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ABSTRACT 

The concentration of seven heavy metals (Cd, Cu, Fe, Mn, Ni, Pb and Zn) were detected 

seasonally in muscle tissues of two fish species (Siganus rivulatus, Sargus sargus) collected from El-

Mex Bay and Eastern Harbour. In both species, levels of the seven metals were significantly higher in 

summer compared with other seasons. The concentrations of such metals decreased in the order  Fe > 

Zn > Cu > Ni ≥ Pb > Mn > Cd.  The metal pollution index (MPI) for the two species fluctuated 

between 0.9 and 1.8 in El-Mex and Eastern Harbour. Provisional Tolerable Weekly Intake (PTWI) 

demonstrates that the concentration of the metals (Cd, Cu and Pb) in the muscle of Siganus rivulatus 

and Sargus sargus from El-Mex Bay and Eastern Harbour are much lower than the PTWI values and 

accordingly there is no risk for the human consumption of these fish species.  

 

INTRODUCTION 

Heavy metals enter the aquatic environment naturally through weathering of the earth crust. In 

addition to geological weathering, human activities have also introduced large quantities of metals to 

localized area of the sea, in some cases upsetting the natural steady state balance (Forstner and 

Wittmann, 1983).  

Over the past several decades, the increasing use of metals in industry has lead to serious 

environmental pollution through effluents and emanations (Goldberg et al., 1978; Phillips, 1980; 

Sericano et al., 1995). Under certain environmental conditions, heavy metals may accumulate to a toxic 



concentration (Güven et al., 1999), and cause ecological damage (Harms, 1975; Jefferies and 

Freestone, 1984; Freedman, 1989). In general, studies on heavy metals can be important in two main 

aspects. First, from the public health point of view, where the attention has been drawn to the necessity 

of measuring the accumulation of heavy metals; particularly these metals which pose serious health 

hazards to humans (e.g. Cd, Pb, Hg). Second, from the aquatic environment view point, the main 

problem has been to prevent biological deterioration and to identify the sources which threaten 

ecological equilibrium. In this regard, the more abundant metals such as copper, zinc and manganese 

may sometimes represent greater hazard than lead, mercury and cadmium (Kinne, 1984). 

Aquatic systems are very sensitive to heavy metal pollutants and the gradual increase in the 

levels of such metals in aquatic environment, mainly due to anthropogenic sources, became a problem 

of primary concern. This is due to their persistence as they are not usually eliminated either by 

biodegradation or by chemical means, in contrast to most organic pollutants. Moreover, the decay of 

organic materials in aquatic systems together with detritus formed by natural weathering processes, 

provides a rich source of nutrients in both the bottom sediments and overlying water body. 

Microorganisms, microflora and algae are capable of incorporating and accumulating metal species 

into their living cells from various supply sources. Consequently, small fish become enriched with the 

accumulated substances. Predatory fish again, general display higher levels than their prey. Eventually 

man, consuming the fish, inevitably suffers from the results of an enrichment taken place at each 

trophic level, where less is extracted than ingested (Forstner and Wittmann, 1983).     

 

MATERIALS AND METHODS 

El-Mex Bay and Eastern Harbour are considered of the important fishery grounds in Alexandria 

Coast. El-Mex Bay is affected by a mixed agricultural runoff and industrial wastes from a chloro-alkali 

plant and receives airborne particles from the fumes of adjacent industrial plants, including an oil 

refinery and cement factory, while Eastern Harbour is considered as a model of polluted sea water body 

mainly affected by sewage disposal beside its ship-yard waste disposal. Two commercially fish species 

namely Marbled spinefoot (Siganus rivulatus) which belong to family siganidae and White seabream 

(Sargus sargus) which belong to family sparadae were collected from the above two areas seasonally, 

between December 2000 and September 2001. The sampled species were selected according to the 

recommendation given by Bulter et al., (1971) and Haug et al., (1974). The collected fish species were 

available all over the year in fish market. Fish muscle, have a particular public health concern (ICES, 

1989).  
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Samples were stored in prewashed polyethylene bags and brought to the laboratory on ice (at 

4ºC) in the same day of fish capture. In the laboratory, the fish samples were weighed, measured as 

total length (Table 1) and dissected for analysis. Composite samples of muscle tissues of each species 

(10 fishes from each species) were taken, using stainless steel instruments on a clean glass working 

surfaces. Muscle samples were separated, using the methods recommended by UNEP/FAO/IAEA/IOC 

(1984). Each composite sample of muscle tissues was weighed separately in clean, labeled Petri-dishes 

and dried for several days at 70ºC to constant weight. Pulverization and homogenization were achieved 

by grinding the tissue samples in a Teflon mortar and analyzed for heavy metals according to 

UNEP/FAO/IAEA/IOC (1984). 

