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The physiological and histological changes in Ti/apia zillii 
(Gerv.) after exposure to sublethal concentrations of the efflu
ent of the Egyptian Copper Works have been investigated. 
The results of acute toxicity test showed that the LC50 was 
25 cm3/drn3, which means that this waste water is highly toxic. 
The results of physiological and histological changes in Tilapia 
zillii (Gerv.) showed that, fish were under considerable stress 
during exposure to sublethal doses of this waste water. 
Physiological response of fish revealed a significant distur
bances in respiratory system, fish metabolism, and ionic osmo
regulation. Pathological changes attributed to heavy metals 
were observed in the gills, liver, and kidney. Bioaccumulation 
of copper was highest in the liver, followed by the gills, and 
flesh. It is concluded that the waste water of the Egyptian Cop
per Works was not acceptable to discharge to drainage canal. 
Moreover, this plant should institute appropriate in-plant con
trol to reduce emission of heavy metals. 

INTRODUCTION 

Uncontrolled discharge of industrial effluent in Alexandria has led to severe impact on 

ecological balance and appreciable environmental deterioration. Heavy metals are among 

the pollutants which can cause pollution to aquatic organisms. Their concentrations usually 

show a considerable rise in the waters receiving industrial wastes. 

The Egyptian Copper Works is considered to be an important source of pollution with 

heavy metals (Mourad 1984). This factory is located in Hagger El-Newatya and discharges 
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about 70 OOO m3/day. The waste water of this factory is collected in municipal sewer system 

and discharged to Lake Mariut. 

Although there are several papers available on the effects of the effiuent of the Egyp

tian Copper Works to aquatic organisms (Hamza et al. 1985; Mourad 1995; Aboul-Naga 

and Allam 1996), yet no information has been published about physiological and histological 

changes following the exposure to this waste water. The measurement of these changes may 

provide a sensitive method for predicting the effect of chronic exposure on survival, repro

duction and growth. 

Therefore, the main objective of this study is to assess the physiological and histologi

cal changes in Tilapia zillii (Gerv.) after exposure to sublethal concentrations of the effluent 

of the Egyptian Copper Works. 

MATERIALS AND METHODS 

Specimens of Tilapia zillii (Gerv.) obtained from El-Mex Fish Fann, weighing 

11.9 ±1.2 g and measuring 9.1 ±1.2 cm were brought to the laboratory and acclimated un

der appropriate experimental conditions for two weeks. The fish were fed on a diet con

taining 35% of protein. The water temperature ranged from 22 to 24°C. The dissolved oxy

gen concentration was maintained at, or close to 100% of air saturation by vigorous aera

tion. 

Representative large samples of the effluent of the Egyptian Copper Works were 

brought to the laboratory in plastic containers. 

Acute toxicity test was carried out according to Standard Methods for the Examina

tion of Water and Wastewater (1975). 

To study the effects of sublethal concentrations of this waste water, ten fish were in

troduced to each aquarium containing 50 litres of different dilutions (2.5; 5.0 cm3/dm3). The 

time of experiment was 4 weeks. To determine the effects of sublethal concentrations on 

some haematological parameters of fish, the blood was collected directly from the caudal 

artery into heparinized capillary tubes. Plasma protein and glucose were measured using 

standard kits (Modem Laboratory Chemicals). Plasma ion concentrations of sodium and 

potassium were measured using Gallenkamp :flame analyser. Hematocrit was determined 

using microhematocrit tubes. Muscle protein concentration was measured using the method 

ofBiuret (Gomall et al. 1949). Muscle lipid concentration was measured using the method 

of Knight et al. (1972). Moisture was determined by drying at 125°C for 3 hours and ash 

was measured by heating at 550°C for 3 hours. 

Copper concentration in the liver, gills, and :flesh was determined according to Stan

dard Methods for the Examination of Water and Wastewater (1975) using Atomic Absorp

tion Spectrophotometer (Spectr AA 10 plus). Copper was chosen in this study since it rep-
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resent the highest metal concentration recorded in this waste water (Mourad 1995). Also, 

the toxic effects of mixture of heavy metals on the physiological parameters were mainly 

attnbuted to copper (Hilm.y et al. 1987). 

Biopsy specimens were collected for microscopic investigation from the gills, liver, 

and kidney of control and treated fish. Fixed in saline formalin solution, dehydrated, 

cleared, and embedded in paraffin wax, sectioned at 5-µm-thick sections, stained using 

Ehrlish haematoxylin and eosin, mounted for microscopically examination. Statistical test 

(t-test) was made to evaluate the significant changes caused by this waste water. Signifi

cance of differences was accepted at 5% level. 

