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Abstract: This study was conducted to determine the concentration of heavy metals (copper, lead, zinc,
cadmium and mercury) in seawater as well as in three different types of fishes (Pagellus acarne, Sarpa salpa
and Liza saliens) with emphasis on their relation with some biomarkers. Samples were collected from El- Khoms
coast Libya during winter 2004. The concentration of all measured heavy metals in sea water significantly
(P 0.01) increased in comparison to their concentration 17 years ago , except for Cd which decreased. In
muscles and liver tissues of Sarpa salpa, Cu, concentration was markedly higher than the two other fish
Pagellus acarne and Liza saliens. Otherwise, Cu, bioaccumulation showed non-significant difference between
Pagellus acarne and Liza. Among studied fish species, pb in muscles and liver tissues were obviously higher
in Pagellus acarne than in the two other fish species. Zn concentration showed marked differences among
different  fish  species.  Cd  concentration  also elevated in Pagellus acarne than two other fish species. It
could be concluded that lipid peroxidation expressed by Malonyldialdehyde (MDA), Glutathione peroxidase
(GSSG P), Catalase (CAT) and Superoxide dismutase(SOD) could be used as biomarkers for heavy metals
pollution in fish.
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INTRODUCTION including heavy metals and organic xenobiotics are

Chronic contamination by heavy metals in the marine reduced in vertebrates with increasing contamination [2].
environment is a severe problem particularly in estuaries. Concentrations of Cd, Zn, Cu, Pb, Fe, Mn, Ni, Cr and
Heavy metals may alter the structure of the cell Co in, Mytilus edulis in the Indian Ocean, have been
membranes by stimulating the lipid peroxidation process measured in muscle tissue. The maximum concentration of
with consequent complex sequences of biochemical each of the metals found in the fish was well below the
reactions [1]. This process is broadly defined as oxidative values given in the National Health and Medical Research
deterioration of polyunsaturated fatty acids. Peroxidation Council Standards. The low concentrations found in fish
results in the production of lipid radicals and in the flesh are lower than in invertebrates such as the mussel
formation of a complex mixture of lipid degradation [3].
products including malonyldialdehyde and other Heavy metals concentration in samples collected from
aldehydes such as alkanals, hydroxyalkenals and ketones Japanese coastal waters were high in the hepatopancreas,
[1]. The cellular defense system against toxicity gill and egg. Residual concentrations of heavy metals
originating from active oxygen forms includes induction were comparable to those recorded in most benthic
of superoxide dismutase (SOD) which scavenges organisms [4].
superoxide anion radicals (2O²¯ + 2H²+  H O  + O ) The concentration of heavy metals in two tropical2 2 2

whereas  catalase  eliminates  hydrogen  peroxide fish species from Ogba river , Nigeria showed varying
(2H O  2H O + O ) [1]. concentration of Cu, Mn, Zn, Pb, Cr, Ni and Cd in fish2 2 2 2

Lysosomes play an important role in the function of tissues . Concentration of Cu, Mn, Cr and Ni in both fish
eukaryotic cells, many environmental contaminates were  higher than the permissible reported by WHO and

known to be sequestered in lysosomes and their stability
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FEPA, while those of Zn, Pb and Cr were lower than Elmer 2280 Atomic absorption spectrophotometer at slit
permissible concentrations [5] . 0.7.

The relationship between heavy metals and biological
effects due to the industrial contaminations in the Biochemical Analysis: Liver tissue homogenate were
Maryout lake was investigated. The activities of centrifuged at 3000 r.p.m for 15 minutes. The supernatant
acetylcholinesterase, alkaline phosphatase and samples were stored at -20°C for biochemical analysis.
glutathione   S-transferase   were   markedly   inhibited Glutathione peroxidase activity was determined
due  to  high   concentrations  of  Hg  and  Cd  and spectrophotometerically and it was expressed in unit of
marked differences in electrophoretic patterns of proteins enzyme activity per gram (U/g) of tissues wet wt. [10]. The
[6]. activity of superoxide dismutase was determined

The exposure of goldfish to 8 hrs of anoxia induced spectrophotometerically at 480 nm by the epinephrine
increases in the activities of liver catalase and brain method and it was expressed in unit of enzyme activity per
glutathione peroxidase (by 38 and 79%, respectively). The gram of tissues wet wt. [11]. The catalase activity (CAT)
concentration of lipid peroxidation, increased by 114% in was determined spectrophotometerically at 570 nm and it
liver [7]. was expressed in mmol of decomposed hydrogen peroxide

Exposure of fish red blood cells to increased per second per gram of tissues wet wt. [12]. Lipid
concentrations  (0.05-0.3  mmol/L)  of  copper  and peroxidation was estimated by measuring formation of
mercury ions initiate structural changes in the cells as thiobarbituric acid reactive substances (TBARS) and
detected by spin labeling method. Both heavy metals quantified as (MDA) equivalents method described by
decreased   membrane   fluidity  as  indicated  by methyl [13].
5- doxylpalmitate and methyl 12- doxylstearate spectra.
Furthermore, copper and mercury have been found to Statistical Analysis: The obtained data were statistically
induce conformational alterations of internal peptides and analyzed using One way analysis of variance (ANOVA)
proteins. Both heavy metal ions changed the internal following the method described by [14]. In addition, for
viscosity of red blood cells. These results suggest that comparing the different mean values, Duncan’s multiple
the possible cause of the damage of cells may be metal- range tests were used [15].
protein interactions in the cells, but may exclude the
oxidative mechanism of such damage [8]. RESULTS

