zona radiata hypertrophy,

segmentation and breakdown, proliferation of

follicular theca cells are shown in ovaries of females

exposed to mixed effluent (Plate 3). The majority of

oocytes in females exposed to domestic effluent are

nearly normal in shape, some have proliferated

vascular theca cells (Plate 4).

Transmission electron microscope observations of

ovary of control fish showed that the ova membrane

consisted of three layers. The sub-internus (si) located

next to the oocyte plasma membrane and laminated

in structure. The laminations were slightly thick and

more spaced. The internus (i) was also laminated and

the laminations were compacted when compared with

those of the sub-internus. During the early stages of

ovulation, a new layer deposited on the external

surface of the egg. The epi-layer (el) appeared thin,

compressed and electron dense. The follicular

epithelium layer (fe) had elongated heavy electron

density nucleus with granular chromatin, and more

condensed chromatin at the periphery. A thin rim of

cytoplasm surrounded the nucleus (Plate 5).

Ova of fish exposed to industrial waste showed

separation of zona radiata layer from overlying

follicular epithelial cells layer and become deeply

embedded in ooplasm. Both the sub-internus and

internus layer were greatly deteriorated and

degenerated (Plate 6). Fish exposed to mixed effluent

showed hypertrophied follicular epithelial cells with

picnotic nucle i and  degenerated cytoplasmic

organellae. The internus and sub-internus layer

showed loss of laminations and beginning of

disintegration (Plate 7). According to fish exposed to

domestic waste, no detected change was found in

internus and sub-internus layers. Follicular epithelial

layer showed cells hypertrophy and hyperplasia,

shrinkaged nuclei, increased number of mitochondria

and appearance of vacuoles of variable size in

cytoplasm (Plate 8). 

6. Histological changes in testis: Testis of Control

fish have lobules filled with spermatozoa and thin

interlobular tissue (Plate 9).Males exposed to different

effluent sources show regression and delay in

spermatogenesis compared to Control. These effects

include block of spermatogonial mitosis as in testis

of male exposed to industrial effluent (Plate 10).

Mixed effluent exposed fish showed, inhibition of the

development of early stages of male germ cells to

elder ones (Plate 11). While in case of domestic

effluent, a delay in conversion of spermatid to

spermatozoa and thickened interlobular tissue were

observed (Plate 12).

The electron microscope features of the testis in

control fish group showed mature spermatozoa. The

sperms had rounded nucleus occupying nearly all the

head (H) with homogeneous chromatin material. The

nuclear fossa forming an invagination at the posterior

end of the head followed by the elements of the

axial filament (af) that extended posterior along the

tail. The neck (n) was short embedded in the nuclear

fossa to form a short connection between the head

and the flagellum. The tail consisted of the axial

filament which was covered by undulating cell

membrane. The proximal part of the axial filament

extended in the midpiece characterized by a single

layer of ring shaped mitochondria (m) extended along

its length, having well developed cristae (Plate 13).
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Plates (5-8): Electron microscopy of fish ovaries arranged as follows:

Plate (5): control, Plate (6): Industrial, Plate (7): Mixed, Plate (8): Domestic. sub-internus (si),

internus (i), epi layer (el), follicular epithelium (fe) 

Plates (9-12): Cross section in the fish testis arranged as follows:

Plate (9): control, Plate (10): Industrial, Plate (11): Mixed, Plate (12): Domestic. spermatozoa

(s), interlobular tissue (it).

Sperms of males in experimentally exposed

groups looked abnormal. In industrial effluent

exposed males, sperms had shrinkaged nucleus with

undulatory membrane, and condensed chromatin

material. The mitochondria had various shapes with

abnormal hyaline cristae. Tails have irregular outlines

and sometimes white patches. Transverse section in

tail  showed  deteriorated oxonemal composition 
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Plates (13-16): Electron microscopy of fish testis arranged as follows:

Plate (13): control, Plate (14): Industrial, Plate (15): Mixed, Plate (16): Domestic. mature

spermatozoa head (H), axial filament (af), neck (n), mitochondria (m) 

Plates (17-20): Cross section in the fish liver arranged as follows:

Plate (17): control, Plate (18): Industrial, Plate (19): Mixed, Plate (20): Domestic.

melanomacrophage (mmc),

(Plate 14). Mixed effluent exposed males had

deformed and disintegrated sperms. Head became

elongated and had wavy outlines. The chromatin

material became condensate and the mitochondria

became swelled and hypertrophied with undeveloped

cristae. The tails had white patches and wavy

outlines (Plate 15). In domestic waste exposed males,

sperms revealed variable and considerable degrees of

deformation. The head of the sperm showed

disintegration with rough outlines and degenerated 
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Plates (21-24): Midsagital section of the pituitary gland arranged as follows:

Plate (21): control, Plate (22): Industrial, Plate (23): Mixed, Plate (24): Domestic. gonadotrophs

cells (GTH).

nucleus. The mitochondria sheath in midpiece showed

different signs of degeneration. It became, swollen,

disorganized, or completely degenerated (Plate 16).

