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Abstract

Copper and lead are among the most widely common pollutants
distributed in the aquatic environment. The 26-hr LC5 bicassays were
carried out to determine the toxicity of these two heavy metals (cu
&pb) on the blue tilapia; Oreochromis aureus. The results showed that
the 96-hr LCgq of copper and lead were 8.17 and 25.86 mg/L, respec-
tively .Groups of adult and healthy O.aureus were subjected to the acute
{lethal) concentrattion (96-LCgp)of each metal and examined after 24
and 96 hours. Other groups were subjected to the chronic (sublethal)
concentration {1/10LCxs) of each metal and examined after 6 and 12
weeks ,

The iethal and sublethal concentrations of copper and lead al-
tered the behavioural activities of {he treated fish. The qills, liver, kidney
and spleen tissues were irritated and injured causing dysfunction in these
organs. Haemoglobin contents were increased in fish toxicated by copper
and decreased in those toxicated by lead . Serum glucose was increased
in all groups treated with copper or lead. The serm AST and ALT record-
ed the same trend of increase . Moreover, the creatinine and the uric
acid levels were elevated .

INTRODUCTION

The aquatic environment has been regionally contaminated, sometimes heavily
with a variety of dangerous heavy metals coming from both natural and artificial sourc-
es causing sericus healthy hazards in human (Mohamed and Saleh, 1996) .Heavy met-
als are considered as one of the most important factors which affect fish population,
reducing their growth, reproduction and /or survival rate (Mochamed and Saleh, 1896
and Saeed,1999) Moreover, it has been recognized that environmental changes can
contribute factors in the development of stress in fish (Saeed,1999). The toxic levels
of the different metals differ and depend on factors such as susceptability of fish spe-

cies, pH, temperature , salinity or chemical speciation of the metal . The most sublethal
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effects are biochemical in origin and that are expressed as histological ,morphological

or behavioural response (Shaker et af ., 2000) .

Copper is essential as micronutrient for fish and aquatic life, widely used as a
very effective algicide and molluscicide (Saeed, 1999 and Shaker et a/, 2000 ) On the

other hand, poisoning on man was described (Saeed,1999) .

The permissible levels of copper and lead in water are 1.0 and 0.05 ppm, respec-
tively, while, in fish tissues, they are 20 and 2 ppm, respectively , according, to WHO
(1984}).

The objective of the present study was to determine the toxicological effects of

copper and lead on Oreochromois aureus .

Tilapia (Oreochromois aureus) were selected as a research fish model because
these fish were easily produced and economically important ,fishes are known by their
tendency to localize significant amounts of metals. They absorp metals from water
through gilts, skin and digestive tract. Bioconcentration and biomagnification for heavy

metals were previously reported by many authers (Sased 1999 and El —-Bagori, 2001} .

MATERIALS AND METHODS

The present study was carried out on the blue tilapia (O.aureus) . The body
weight and total body fength were ranging from 40-60 g and 13-15 cm, respectively .
Fish were collected from El- Abbassa Fish farm and transferred alive to the laboratory
where they were distributed in glass aquaria (75x50x50crﬁ). The fish were acclimatized
for 14 days before the onset of the experiment. During the acclimatization period
.bacteriological , mycological and parasitological examinations were carried out to ex-
clude any disease interference according to Schaperclaus et af . (1992}. Fish were fed
commercial pellets and checked daily. Gopper sulphate and lead acetate (Merck Chemi-
cal Co.) were mixed individually into solution to provide the required concentration The
determination of the 96-hr half lethal concentrations (LLCsq) for copper and lead were
determined by exposing O.aureus to different concentrations separately (Tabie 1) by
the methed of Litchfield and Wilcoxon (1948) . Quality criteria of the water used in the

experiment is shown in Table 2.
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In the short term exposure experiment, the groups of blug tilapia were exposed
separately to the 96-hr (LCs0) of copper or lead determined previously. Eight fish were
randomly selected and were scarificed after 24 and 96 h of exposure to the metals for

analysis and examinations .

in the long term exposure experiment, the fish were exposed to the 1/10 of the
96-hr (LCsq ) of each metal for 12 weeks. Fish were scarificed after 6 and 12 weeks of
exposure to each metal. Control non-exposed fish group was also included in the experi-

ment. Water in all experimental aguaria were changed every 3 days .