RESULTS AND DISCUSSION 

The results of acute toxicity test for Tilapia zillii (Gerv.) exposed to different con

centrations of the effluent of the Egyptian Copper Works showed that the LCso was 

25 cm3 /dm3
, which means that this waste water is highly toxic. The toxicity of this waste 

water is attributed mainly to combination of several synergistic factors e.g. high concentra

tion of heavy metals and solids besides low pH and dissolved oxygen (Mourad 1995). 

Tab. 1 represents the physiological response ofTilapia zillii (Gerv.) after exposure to 

sublethal concentrations of the effluent of the Egyptian Copper Works (2.5; 5.0 cm3/dm3
) 

for 28 days. A significant increase in hematocrit from 25.88% to 30.23 and 31.81% was 

observed after exposure to this waste water which may be attnbuted to gill damage or in

creased demand for oxygen by certain tissues (Andersson et al. 1988). Hematocrit value 

increase was also observed by several authors after exposure to heavy metals (McKim et al. 

1970; Hilmy et al. 1987). 

A significant hyperglycaemia was also recorded after exposure to this waste water 

e.g. control fish had a mean plasma glucose of 56.80 mg/100 cm3 while the-treated fish ex

hibited an increase in the levels of plasma glucose to 65.30 and 81.00 mg/100 cm3, respec

tively. This means that the fish were subjected to some sort of hypertoxic stress. It is well

known that stressful stimuli elicit rapid secretion of both glucocorticoids (Wedemeyer 1969)

and catecholamines (Nakano and Tomlinson 1967) from the adrenal tissues offish and both

of these hormones produced hyperglycaemia (Oguri and Nace 1966). The obtained results

are in agreement with Dange (1986) and Benson et al. (1987) who recorded an increase in

plasma glucose levels after exposure to heavy metals.

In this study, tissue and plasma total protein were generally influenced by this waste 

water which may be attnbuted to the relative changes in the mobilisation of protein. 
Changes in the plasma protein concentrations may be a result of increased production of 

metallotbionein which is a sequestering agent (Cousins 1982). The synthesis of these protein 

was found to be induced by several factors mainly the heavy metals (Oh et al.1978). On the 
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other hand, the elevation of plasma glucose which runs parallel to a decrease in muscle 

protein content may be on indication of a gluconeogenetic response. This additional source 

of glucose may support the fish with the required energy highly demanded to cope with the 

presence of a potentially harmful substances such as heavy metals. 

Table 1 

Physiological response of Tilapia zillii (Gerv.) ** exposed to sublethal concentrations 

of the effluent of the Egyptian Copper Works for 28 days 

Parameter 
Concentration (vol./vol.) 

Control 2.5 cm3/dm3 

Hematocrit (%) 25.88 ±1.08 30.23 ±1.19* 
Plasma protein (mg/100 cm3) 4.63 ±0.13 4.85± 0.13* 
Plasma glucose (mg/I 00 cm3) 56.80 ±4.34 65.30 ±4.13* 
Plasma sodium (mmol/dm3) 140.00 ±3.79 144.50 ±3.08* 
Plasma potassium (mmol/dm3) 14.50 ±1.10 15.60 ±1.70 
Muscle protein (mg/100 mg) 21.60 ±1.20 20.20 ±1.08* 
Muscle lipid (mg/100 mg) 1.68 ±0.62 1.72 ±0.48 
Water content (%) 75.20 ±1.84 74.10 ±1.78 
Ash content(%) 7.10 ±0.85 7.30 ±0.94 
Fish condition (Kf) 1.51 ±0.03 1.47 ±0.03* 

* Significant difference in comparison to control group.
** Average of 10 fish ±standard deviation.

5.0 cm3/dm3 

31.81 ±0.98* 
4.93 ±0.21 * 

81.00 ±6.38* 
146.50 ±4.78* 
16.40 ±1.80* 
18.30 ±1.27* 
1.69 ±0.52 

73.70 ±1.86 
7.60 ±0.59 
1.47 ±0.02* 

An increase in the levels of plasma sodium and potassium concentrations were also 

observed after exposure to this waste water. This may be attributed to the changes in the 

permeability to sodium and potassium at the branchial site. The obtained results are in ac

cordance with Stagg and Shuttleworth (1982) who found disturbances in plasma electrolyte 

concentrations after eAposure of the fish to copper. 