7. Histological changes in the liver: Liver of

control fish showed normal hepatic acini arrangement

in regular manner. Hepatocytes have polygonal shape

with clear cellular border lines and homogenous

cytoplasm. The quite concentric nucleus have clear

nucleoli (Plate 17). The major histological difference

between control and treated fish group was the

presence of melanomacrophage centers (MMC) and

disturbance in cordial arrangement of hepatocytes

(Plates: 18 - 20). Liver of industrial effluent exposed

fish possess increased number of MMC compared to

other exposed groups (Plate 18). 

8. H istolog ica l changes in p ituitary: The

Gonadotrophic hormone secreting cells (GTH) are

mainly located in the part of the central and ventral

proximal pars distalis and are also found in the pars

intermedia (Plate21). In the present study the GTH

cells showed decreased size and staining low affinity

compared to control (Plates 22, 23 &24).

Discussion: The present study showed wide variations

between different waste sources. This variation is

mostly according to the chemical constituents.

However most of the constituents were of higher

values than the standard stated by law number

(48/82). Domestic waste has the lowest values in

most of the chemical parameters and is considered

the weakest pollutant in comparison to other waste

waters. This might be due to the type of the waste,

which is basically has no industrial waste at all.

Meanwhile, Industrial wastewater shows marked

higher values of BOD, COD and high content of

4 2solids. Also, it has higher values of SO , H S,

chlorides and detergents as well, since it receives

wastes from different industries as paper reprocessing

company, starch processing, backing yeast plant,

match processing plant, salt and soda company and

extracted oils company. Mixed effluent showed the

4 highest values of phosphate. The sources of PO in

wastewater are the breakdown of human or animal

cells, industry processing biological materials as food,

detergents and soaps, also active agents used in

many industries such as textile where phosphoric

acid, zinc phosphate solution is released. It receives

wastes from textile industries, domesting wastes from

the surrounding areas as well as wastes from animal

sheds. 

The toxicity of an effluent is related to its

potency to cause oxygen depletion, which is due to

the presence of high amount of toxic organic matters,

which makes the ratio COD/BOD greater than 1. It

also contains toxic constituents other than organic

3 2matters include NH /H S and inorganic salts (sulphate,



J. Appl. Sci. Res., 3(3): 236-244, 2007

243

chloride). Thus, the presence of these substances

could be the cause for fish toxicity.

Generally speaking it could be concluded that

toxicity is a complex process, function of many

factors induced by the complex organic and inorganic

nature of the wastes. 

The toxicity of the effluent in this study was

presented as disruption in gonads development. It

comes in agreement with other studies for fish

inhabiting water impacted by domestic sewage , in[7]

salmon exposed to bleached Kraft mill effluent .[15]

Also oogenesis and spermatogenesis were inhibited in

sewage treated medaka ; and on exposure of[28]

Siganus rivulatus to copper works effluent .[2 6 ]

Deformed sperms were detected in fish due to

pollutant exposure .[12 , 25]

In the present study, a 42 day direct exposure to

diluted level of effluents didn't have observable

effects on fish survival, but led to decrease in GSI

in both sex and decreases in fecundity and fish

fertility. GSI decreases have been reported in fish

after exposure to bleached Kraft mill effluent  or[9]

exposure to domestic effluent . Effects on the[6 ,10]

gonads including reduction of gonad size (and thus

the gonadosmatic index) and the reduction in number

of germ cells sometimes by time may bring the

animals to sterility by complete voiding of germ

cells .[11; 13]

As regards HSI, the decrease in its value was

observed, which was previously reported in flounder

exposed to leachate from Swedish refuse dumps . In[4]

addition, melanomacrophage aggregates in liver was

related to pollution . Also, melanomacrophage[2 ,21]

aggregates were detected in liver of fish inhabiting

polluted areas of Sydney Cliff . [1 ,14]

A decrease in gonadotrophs diameter and its

affinity to dyes in the present study were previously

reported on exposure to cythion and cadmium .[23 ,22]

In conclusion, this study corroborates that

Alexandria combined sewage is of abnormal

characters and has high toxicity strength. This could

be attributed to the flow of wastes without treatment.

Even decreased doses of effluents could impair fish

reproduction that reflects the necessity for sewage

treatment before final disposal of these effluents to

water drainages reaching the fish hatcheries.
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