The clinical examination and post-mortem findings were performed according to

the method described by Schaperclaus et al. (1992).

Blood samples were withdrawn from the caudal vein. Serum was obtained by cen-
trifugation at 5000 rpm for 12 minutes and stored in deep freezer (-20) till the time of

biochemical analysis.

Haemoglobin content was estimated by using the cyano-methomoglobin method

described by Boehringer Mannheim Kit according to Van Kampen and Zijistro (1961)

The concentration of serum glucose was measured by using the GOD-PAP meth-
od {Enzymatic colorimetric method) according to Trinder (1869). The serum aspartate
aminotransferase (AST) and Alanine amino-transferase (ALT) activities were measured
as described by Reitman and Frankel (1857). The serum creatinine was measured ac-
cording o Henery (1974). The serum uric acid was determined as mentioned by Ba-
rhan and Trinder (1972) Tissue specimens from liver, kidney and spleen from exposed
and control fish groups were fixed in 10% phosphate buffer formalin, 5u thick paraffin
sections were prepared and stained with hematoxylin and eosin (H&E) and examined

microscopically (Roberts, 1989}

RESULTS AND DISCUSSION

Heavy metals are the most widely common pollutants distributed in the aquatic
environment. The toxic effects of different metals are usually associated with biochemi-
cal abnormalities manifested in histological, morphological, and physiclogical or behavi-

oural responses that may lead to direct mortality.Ingesion of such contaminated fish
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cah be considered a public healthy hazards (Mousa , 1999 and El —Bagori, 2001 ).

The 96-hr LC; bioassays were carried-out to determine the toxicity of the two
studied heavy metals on O. aureus. The results showed that the 96-hr LCg, of copper

and fead were 8.17 and 25.86 mg/L, respectively (Table 1} .

However El- Bagori,. (2001) recorded that there is no mortalities among
O.niloticus and Cyprinus carpio exposed 1o lead up to concentration of 14 mg/L. They
mentioned that lead is relatively insofuble but its soluble forms such as lead acetate
change into the insoluble lead sulfate in the gastrointestinal tract. Also, they added
that, protein and vitamin C reduce metal absorption. The environment under which the

experiments were carried out also affects the values of LCg.

Copper and lead altered the hehaviour of the previously acclimatized fish. The
clinical signs of the intoxicated fish were sluggish movements, loss of escape reflex,
loss of appetite and respiratory distress. Also, excessive secretion and accumulation of
mucus on gills and skin and mottled skin were recorded . Similar signs were previously
described by Mohamed and Saleh (1996} and Mcusa (1999) . The black spots and mu-
cus secretion may be attributed to the melanosis due to the estimulation of «- melanin
stimulating hormone secretin in the fish subjected to stress { Shaker et al. 2000). Ac-
cumulatins of mucus on gills were due to irritation of gills by poltutants (Ei-Bagori,
2001). Shaker, et al, (2000) mentioned that, after the first 24 h of exposure to the
copper, the perceniage of oxygen utilization increased eight times in fish held in 3 ppm
than those in 8.5 ppm and twelve times higher in fish held in 5 ppm than those in 0.5
ppm . On the other hand, the postmortem findings of the polluted fish showed pale
gills, skin abrasions, congestion of the internal organs and accumutation of ascitic fluid
in the abdominal cavity. Similar findings were observed by Mousa {1899} in case of O.

niloticus when exposed to gramoxone and stomp herbicide.

