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HE PRESENT investigation includes extensive monitoring on 

the physical, chemical and level of Hg and Cd as well as in the 

Sparus aurata fry in El-Mex Bay, Alexandria, Egypt. The study is a 

bioassay of the lethal concentration of both mercury and cadmium on 

the Sparus aurata fry. Samples of the fry were collected from         

El-Mex Bay. The investigation showed that the lethal concentration 

of mercury and cadmium was 96 hLC50 = 0.861 mg/l, and 

hLC50=0.5817 mg/l, respectively. Mortality related to HgCl2 began 

from 0.4 mg/l at 96 hr. At higher concentrations up to 10 mg Hg+2 /l, 

mortality occurred within the first 2 hr of exposure. For cadmium 

nitrate, starting from the concentration of 0.4 mg Cd+2/l, mortality 

was recorded at 72 hr. Increasing the Cd concentration to 8.0 mg 

Cd+2/l, mortality was observed within the first 4 hr of exposure. 

Further increase in the exposure time to 96 hr, mortality rate reached 

100%. The chronic effect study showed that increasing the bio-

accumulation rate of metal by the fry bodies is proportional to the 

increase of metal concentration in the ambient water solution. The 

obtained results revealed that the Sparus aurata species are more 

sensitive to mercury than cadmium. 

 

Keywords: Toxicity, Heavy metals, Bio-accumulation, Sparus 

aurata fry, Bioassay, South Mediterranean Sea . 

 

 

Metals in surface waters consist of inputs from natural geochemical processes 

and anthropogenic activities. In addition, heavy metals enter the aquatic 

environment naturally through weathering of the earth crust 
(1)

. These natural 

geochemical processes are significant non-point sources of metal pollution in 

surface waters that pose enormous challenges to management and regulatory 

agencies. Despite the focus on the sources and impacts of metals originating 

from anthropogenic activities
(2, 3)

, recent studies have demonstrated that natural 

geochemical materials, such as black shales, may be enriched with potentially 

toxic metals 
(4- 7)

. 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; 
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particularly these metals which pose serious health hazards to humans (e.g. Cd, 

Pb and 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. Meanwhile, Manmade pollution 

originated from industrial and municipal wastewater discharged to the surface 

water without treatment is the major source of heavy metals to the coastal areas 
(8, 9)

.  However, there is scant information on the impacts of natural source of 

metals on aquatic biota. Thus, a study on the potential effects of these metals 

will better estimate environmental risk associated with their elevated 

concentrations in surface waters.  

 

Presently, Alexandria coastal area is subjected to heavy pollution loads from 

different sources of contamination including industrial and municipal 

wastewater. Meanwhile, there are some agricultural drainage and industrial 

wastewater discharged to the east coastal side of the city. Such wastewaters are 

loaded with organic and inorganic pollutants including nutrients, fertilizers and 

pesticides residues. The discharged wastewater is sometimes associated with 

hazardous metals of variable concentrations ranged from very low (µg/l) to 

much higher concentrations (mg/l) that are originated from industrial wastes and 

domestic wastewater 
(10, 11)

.  Heavy metals that are transported to the sea are 

usually settled on the sediments and accumulated by the living organisms and 

finally to the food chain 
(8,12)

.  

 

It is, generally, agreed that the pollution by inshore waters of the 

Mediterranean Sea has reached a critical level 
(13)

. As a result, aquatic animals 

are exposed to elevated levels of heavy metals 
(13)

. Consequently, the 

bioaccumulation of heavy metals in aquatic life, especially in fish is of 

imperative interest owing to the potential detrimental effect on human health. 

Many investigations revealed that essential and non-essential metals can induce 

toxic effects in fish by disturbing physiological activities, biochemical 

processes, reproduction, growth and mortality 
(14 - 17)

. The concern about 

mercury (Hg), cadmium (Cd) and lead (Pb) pollution in aquatic systems has 

increased in the last three decades due to high levels of heavy metals observed 

in fish and the associated risks to human health 
(16, 18)

. 

 

Mercury is recognized as the most highly toxic metal and must be 

stringently regulated in the discharged waste 
(19)

. The majority of mercury 

entering the aquatic environment is the inorganic form Hg
+2

. However, mercury 

methylation is only one step in a complex cycle that involves a variety of 

chemical, physical and biological transformations and is considered the highly 

toxic form of mercury 
(20)

. Some authors have already observed that mercury 

alters calcium homeostasis 
(21)

. In addition, mercury is one of the few metal 

pollutants that had already caused human deaths due to ingestion of 

contaminated food 
(21)

. The aquatic biota is the main mercury source of 
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contaminated food chain, since heavy metals undergo bio-magnification in the 

aquatic lives, presenting their highest concentration in higher tropic level 

organisms like fish 
(20)

. 