The condition of fish exhibited a significant depression after exposure to this waste 

water which might be a result of elevation of the :fish metabolic rate and cessation of feed

ing. Buckley et al. (1982) showed also a decrease in the condition offish after exposure to 

copper. Changes in the muscle lipid, ash, and water content were statistically insignificant. 

Tab. 2 represents bioaccumulation of copper in different organs of :fish after exposure 

to sublethal concentrations of the waste water. It is evident that, bioaccumulation of copper 

in :fish organs increased as the concentration of copper in the exhibited water increased. 

Also, the copper levels were elevated in the liver, gills, and flesh of the exposed :fish com

pared to control with the liver tissue accumulating a much larger amount of the metal than 

any other tissue. This is a common phenomenon, since liver plays a major role in the pro

tection against chronic heavy metals exposure both by producing metallothioniens and by 



Fig. 1. Frontal section in gill filament of control Tilapia zillii showing 

secondary lamellae (SL) orginated on either side of primary 

lamella (PL), wide interlamellar space (see arrow). H & E x400 

Frontal section in gill filament of Tilapia zillii exposed 

to 2.5 cm3/dm3 of effluent showing hyperplasia of primary 

epithelial cells leading to partial blocking of interlamellar space. 

H & Ex300 



Fig. 3. Frontal section in gill filament of control Tilapia zillii exposed 

to 5.0 cm3/dm3 of effluent showing extensive hyperplasia 

of primary epithelium cells and blocking of interlamellar space. 

H &Ex300 

(PL) primary lamella, (SL) secondary lamella, (PI) pillar cell, 

(EP) epithelial cell, (ILS) interlamellar space 

Fig. 4. Cross-section in liver of control Tilapia zillii showing uniform 

cells and well organized liver cords alternating with sinusoids. 

H & Ex300 



Fig. 5. Cross-section in liver of Tilapia zillii exposed to 2.5 cm3/dm3 

of effluent notice hepatic cells deposite large amount of fat-inducet 

by clear area. 

H & E x300 

Fig. 6. Cross-section in liver of Tilapia zillii exposed to 5.0 cm3/dm3 

of effluent showing severe infiltration and necrosis of nuclei. 

H & Ex300 



Fig. 7. Cross-section in kidney of control Tilapia zillii showing 

normal structure of tubules and haemapoietic tissue in between 

tubules. H & E x300 

Fig. 8. Cross-section in kidney of Tilapia zillii exposed to 2.5 cm3/dm3 

of effluent showing beginning of tubules destruction and pycnosis 

of nuclei. Notice deposition of dark granules in glomeruli. 

H & Ex300 



Fig. 9. Cross-section in kidney of Tilapia zillii exposed to 5.0 cm3/dm3 

of effluent showing great destruction of tubules, nuclei pycnosis, 

darkly staining glomerulus and reduction of haemapoietic tissue 

in between tubules. 

H &Ex300 

(RT) renal tubule, (PN) pycnotic nucleus, (SN) swelling of nucleus 
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acting as a storage site of the bound metal (Webb 1979). The obtained results are in agree

ment with Shakweer and Abbas (1997). 

Table2 

Copper concentration (µgig) in different organ ofTilapia zillii (Gerv.) exposed to 

sublethal concentrations of the effluent of the Egyptian Copper Works for 28 days 

Organ 
Concentration (vol./vol.) 

Control 2.5 cm3/dm3 

Liver 3.97 ±0.50 10.76 ±3.47 * 
Gills 3.52 ±0.39 4.26 ±0.32* 
Flesh 2.24 ±0.14 2.88 ±0.32* 

* Significant difference in comparison to control group.

** Average of 10 fish± standard deviation.

5.0 cm3/dm3 

14.81 ±5.69* 

4.90 ±0.56* 

3.30 ±0.56* 

Histological examination of the fish after exposure to sublethal concentrations of the 

effluent of the Egyptian Copper Works revealed serious disturbances in the gills, liver, and 

kidney tissues. As shown in Fig. l, control gills had normal structure oflamellae and wide 

interlamellar space. The fish exposed to diluted effluent showed hyperplasia of primary 

lamellar epithelium leading to obstruction of the water passage and reduction of the respi

ratory surface area (Figs.2, 3). Similar results were recorded in other teleosts exposed to 

copper (Gardner and Roche 1973; Daoust 1981; Khadre 1990). 