Pathological changes in fish are powerful indicator of exposure to environmental
stress such as chemical pollutants. Gills of tilapia exposed to the copper showed hyper-
plastic changes in the epithelial cells of secondary iamellae (Fig. 1), while, gills of tilapia
exposed to the lead showed partial unilateral sloughing of epithelium of secondary la-
mellae and congestion of branchial blood vessels (Fig. 2). These resulis agree with

those of Marie et al. (1998) and Mousa (1998). The sloughing of lameilae epithelial
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cells and hyperplasia induced by any pollutant may be due to the simple response to
cellular necrosis as previously mentioned by Marie et al. (1998). Morever, Shaker et al.
{2000) reported that, the epithelial hyperplasia are known as a protective and defence
mechanism of fish gills. The congestion in branchial blood vessels may be due to the
counter irritation and paralysis of vasovonstrictors of stimulating vasodilators {(Marie et
al. 1998). Liver of O. aureus toxicated with copper showed numerous bile ductules be-
sides few lymphocytes in the portal areas and degenerative chanes of the hepatocytes
(Fig. 3). Moreover, O. aureus exposed to lead showed degenerative changes and focal
coagulative necrosis represented by pyknosis of the nuclei (Fig. 4). These results were
previously recorded by El-Bagori, (2001} who attributed these lesions to the severe
toxic effect. Kidny showed degeneration and coagulative necrosis of some tubular epi-
thelial cells {Fig. 5). In addition, few scattered melanomacrophages (Fig, 6) were de-
tected. These findings coincided with those of Mousa (1999) and they were attributed
to the impairment of the electrolyte exchanges between the intraceliuar and the extra-

celluar fluids Marie ef al. (1998).

The presence of melanomacrophages may be due to the increase of the body ca-
tabolism, or may be due to the anorexia (Mousa, 1999). The spleen of the toxicated O.
aureus showed congestion besides numerous melanomacrophages and depletion of

lymphocytes (Figs. 7 & 8 ).

Concerning the effects of copper and lead on haemoglobin content of the ex-
posed O. aureus (Table 3), the results showed a significanl increase in haemoglobin
content of fish exposed to copper. These resuilts were in agreement with those of Mou-
sa {1999), who attributed it to the dehydration of the blood and/or hypermetabolic
state of fish due to the toxic stress. On the contrary, the haemoglobin content in fish
exposed to lead was decreased in the lethal and sublethal concentration .Similar find-
ings were met with by Marie et al. (1998}, who recorded that this decrease could be
attributed to ALA-D inhibition , impairment of gas exchanges by gills, hemolysis of

erythrocytes and /or spleen dysfunction .

Serum biochemical profiles are fundamental tools used in human and veterinary
medicine and in diagnosis of disease and other pathological conditions. In the present

study (Table 4), there is a significant increase in the serum glucose of fish exposed to
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lethal and sublethal concentrations of copper and lead throughout the exposure period.
This view was in agreement with Marie et al. (1998) and Mousa (1999) who reported
that increasing of blood sugar level revealed a stress susceptability of fish against

stress .

The effect of toxicant on the enzyme activity of fresh water fish had been ob-
served by many investigators. In the present study (Tables 5 & 6) , serm AST and ALT
in the examined O. aureus fish showed a general trend of increase when exposed to le-
thal and sublethal concerntrations of copper and lead. Marie ot al. (1999) cbserved ele-
vation of serum AST and ALT in Heteropneustes fossilis after being exposed to congo
red. They mentioned that increase in serum AST is an indicator of liver dysfunction and
might be due to leakage of these enzymes from the injured tissue into the blood. This
is confirmed in the present study by liver histological investigations. Marie et a/. {1998)
reported a significant elevation in serum AST and ALT of O.nifoticus exposed to mercu-
ry and zinc individually and in mixture .They attributed this elevation to the damage of
liver and kidney cells that affect membrane permeability which, in-turn, liberates the

enzymes to the extracellutar fluid and blood .

The creatinine and uric acid levels may be an indicator of the kidney dysfunction
and importént in predicting disease in which the kidney is adversely affected (Mousa,
1999). In the present study, (Tables 7 & 8) showed significant increase in serum crea-
tinin and uric acid concentration of fish exposed to toxic metals compared with the
control group . This may be attributed to the action of the metals on glomeruli fillera-
tion rate which causes pathological changes of the kidney. This assumption is highly
supported by the work conducted by Mousa (1999) and EL- Bagori (2001) and con-
firmed in this work by histopathological investigations of the kidneys of toxicated O.
aureus. Therefore | it could be concluded that copper and lead have harmful effects on
the behavioural, histological, physiological and biochemical responses of fish which, in-
turn, affect the growth rate, production and reproduction of fish. Also, heavy metal

residues in fish muscles can be hazardous to human health .
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Table 1. LCgo- 96 hour (95% confidence limit) and 1/10 96 hours LCsq of copper and

lead in Oreochromus aureus.