An exact weight of dry sample (triplicate, each of 0.2-0.3 g) was placed in Teflon vessel and 4 

ml of analar nitric acid was added. The vessels were tightly covered and allowed to predigest at room 

temperature over night. The digestion block was placed on a preheated hot at 80ºC for three hours. The 

samples were cooled at room temperature and then were transferred to 25 ml volumetric flask. The 

water used was distilled and deionized. All digested solutions were analyzed by Flame Atomic 

Absorption Spectrophotometer (Perkin-Elmer, Model 2380). All glassware and plastic devices used in 

manipulation of samples were completely acid-washed (Moody and Lindstrom, 1977) and reagents of 

the analytical grade were utilized for the blanks and calibration curves. The performance of the method 

was evaluated by analyzing a reference material mussel homogenate (MA-A-2/TM) provided by the 

International Atomic Energy Agency (IAEA). The concentration of the studied metals was in 

acceptable range of the certified values. Recovery of all metals studied was over 95%. All metal 

concentrations were expressed in terms of wet weight as microgram per gram. 

 

RESULTS AND DISCUSSION 

Concentration levels of seven heavy metals (Cd, Cu, Fe, Mn, Ni, Pb and Zn) in muscle tissues 

of two fish species (Siganus rivulatus and Sargus sargus) collected seasonally (December 2000 – 

September 2001) from El-Mex Bay and Eastern Harbour are given in Table 2. 

In Both species, according to the t-test, level of the seven metals under investigation was 

significantly  higher in  the  muscle  tissues  in summer compared with other seasons  (t-value = -4.668, 

-7.353, -2.751 ; P = 0.009, 0.001, 0.051 for comparison of summer value with autumn, winter and 

spring seasons respectively). Similar increase of metals levels  in tissues of some invertebrate and fish 

species were observed during summer months that was related to the increased metabolism due to high 

temperature (Uysal and Tuncer, 1984; Alliot and Frenet-Piron, 1990).  
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According to the present results,  there was no big difference between the mean concentration 

of Cd in the two fish species in the El-Mex Bay and the Eastern Harbour as shown in Figure 2. This 

agrees with Moore and Ramamoorthy (1981), where the residues in fish muscle can not be related to 

the concentrations in water, in addition, no correlation was found between the feeding habits and the 

tissues levels.  

Contaminated food probably represents a more important source of copper than water and thus 

burdens in fish can not be consistently related to ambient pollution levels in water (Moore and 

Ramamoorthy, 1981). Despite the existence of a number of detoxifying and storage systems for Cu, it 

is the most toxic metal after mercury and silver, to a wide spectrum of marine life, hence its value in 

antifouling preparations (Clark, 1989). The average concentrations of copper were (1.804, 1.373 µg/g 

wet weight) for Siganus rivulatus, (1.075, 0.907 µg/g wet weight) for Sargus sargus in El-Mex Bay 

and Eastern Harbour respectively (Table 2). The higher level of copper recorded for Siganus rivulatus 

relative to that in Sargus sargus is due to the food habit where the first is herbivorous and the second 

feeds mainly on crustaceans, molluscs beside small fishes. The same results were previously recorded 

by Pourang (1995) in two fish species (Carassius auratus and Esox lucius) collected from Anzali 

wetland water in Northern Iran. 

Iron is the most abundant transition element, and probably the most well known metal in 

biologic systems (Forstner and Wittmann, 1983). The mean concentration of iron in Siganus rivulatus 

was much higher than that recorded in Sargus sargus in the two areas under investigation as regards to 

their feeding. This is in agreement with that recorded by Kargin (1996), Karadede and Unlu (2000) and 

Kalay et al., (1999).   

It is well known that Manganese activates many enzymes such as phosphoglucomutase, 

cholineslerase, oxidative α-Keto-decarboxylase and ATPase in the muscle (Satoch et al., 1983a, b). 

Again due to the food habit of Siganus rivulatus, it recorded higher level of Mn in the two areas under 

study. This is in agreement with Pourang (1995), who reported that the Mn content of Carassius 

auratus (deterivorous) was 9.7±2.6, while in Esox lucius (carnivorous), it was 5.3±1.3 µg/g dry weight.  

Nickel, being a borderline element, is essential at trace levels for human health. Acute toxicity 

arises from competitive interaction with five major essential elements namely: calcium, cobalt, copper, 

iron and zinc (Moore and Ramamoorthy, 1981). According to the present study, Nickel content in 

muscle of the two fish species recorded comparable values in El-Mex Bay and Eastern Harbour (Fig. 