The liver of control fish group showed the usual polyhedral hepatocytes, homogene

ous cytoplasm, and rounded nuclei (Fig. 4). The exposed fish showed fatty infiltration with 

nuclear pycnosis (Figs. 5, 6). This fatty infiltration may be due to metabolic disturbances in 

liver tissue that enhanced activity of biotransformation enzymes. Histological lesions in

volving extensive fatty infiltration due to abnormal lipid accumulation in present work is in 

agreement with those finding ofBacker (1969) and Khadre (1991). 

The kidney of control fish showed normal structure of renal tubules (RT) and haema

poietic tissue in between (Fig. 7). The exposed fish showed tubular destruction and epithe

lial cell oedema. This oedema caused detachment of the epithelial cells from the underling 

basement membrane, pycnosis of nuclei, and swelling of others. Deposition of dark granules 

inside glomeruli were also observed (Figs. 8, 9). This darkly stained granules may be a re

sult of alteration in urinary pH or urinary stasis as a consequence of tubular destruction. 

Backer (1969) and Wahbi (1998) found the same results in winter flounder and Solea vul

garis due to copper and industrial effluent toxicity. 
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CONCLUSIONS 

1. The median lethal concentration of the effluent of the Egyptian Copper Works for Ti

lapia zillii (Gerv.) was 25 c:m3/dm3
• 

2. Significant changes in fish metabolism and osmoregulation were recorded during expo

sure to sublethal doses of this effluent (2.5; 5.0 cm3/dm3).

3. Histological examination showed serious disturbances in the gills, liver, and kidney.

4. The highest amount of copper was accumulated by the liver followed by the gills and

flesh.

5. The efiluent of the Egyptian Copper Works was not acceptable to discharge to aquatic

system.

REFERENCES 

Aboul Naga W., S. Allam, 1996: Heavy metals concentrations in the tissues of Tilapia zillii Gerv. 
exposed to waste water discharge of Egyptian Copper Factory. J. Egypt. Ger. Soc. Zool., 19 
(A): 21-35. 

Andersson T., J. Hardi( L. Forlin, A. Larsson, 1988: Physiological disturbances in fish living in 
coastal water polluted with bleached kraft pulp mill effluent. Can. J. Fish. Aquat. Sci., 45: 
1525-1535. 

Backer J., 1969: Histological and electron microscopial observations on copper poisoning in the 
winter flounder Pseudopleuronectes americanus. J. Fish Res. Bd. Can., 26, 1: 2785-2793. 

Benson W., C. Watson, K. Bear, R. Stackhouse, 1987: Response ofhematologic and biochemical 
parameters to heavy metals exposure: Implication in environmental monitoring. Presented at 4-
International Symposium on Response of Marine Organisms to Pollutants, Wood Hole, MA 
(USA), 22-24 Apr. 

Buckley J., C. Watson, K. Bear, R. Stackhouse, 1982: Chronic exposure of coho salmon 
to sublethal concentrations of copper. 1. Effect on growth on accumulation and distribu
tion of copper and on copper tolerance. Comp. Biochem. Physiol., 71.C (1 ): 15-19. 

Cousins R., 1982: Relationship of metallothionein synthesis and degradation to intercellular zinc 
metabolism. In: Biological Role of Metallothionein, Elsevier North Holland, Amsterdam: 251. 

Dange A., 1986: Changes in carbohydrate metabolism in Tilapia, Oreochromis mossambicus during 
short-term exposure to different types of pollutants. Environ. Pollut. (Ecol. Biol.), 41 (2): 165-
177. 

Daoust P., 1981: Acute pathological effects of mercury, cadmium and copper in rainbow trout. 
Diss. Abst. IN1. PT. B. Sci., Eng., 42 (5): 178. 

Gardner G., G. Roche, 1973: Copper induced lesions in estuarine teleosts. J. Fish. Res. Bd. Can., 
30: 363-368. 

Gomall A., C. Bardawill, M. David, 1949: Determination of serum protein by means of the biuret 
reaction. J. Biol. Chem., 177: 751-766. 

Hamza A., A. Mekkawy, A. El Gbamry, H. Saleh, M. Mourad, 1985: Fish bioaccumulation of 
heavy metals from Tanning and Copper effluents Bull. High Inst. Public Health: 97-113. 



Biological and histological changes in Tilapia zilli 79 

HilmY A., N. El Domiaty, A. Daabees, H. Abdel Latife, 1987: Some physiological and biochemi
cal indices of zinc toxicity in two freshwater fishes, Clarias lazera and Tilapia zillii. Comp. 
Biochem. Physiol., 87C (2): 297-301. 