96 hrs LCgq (mg/L) 1/10 (96 hrs- LCxy)
Metals
& 95% c.l. {mg/L)
Copper 8.17 0.82
Lead 25.86 2.59

Table 2. Quality criteria of the water used in the experiment,

Parameter Value
PH 7.83+0.039
Dissolved Oxygen (DO) 5.93+0.08 mg/l
Temperature 24.76+0.14°C
Total hardness 138.0+£3.96 mg/L as CaCOj,
Total alkalinity 216.0+£8.48 mg/L as CaCOjy
Electric conductivity 0.362+0.014 Mmohs
Salinity 0.10+£0.00 mg/|
NH,* 0.79+0.059 mg/l
NH5 {Ammonia) 0.041+0.004 my/i
NO," (Nitrite) 0.023+0.002 mgy/l
NOj3 (Nitrate) Nil mg/!
Total dissolved solids 184.92+24 52 mg/l
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Table 3. Changes in hemoglobin content (g/100ml} of O.aureus exposed to copper and

lead.

Acute (96-hr -LCsq

Chronic {1/10 LCsq

Control
24-hrs
96-hrs

Copper

Lead

11.04 = 0.76°

+

+

0.62°
0.83°

13.22
14.22

H

11.04+ 0.76%
0.29"°

0.91°

=+

8.26
6.05

4+

Control
6 weeks

12 weeks

Copper

Lead

0.36°
0.32°

10.56+
11.03+

12.34+0.41°

10.56+ 0.36"
10.87+ 0.32°
9.74+0.22 °

Data are represented as mean = S.E.

- Total No. of fish used/interval = 8

Means with the same letters in the same collumn are not significantly different.

Table 4. Changes in serum glucose (mg/dl) of O.aures exposed to copper and lead.

Acute (96-hr -LCgq

Chranic (1/10 LCso

Control
24-hrs
96-hrs

Copper

Lead

54.60 + 2.12°
80.53 + 1.99°
102.80+ 3.8°

54.60+ 2.12°
83.61+2.43°
97.36+3.89%

Control
6 weeks

12 weeks

Copper Lead
58.19+2.94° |58.19+ 2.94°
69.71x 1.91°[69.7122.99°
81.44+4.72° | 76.95+2.27°

Data are represented as mean + S.E.

- Total No. of fish used/interval = 8

Means with the same [etters in the same collumn are not significantly different.
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Table 5. Changes in serum GOT (U/L) of O.aures exposed to copper and lead.

Acute (96-hr -LCgq

Chrenic (1/10 LCsp

Control
24-hrs
96-hrs

Copper

Lead

20.86 = 1.92°
25.91 +0.85"
27,06+ 1.76°

20.86+ 1.92°
32.27+2.03 °
26.41+1.74°

Control
6 weeks

12 weeks

Copper

Lead

21.43+1.71°
27.09+2.41°%
25.61+1.77%

21.43+1.71°
26.22+0.98"
30.43+1.22°

Data are represented as mean + S.E.

- Total No. of fish used/interval = 8

Means with the same letters in the same collumn are not significantly different.

Table 6. Changes in serum GPT (U/L} of O.aures exposed to copper and lead.

Acute (96-hr -LCgq

Control

24-hrs

96-hrs

Copper Lead
8.62 = 1.02°| 8.62= 1.02°
10.21 +0.777|10.04z0.72 °
5.92+0.88° | 7.22+0.13"

Chronic (1/10 LCsg
Copper Lead
Control | 8.47+064" [8.47x0.764
6 weeks | 9.02+0.76% | 9.23+0.91°
12 weeks | 10.38+0.18%|11.0920.62°

Data are represented as mean = S.E.