 

On the other hand, high concentrations of cadmium and other heavy metals 

are often associated with badly treated wastewater effluents 
(8,

 
22)

. Inorganic 

cadmium is quite toxic to aquatic organisms. It was reported that cadmium 

concentrations in all marine organisms, have increased 20 fold during the period 

from 1987 to 1997 that reached the range of 0.1 mg/kg wet weight 
(20)

. Despite 

the considerable amount of information available on the effects of individual 

heavy metals on aquatic organisms, reports on adverse effects of heavy metal 

mixtures to aquatic organisms and their interactions at lethal and sub lethal 

levels are quite limited. 

 

Canadian Environmental Quality Guidelines CCME, 1999
(23)

 confirms 

metals toxicity depends on their form in water. Ions and simple inorganic 

compounds are more toxic than complicated inorganic and organic metal 

compounds, e.g. those that are attached to humic substances. Metals are 

extremely toxic in the early life stages of fish. Mercury and cadmium have a 

high bioaccumulation capacity. That is why the concentration of these metals in 

water is a poorer indicator than the respective concentrations in sediments and 

in fish. Therefore, it is important to study the elevated metal concentrations in 

Sea waters that cause mortality, growth, and reproductive impairments on 

Marine biota. 

 

The principal objectives of this study were threefold: (i) to study the 

physical/chemical characteristics of the Mediterranean Sea water at 25 km off 

shore from Alexandria, Egypt. This includes the determination of Cd and Hg in 

the Sea water and in the fry of (Sparus aurata), (ii) to assess the toxic effect of 

mercury and / or cadmium on the early life stage of a selected fish under the 

laboratory pilot scale that mimicking the Mediterranean Sea conditions in a 

bioassay study including determination of the sublethal concentrations of 

inorganic mercury and cadmium (acute effects), and (iii) to assess the 

bioaccumulation of mercury and cadmium in the selected fish according to the 

variable level of these metals in the aquatic media (chronic effect). The selected 

fish in the present investigation is Sparus aurata fry. 

 

Materials and Methods 

 

Marine water of the El-Mex bay 

The water quality of the El-Mex Bay; west of Alexandria; South 

Mediterranean Sea, Egypt was regularly monitored. An extensive biweekly 

sampling program from the bay water and the fry of Sparus aurata fish was 

collected for a period of 6 months. The physical and chemical characteristics of 

the marine water together with the level of Hg and Cd in this marine water and 

in the fry of Sparus aurata fish were determined.  
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Bioassay experiment 

In this bioassay test, the aquatic organisms are used to detect the effect of 

heavy metals, namely mercury and cadmium on fry fish. 
 

Acute effect 

This bioassay investigation was carried out according to the recommended 

criteria concerning the establishment of reliable bioassay application reported 

by Canadian Environmental Quality Guidelines CCME, 1999
(23)

. 
 

a) Test organisms: the used organisms in all designed bioassays in this work 

were Sparus aurata fry of 2 cm mean length and 1.5 gm weight. They were 

collected from El-Mex bay. 
 

b) Test aquaria: Sea water was collected from an area apparently clean and 

far away from the direct influence of land based discharges. Such off shore Sea 

waters were collected regularly from the area of 25 km west of Alexandria for 

supplying the bioassays requirements. Before using the collected water in the 

bioassays, it was stored in all glass aquariums in continuous aeration conditions. 
 

c) Holding aquaria: The volume of tested marine water was 20 liters. These 

20 liters aquaria were equipped with glass covers of 4 mm perforation and 

filters connected with 3 mm glass tubes. Precautions were also taken in 

considering the ratio between water and animal weight in the aquarium. This 

ratio was not exceeding 11 at test solution for each 1g of animal weight 

according to UNEP No.43 (1984). Canadian Environmental Quality Guidelines 

CCME, 1999
(23) 

. 
 

d) Experimental test solutions: The heavy metals used in the present 

experimental study were pure Analytical Reagents (A.R.). 

 Inorganic mercury: In the form of A.R. mercuric chloride (HgCl2) the 

concentrations of the experimental test solution in this form ranged from 0.1 

to 10 mg/l. 

 Inorganic cadmium: In the form of A.R. cadmium nitrate Cd(NO3)2, the 

tested concentrations ranged from 0.1 mg/l to 10 mg/l.  

 Control bioassay: in a controlled similar aquarium an identical experimental 

work was conducted for each investigation during the whole period without 

adding any metals. The obtained results are used as the controlled reference 

and were correlated with the experimental ones. 

 

Chronic effects 

 Accumulation of inorganic mercury and cadmium  

The bioassay experiments were carried out by exposing the fish fry to mercury 

and / or cadmium for periods longer than 4 days (4, 8, 14 and 21 days). The purpose 

is to study the bioaccumulation rate by the fry survival in accordance with chronic 

exposure. In these experiments, the fry were fed regularly every four days. 
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During these relatively short-term experiments, the Sparus aurata fry were 

held in controlled ambient conditions (temperature = 16 
0
C, pH= 7.8 and 

salinity 35.5%0) for two weeks. At the beginning of the experiment, 120 fry 

were introduced into three vessels (40 fry individuals in each) with different 

concentrations in triplicate assays. These concentrations covered the range 

between 0.1 to 0.4 mg/l Hg as mercuric chloride and from 0.5 to 4.0 mg Cd
+2

/l 

as cadmium nitrate. 