2), which indicates that food habit didn’t affect the main nickel intake. 

There is often little accumulation of lead in marine and freshwater species. Consequently lead is 

not a threat to fisheries resources except at extreme pollution (Clark, 1989). As shown in Figure 2, Pb 
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content in fish collected from El-Mex Bay was relatively higher than that from Eastern Harbour. The 

concentration of lead in muscle tissues in the two fish species under investigation were nearly similar 

(Table 2). This is in agreement with Moore and Ramamoorthy (1981)  who reported that there is 

generally no correlation between residues and feeding habits. Furthermore, they explained the low level 

of Pb in fish muscle to the relatively low rate of its binding to SH groups, beside the low solubility of 

lead salts that restricts movement across cell membranes. The concentration of Pb in muscle on the 

present fish species was below the recommended level given by the Iranian Standard Bureau for human 

consumption (Hadjmohammadi, 1988). 

Zinc is one of the most abundant essential trace elements in the human body. It is a constituent 

of all cells, and several enzymes depend upon it as a cofactor (Forstner and Wittmann, 1983). High 

level of zinc in Siganus rivulatus confirms  obtaining  majority of zinc from dietary sources rather than 

from water (Moore and Ramamoorthy, 1981; Pourang, 1995 and Kargin, 1996). 

Generally, the low concentrations of the seven heavy metals under investigation recorded in the 

two fish species (Siganus rivulatus and Sargus sargus) indicate that the muscle is not an active tissue in 

accumulating heavy metals as reported by many authors for some fish species (Carpene and Vasak, 

1989; Khan et al., 1989; Kargin and Erdem, 1991; Ünlü et al., 1994 and Karadede and Ünlü, 1998) 

The overall metal contents of the present two fishes from El-Mex Bay and Eastern Harbour 

were compared, using the metal pollution index (MPI) calculated with the formula according to Usero 

et al, (1996 ; 1997) : 
n

nMMMMMPI /1
321 )......( ××××=  

where  Mn is the concentration of metal n expressed in μg/g of wet weight. As shown in Figure 

3, the lowest metal pollution indices (MPI) were those for Sargus sargus in both areas, while El-Mex 

Bay exhibited high MPI relative to that of Eastern Harbour. The mean value of MPI was relatively 

lower than that reported by El-Nemr, (2003) in imported frozen fish in Egypt.  

The human health risk assessment has been estimated by comparing the metal intake from the 

consumption rate of sea food with the  Provisional Tolerable Weekly Intake (PTWI) according to   

calculation made by Bernhard (1982). For a few heavy metals, these PTWIs have been published. For 

the metals Cd, Cu and Pb, PTWI were calculated to be 300, 245000 and 2800 μg/70 kg man, 

respectively. According to CAPMAS estimation, 80 the man who weighs 70 kg consumes 7.8 kg 

fish/year, thus the amount of  Cd, Cu and Pb taken weakly by a person can be calculated according to 

the equation : 

Amount of metal taken by person = Concentration of metal in muscle ×  Average consumption   
                                                                            (μg/g)                                            (g) 
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The calculations in Table (3), demonstrate that the concentrations of the metals (Cd, Cu and Pb) 

in the muscles of Siganus rivulatus and Sargus sargus from El-Mex Bay and Eastern Harbour are much 

lower than the PTWI values and accordingly there is no risk for the human consumption of these fish 

species. Similar results were recorded by El-Moshelhy (1996) and Emara et al. (1993), along the 

Egyptian coast. Although, there is no high levels of heavy metals in fish, a potential danger may occur 

in the future, depending on the agricultural and industrial development in this region.  
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Table 1:  The total and fork length, weight of Siganus rivulatus and Sargus sargus from Eastern 
Harbour and El-Mex Bay during the four seasons (2000-2001). 

Location Species Season Total weight Total length Fork length 
Summer 91.1 – 149.0 18.0 – 21.0 17.0 – 19.5 
Autumn 48.0 – 84.7 13.7 – 18.0 13.0 – 17.5 
Winter 60.2 – 101.0 16.4 – 20.9 14.0 – 18.0 

 
Siganus 
rivulatus 

 Spring 42.0 – 73.0 13.0 – 16.0 12.2 – 14.02 
Summer 93.6 – 124.1 16.0 – 18.0 14.9 – 16.5 
Autumn 31.0 – 59.3 11.7 – 14.0 11.0 – 13.0 
Winter 89.6 – 127.6 17.8 – 21.5 13.5 – 17.0 

 
 
 

El-Mex 
Bay 

 
 