- Total No. of fish used/interval = 8

Means with the same letters in the same collumn are not significantly different.
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lead.
Acute (96-hr -LCsp Chronic (1/10 LCsp
Copper Lead Copper Lead
Control| 0.93 + 0.03° | 0.93+ 0.04° | Control | 0.91+0.04° | 0.91+0.04°
24-hrs | 1.36 +0.04° | 1.4520.04" | 6 weeks | 0.99+0.04° | 1.02+0.03°
96-hrs | 1.86+ 0.03" | 1.88+0.03% [12 weeks| 1.13+0.05% | 1.16+0.02°

Data are represented as mean + S.E.

- Total No. of fish used/interval = 8

Means with the same letters in the same collumn are not significantly different.

Table 8. Changes in serum Uric acid (mg/100 ml) of O.aures exposed to copper and

lead.

Acute (96-hr -LCgq

Chronic (1/10 LCsq

Copper Lead Copper Lead
Control | 11.67 +1.13°| 11.67+1.13°| Control | 11.27:0.99° [11.27+0.99°
24-hrs |17.02 +0.98°| 15.85+0.74 °| 6 weeks |13.62+0.32 °(13.81:0.61°
96-hrs [21.32+ 1.26%| 23.09+2.02% [12 weeks| 16.75+0.49% {16.29+0.35°

Data are represented as mean = S.E.

- Total No. of fish used/interval = 8

Means with the same letters in the same collumn are not significantly different.
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Fig. 1. Gills of Q.aures exposed to 8.17 mg/l of copper for 96-hour showing hyperplas-
tic of the epithelial cells of secondary lamellas . ( H & E X 300) .

Fig. 2. Gills of O.aures exposed to 25.86 mg/L of lead for 96- hr showing partial unilal-

eral sloughing of the epithelium of secondary lamellae and congestion of bran-
chial blood vessels . (H & EX300 ).
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Fig. 3. Liver of O.aures exposed to 8.17 mg/L of copper for 96-hr showing numerous
bile ductules beside few changes of the hepatocytes. (H&E X 300 ).

Fig. 4. Liver of Qiauwres exposed to 25.86 mg/L of lead for 96-hr showing degenerative
changas and focal coagulative necrosis represented by pyknasis of the nuclei. (H
&EX300).
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Fig. 5. Kidney of O.aures exposed to 8.17 mg/L of copper for 86- hr showing degener-
ation and coagulative necrosis of some tubular epithelial cells { H & E X 300 ) .

Fig. 6. Kidney of O.aures exposed to 25,86 ma/L of lead for 96-hr - showing few scat-
tered melanomacrophages . (HE& E X 300 ).
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Fig. 7. Spleen of Q.aures exposed to 8.17 mg/L of copper for 96- hr showing conges-
tion baside numerous melanomacrophages (H & E X 300)

- B WLy N ST,
Fig. 8. Spleen of O.aures exposed to 25.86 mg/L of lead for 98-hr showing depletion of
lymphocytes and numerous melanomacrphages (H& E X 300 )



ABBAS, H.H. et al. 1409

REFERENCES

. Barhan, D. and P. Trinder. 1972. Enzymatic determination of uric acid. Analyst., 97:

142-145 .

. EI-Bagori, H. M. 2001. Pathological studies on seme environmental pollution on some

freshwater fish in Sharkia Governorate. M.V.Sc., Fac . Vet. Med., Zagazig. Univ .

. Henery, R.J. 1974. Clinical chemistry principles and technigues . 2nd. Eddition, Harp-
er and Row publ., New Yourk ,pp 522.

. Litchfield, J.T. and F. Wiicoxon. 1949. A simplified method of evaluating dose effect
experiments. J. Phamacol. Exper. Ther., 96: 99-114,

. Marie, M.A.S., A.M. Haggag and A.A. El-Badawy. 1998. Physiological and biochemical
responses of the common carp ; Cyprinus carpio to an organophosphorus insecticide

“ Profenofos "Egypt. J.Zool ., 13 : 279-302 .