This study aimed to investigate the relationship
between   concentration   of   some   heavy   metals Table 1 represents the mean concentration of heavy
(Lead, Cadmium, Mercury, Copper and Zinc) in water and metals under investigation (Pb, Cd, Hg, Cu and Zn) in sea
their bioaccumulation in liver and muscle tissues of some water at El Khoms area, Libya.
marine fish species. Moreover, using antioxidant enzymes Table 2 represents the mean concentration of heavy
as biomarkers for heavy metals pollution was attempted. metals under investigation (Pb, Cd, Hg, Cu and Zn) in fish

MATERIALS AND METHODS Table 3 represents the mean concentration of heavy

Fishes:  Three  types  of  fishes (Pagellus  acarne, liver tissues at El Khoms area, Libya.
Sarpa salpa and Liza saliens) were obtained from The antioxidant enzymes GSSG P, SOD and CAT
Alkhoms  cost,  Libya, with an average body weight of activity in liver tissues of the three collected fish species
100-150 g and length of 20-25 cm. The fishes were showed differences in the enzyme activity, these
sacrificed and samples were taken from the liver and differences  were  parallel to metals bioaccumulation
muscles tissues. One gram of each sample was burned in (Table 4). 
oven and used for determination of lead, cadmium,
mercury, copper and zinc bioaccumulation. Other parts of
liver and muscle tissue were homogenized for biochemical
analysis.

Heavy metals bioaccumulation in liver and muscles
tissues were measured by the method described by [9].
Samples were prepared and measured by using Perkin-

muscles at El Khoms area, Libya.

metals under investigation (Pb, Cd, Hg, Cu and Zn) in fish

Table 1: Concentration of some heavy metals (ppm) in Sea water at El
Khoms area, Libya (Mean±SD)

Elements Concentrations (ppm)
Lead (Pb) 0.56±0.02
Cadmium (Cd) 0.062±0.01
Mercury (Hg) 0.081±0.03
Copper (Cu) 2.82±0.45
Zinc (Zn) 0.38±0.17
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Table 2: Bioaccumulation of heavy metals (ppm) in muscle tissues of fishes collected from Sea water at El Khoms area (Mean±SD)

Fish Lead Cadmium Mercury Copper Zinc

Pagellus acarne 0.036±0.01 0.174±0.07 0.095±0.04 0.515±0.125 5.557±1.37a a c c c

Liza saliens 0.012±0.006 0.043±0.03 0.105±0.04 0.590±0.15 27.77±2.43a c b b a

Sarpa salpa 0.010±0.007 0.11±0.02 0.31± 0.19 1.12±0.18 26.160±3.60a b a a b

Mean with different superscript letter for each parameter is significantly different at P 0.01

Table 3: Bioaccumulation of heavy metals (ppm) in liver tissues of fishes collected from Seawater at El Khoms area(Mean±SD)

Lead (Pb) Cadmium (Cd) Mercury (Hg) Copper (Cu) Zinc (Zn)

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

Type of fish Mean±SD

Pagellus acarne 1.94±0.21 0.28±0.13 0.79±0.56 2.45±0.31 16.63±1.99a a c c c

Liza saliens 1.88±0.16 0.17±0.12 0.99±0.28 3.53±0.44 55.78±2.44b c b b a

sarpa salpa 1.82±0.13 0.19±0.62 1.28±0.82 4.51±0.74 49.66±3.68c b a a b

Mean with different superscript letter for each parameter is significantly different at P 0.01

Table 4: Antioxidant enzyme activity in liver tissues of fishes collected from Seawater at El Khoms area (Mean±SD)

Glutathione peroxidase SuperOxide Dismutase Catalase activity Malonyldialdehyde

activity U/g wet. activity U/g wet. Wt. mmol/g wet. Wt. nmol MDA /g wet. Wt. 

Fish Wt. In liver. In liver. In liver. In liver

Pagellus acarne 35.68±0.22 450±2.64 75±1.20 24.55±2.33c a c c

Liza saliens 61.88±0.44 395±1.98 85±0.97 42.33±2.44b b b b

sarpa salpa 85.84±0.19 370±3.88 99±1.32 55.62±3.23a c a a

Mean with different superscript letter for each parameter is significantly different at P 0.01

DISCUSSION parallel  to  metals  bioaccumulation.  Elevation  in  the

The present work revealed marked increase of heavy tissues  of  fish  indicated  by  the  increase  of  MDA
metals concentration in muscles and liver tissues of lead  to tissue damage and an increase of antioxidant
investigated fish and such increases were positively defense  mechanisms  to  prevent  formation  of  excessive
correlated with a corresponding increase in heavy metals free  radicals.  Also,  [18]  Observed that pollution
concentration in water . Heavy metals are the most increase catalase activity and lipid peroxidation in channel
hepatotoxic agent, which cause liver disorders, largely catfish. In Nile, tilapia exposed to pollution, superoxide
due to their active metabolites and free radicals. These dimutase activity was found to be increase, [19]. In
activated radicals bind covalently to the macromolecules addition, [20] showed that Cadmium increase MDA
and induced peroxidative degeneration of the lipid production in fish when present in seawater at
membrane of endoplasmic reticulum, which is rich in concentration of 1mg Cd/l. Moreover, [21] reported that
polyunsaturated fatty acids. This leads to the formation cadmium and copper induced rises in MDA levels. In
of lipid peroxide, which in turn gives products like, MDA conclusion, this study indicated that Malonyldialdehyde
that causes damage to the membrane. This lipid (MDA), Catalase (CAT) and Superoxide dismutase (SOD)
peroxidative degradation of biomembrane is one of the values are parallel to bioaccumulation of heavy metal in
principal causes of hepatotoxicity of heavy metals [16]. In fish.
this respect, [17] demonstrated that MDA concentration
in serum and tissues of Nile tilapia and catfish increased REFERENCES
with induction of heavy metal toxicity. 
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