Sargus 
sargus 

Spring 80.0 – 130.5 16.0 – 19.7 15.0 – 17.2 
Summer 40.8 – 53.8 13.5 – 15.5 13.0 – 15.0 
Autumn 43.8 – 58.7 13.2 – 16.1 12.7 – 15.5 
Winter 48.5 – 97.1 16.9 – 20.2 13.9 – 16.9 

 
Siganus 
rivulatus 

 Spring 37.6 – 52.6 12.4 – 15.5 11.7 – 14.0 
Summer 115.5 – 149.0 17.0 – 20.0 16.0 – 18.7 
Autumn 102.0 – 141.2 17.0 – 19.5 15.0 – 17.5 
Winter 113.1 – 151.1 18.9 – 21.5 14.8 – 16.8 

 
 
 

Eastern 
Harbour  

Sargus 
sargus 

Spring 131.0 – 180.0 19.0 – 21.0 17.0 – 19.0 
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Table (2): Concentration of heavy metals (μg/g wet weight) of Siganus rivulatus and Sargus sargus collected from 
El-Mex Bay and Eastern Harbour. 

 Heavy metals concentration 
Location Sp. Season Cd Cu Fe Mn Ni Pb Zn 

Summer 0.327 0.231 53.741 0.779 1.087 1.097 11.005 
Autumn 0.189 1.918 37.241 0.673 0.924 0.812 8.998 
Winter 0.219 1.195 29.607 0.507 0.742 0.601 7.861 
Spring 0.148 1.872 39.413 0.603 0.871 0.994 8.552 
Mean 0.221 1.804 39.999 0.641 0.906 0.876 9.104 

 
 

Siganus 
rivulatus 

± SD 0.204 0.436 10.067 0.115 0.143 0.218 1.351 
Summer 0.204 1.684 13.042 0.524 0.889 0.783 6.366 
Autumn 0.143 0.847 10.219 0.418 0.643 0.572 5.010 
Winter 0.092 0.711   8.065 0.402 0.472 0.414 4.127 
Spring 0.156 1.059 9.321 0.444 0.717 0.587 5.162 
Mean 0.148 1.075 10.161 0.447 0.680 0.589 5.166 

 
 
 
 
 

El-Mex 
Bay 

 
 
 

 
Sargus 
sargus 

± SD 0.046 0.430 2.114 0.054 0.173 0.151 0.921 
Summer 0.415 1.953 46.203 0.572 0.993 0.861 9.479 
Autumn 0.282 1.278 37.213 0.435 0.739 0.508 5.861 
Winter 0.171 0.723 25.217 0.318 0.541 0.471 4.933 
Spring 0.285 1.537 31.621 0.416 0.704 0.519 6.932 
Mean 0.288 1.372 35.064 0.435 0.744 0.589 6.801 

 
 

Siganus 
rivulatus 

± SD 0.100 0.515 8.898 0.105 0.187 0.182 1.963 
Summer 0.228 1.163 10.878 0.322 0.716 0.694 5.809 
Autumn 0.177 0.868 8.125 0.026 0.402 0.520 4.612 
Winter 0.127 0.621 7.77 0.189 0.461 0.397 3.915 
Spring 0.169 0.974 7.932 0.257 0.383 0.495 4.474 
Mean 0.175 0.906 8.676 0.258 0.490 0.527 4.703 

 
 
 
 
 

Eastern 
Harbour  

Sargus 
sargus 

± SD 0.041 0.226 1.475 0.055 0.154 0.124 0.797 
Note: The concentration of dry weight was obtained by multiplying the concentration of wet weight by 5 , the wet/dry  
weight of most muscle tissues. 



 

 

 

Table (3): Amount of heavy metals (Cd, Cu and Pb) taken by person and their percentage to 

that of Provisional Tolerable Weekly Iintake (PTWI). 

Amount of heavy metal 
taken by person per week 

% of heavy metal Location Species 

Cd Cu Pb Cd Cu Pb 

Siganus rivulatus 33.113 270.600 131.400 11.038 0.110 4.692El-Mex 

Bay Sargus sargus 22.313 161.288 88.350 7.438 0.066 3.155

Siganus rivulatus 43.238 205.913 88.463 14.413 0.084 3.159Eastern 

Harbour Sargus sargus 26.288 135.975 78.975 8.763 0.056 2.821
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Figure 2: Concentration of Cd, Cu, Fe, Mn, Ni, Pb and Zn in Siganus rivulatus and Sargus sargus in 

El-Mex Bay and Eastern Harbour. 
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Figure 3: Mean MPI for Siganus rivulatus and Sargus sargus in  

El-Mex Bay and Eastern Harbour.  
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