Kbadre S., 1990: Changes in gill structure and blood profiles following acute toxicity in two fresh 
water teleosts. Proc. of Intern. Symp. on Biology and Culture of Tilapias. 27-31 October, 
Alexandria, Egypt. 

Kbadre S., 1991: Cytochemical localization of heavy metals in some tissues of Tilapia zillii inhab
iting Lake Mariut. Inter. Conf. Marine Fish Manag. and Develop. 24-27 Feb, Alexandria, 
Egypt. 

Kmght J., S. Anderson, J. Rawe, 1972: Chemical basis of the sulfo-phospho-lipids. Clin. Chem., 
18: 199. 

McKim J., G. Christensen, E. Hunt, 1970: Changes in the blood of brook trout, Salvelinus fonti

nalis after short-term and long-term exposure to copper. J. Fish. Res. Bd. Can., 27: 1883-1889. 
Mourad M., 1984: Bioaccumulation and toxicity of heavy metals associated with selected industrial 

emissions in Alexandria. MSc Thesis, High Institute of Public Health, University of Alexandria. 
Mourad M., 1995: Effect of Egyptian Copper Works effluent on Tilapia zillii Gerv. Bull. Nat. Inst. 

Oceanogr. Fish., 21 (2): 605-612. 
Nakano T., N. Tomlinson, 1967: Catecholamine and carbohydrate concentrations in rainbow trout, 

Salmo gairdneri in relation to physical disturbance. J. Fish. Res. Bd. Can., 24: 1701-1715. 
M., P. Nace, 1966: Blood sugar and adrenal histology of the goldfish after treatment with 

mammalian and adrenocorticotrophic hormone. Chesapeake Sci., 7: 198-202. 
S., J. Deagen, P.Whanger, P. Weswig, 1978: Biological functions of metallothionein. V. Its 
induction in rats by various stresses. Am. J . .  Physiol., 234, E: 282. 

Shakweer L., M. Abbas, 1997: Heavy metals concentration levels in some fish species of Lake 
Mariut and Nozha Hydrodrome, Egypt during 1974 and 1995. Bull. Nat. Inst. Oceanogr. Fish., 
23: 167-186. 

R., T. Shuttleworth, 1982: The accumulation of copper in Platichthys fiesus L. and its ef
fects on plasma electrolyte concentrations. J. Fish Biol., 21: 491-500. 

Standard methods for the Examination of water and Wastewater, 1975: APHA, AWWA, 
WPCF, 14th_ed. 

Wahbi 0., 1998: Effect of Tanning processing waste water on physiological characteristics of Solea 
spp. PhD Thesis, Alexandria University. 

M., 1979: The metallothionein. In: The Chemistry, Biochemistry and Biology of cadmium 
[Webb M. (ed.)], Elsevier-North Holland, Amsterdam: 195-266. 

:i.VVe<l!em1ev1er G., 1969: Stress induced ascorbate depletion and cortisol production in two salmonid 
fishes. Comp. Biochem. Physiol., 29: 1247-1251. 



80 Mohamed Mourad, Olfat Wahby 

Mohamed MOURAD, Olfat WAHBY 
FIZJOLOGICZNE I HISTOLOGICZNE ZMIANY U TILAPII (TILAPIA ZILLIIGERV.)

POD WPL YWEM SUBLET ALNEJ KONCENTRACJI WODY ZRZUTOWEJ 
Z EGIPSKICH ZAKLADOW MIEDZIOWYCH 

STRESZCZENIE 

Badano fizjologiczne i histologiczne zmiany u tilapii (Tilapia zi/lii Gerv.) powstale w wyniku 
dzialania nieoczyszonych sciek6w pochodz!\.cych z Egipskich Zaklad6w Miedziowych w Aleksandrii. 
Test toksycznosci LC5cr96h wykazal, ze koncentracja letalna sciek6w dla tilapii wynosi 25 cm3/dm3 

wody. W subletalnej koncentracji (2.5; 5.0 cm3/dm3) stwierdzono nast�puj!\.Ce zmiany we krwi -
wzrost hematokrytu, bial:ka, glukozy, jon6w Na+ i K+. W mi�sniach- spadek zawartosci bial:ka. Ba
dania histologiczne wykazaly: w skrzelach rozrost, zwi�kszenie liczby kom6rek; w W!\.trobie nacie
czenie kom6rkami tluszczowymi; w nerce kanalik nerkowy ulegl destrukcji, wysuwil obrz�k. W W!\.· 
trobie stwierdzono statystycznie wysoce istotny wzrost zawartosci miedzi, natomiast w skrzelach 
i rni�sniach urniarkowany. 
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