. Mohamed, W. and G.|. Sateh. 1996. Effect of copper and zinc pollution on growth
and reproductive performance of Golden tilapia under levels of water hardness . Zag.

Vet . J., 24 (10); 65-75 .

. Mousa, M.A.A. 1999. Biotogical and physiological studies on the effects of the gra-
moxone and stomp herbicides on Nile tilpia , Oreochromis nifoticus . Thesis, Ph.D.,

Fac. Sci., Cairo Univ .

. Reitman, 8. and 8. Frankel. 1957. Acolorimetrrc method for the determination of gul-

tamic oxaloacetic and glutamic pyruvic transaminses A.M .J.Clin . path ., 28 : 53-56.

. Roberts, R. J. 1989. Fish pathology . Bailliere Tindall , London .

10. Saeed, 5. M. 1989. A study on factors affecting fish production from certain fish

farm in the Delta. Thesis, M.Sc., Ain Shames University .

11. Schaperclaus, W., H. Kulow and K. Schreckenbach. 1982. Fish Diseases . Vol. LA.M.

Balkemal Ratterdam .



1410 EFFECT OF SOME HEAVY METAL POLLUTANTS ON SOME BIOCHEMICAL
AND HISTOPATHOLOGICAL CHANGES IN BLUE TILAPIA

12. Shaker, I. M., A, Ez-El-Rigal and H. El Ghobashy. 2000. Effects of EDTA on reducting
of copper toxicity in water and Oreochromis niloticus. Egypt J. Appl. Sci .,15 (5):

119-131 .

13. Trinder, P. 1969. Clinical Biochem ., 6: 24 . Pileggi R . and Barthelmai, IW. Klin . Wo-
chensch., 40 : 585-589,

14. Van Kampen, E. and N. C. Zijistra. 1961. Determination of hemolobin Clin. Chem.

Acta, 5: 719-720 .

15. WHO. 1984. Guidelines for drinking water quality. Geneva .



ABBAS, HH. et al 1411

LiloanS gl el padsll Gy e Lot | S gl Ghany 5050
(00! e s S s 51) Bu0Y1 bl Was oo aa ¢ g5l syl

Vg e usad) sae roganey Tsld ) opea wila O pulie s plisa

05— Lae ! Spadl 58 e — Lol 8wl 35 il 2o gnd (5SS aad )
s — g — il — Eed 3
o gkl 5 — 3 alilf Lasla — pglafl LIS ¥

Ll e b slany ) GOl Wil jualiall L35S0 e alia 1y alasdl LS LW
e Uiaakl b€ a0l aaan] Ll pull sia =l LSe35, 500 Sadh |yl s Sl
s Tomall Gialas b atbadl (L, 5¥1) §50Y) bl dSand ol ol g S peaindt (ol
e el 8T A el e el oS ndl lamy ady . Lyl 8l Glen de s 4500
Dhosatal gy Al an W YOAN gyl alia Il ey 50 San s AW gl ulan i
Crandgiea Ao JS 005 Sonll il e ligia bl L, oVl dalall e inbie s ana
i e Dp AT Gnie g n e s e LaS i pa il e Rl AN Leln YE e was ola Yl
O sy wBy . Lesead VY0V an Lagd sl b al 5 5€ 500 Soia e Vo /Y ] clle !
NP IPENTSETIUR YN PG S eI/ I, { VY EEL DS § S VISP JER FEN N L SFE- 1| [y SN
Sigan casl bt gl panall il a3y andlaall 555 80K blaey sladl b sty dasas
R R T R U ¥ ][ N B B IS PRIL V| PP ) PP WY T S - W OV
cre e i uladl e sty Tadladl sl 308 501 avan 51 aa g LaS del AT _L.__./ELV_._JL,_H
EN IR ISPV DUSNT VNP | I ] B BSOS ) IV Y| B SV PO | SRS & Y
e mle peal TS bl 3oy bba s 3abay wlliS g audl Swggtn e 83 3028 B0y 2Al5all
AST  ALT culal Sl 1 psd] e a0 b sl Jaaa 5 oot S g gt plan | WS
cpemliadboia dae i danns SISl