 

The test organisms in all these bioassays were, again, Sparus aurata fry of   

2cm mean length and 1.5 gm weight. They were collected from the same 

location (i.e. 25 km offshore South Mediterranean Sea, El-Mex bay, west of 

Alexandria, Egypt). 

 

During the experiments, the feeding materials were analyzed to determine 

the content of mercury and cadmium. The analyses showed that concentrations 

were below the detection limit. For Hg and Cd, the detection limit was 0.01µg/l 

and 0.03µg/l, respectively. On the other hand, daily water samples from the 

experimental aquarium were taken for the determination of mercury and 

cadmium concentration. Meanwhile, seven individuals of test-fry fish were 

removed from each test solutions at 4, 8, 14 and 21 days for the same purpose. 

 

Determination of mercury and cadmium contents in fish samples 

Inorganic mercury and cadmium in fish 

The Sea water samples were filtered through Whitman filters paper No. 4 

then acidified by HNO3 to below pH 2.0. In this method 1gm fresh whole fry 

were digested according to the procedure described by APHA
(24) 

using 

concentrated HNO3 followed by H2O2. Mercury concentrations in water and fish 

samples were measured using cold vapor (Reducing Vaporization Mercury 

Analyzer) techniques of the Atomic Absorption spectrophotometer-AAS 

(Varian Tectron 1250). Meanwhile, cadmium concentrations in water and fish 

samples were detected using the flameless techniques of the same AAS (Varian 

Tectron 1250). Level of metals in fresh fish that were not exposed to 

contaminated water was also determined with the same procedures and the 

results were employed as control. 

  

Results and Discussion 

 

Physical and chemical characteristics of El-Mex Bay 

Results (Table 1) indicate that there is no great seasonal variation in the 

physical and chemical characteristics of the studied marine water of El-Max 

Bay. The low level of both nitrates and phosphates indicates that there is no 

sewage or agriculture drainage was discharged to this site.  However, the level 

of Hg and Cd were relatively low in both marine water and the Sparus aurata 

fry (Table 1).  
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TABLE 1. Physical and chemical characteristics as well as the level of mercury and 

cadmium in water and the fry of Sparus aurata fry collected from the El-

Max Bay (number of analyzed samples= 12). 

 

Parameters No. of S. Min. Max. Mean values 

Temperature 12 100C 190C 160C 

pH 12 7.8 8.9 8.7 

S% 0 12 38.80 38.98 38.9  

Dissolved Oxygen 12 4 mg O2/l 6 mg O2/l 5 mg O2/l 

Total Phosphates (as Phosphorus) 

(µg P/l) 
12 1.491 µg /l 1.697 µg /l 1.566 µg /l 

Total Nitrates (as Nitrogen) (µg N /l) 12 0.06 µg /l 0.10 µg /l 0.08 µg /l 

Organic matter 12 2.80 mg/l 3.19 mg/l 3.0 mg/l O2/l 

Background dissolved Hg 12 0.02 µg/l 0.02 µg/l 0.02 µg/l 

Background dissolved Cd  12 0.06 µg/l 0.06 µg/l 0.06 µg/l 

Fry Sparus aurata fish Hg (mg/kg 

dry weight) 
12 0.001 0.002 0.002  

Fry Sparus aurata fish Cd (mg/kg 

dry weight) 
12 0.003 0.003 0.003  

No. of S = number  of samples,         Min. = Minimum,               Max. = maximum,        

S%0  = Salinity 

 

Lethal concentrations of inorganic mercury (acute effects) 

When the Sparus aurata fry were exposed to 0.1, 0.2 and 0.3 mg/l Hg
+2

 in 

the chloride form no mortality occurred within 96 hr period. However, mortality 

was associated by increasing the level of Hg
+2

 to higher than 0.2 mg/l Hg
+2

. The 

results showed that as Hg concentration increases, mortality rate increases 

(Table 2). At concentrations of 0.4, 0.5, 0.6, 0.7 and 0.8 mg/l Hg
+2

 , the 

mortality rate was 15, 35, 65, 85 and 85 % ,  respectively. When the concentration 

reached 1.0 mg/l Hg
+2

, 100% mortality was recorded within 96 hr. By increasing 

the concentration up to 5 mg/l Hg
+2

 and after 36 hr exposure, the organisms 

exhibited lazy movement and tend to lie on the bottom of test vessels. In these 

experiments 100% mortalities were recorded at 48 hr exposure time. Most 

mortalities related to HgCl2 occurred at high concentrations (namely 10 mg/l 

Hg
+2

) within the first 2 hr of exposure time. It is worth mentioning that during 

the first 20 min of exposures and at concentration of 10 mg/l Hg
+2

, the 

swimming activity of the fish increased, particularly towards the water surface. 

Within 1 to 1½ hr prior to death, test organisms began to increase their 

respiratory movements and they tend to go towards the water surface before 

death. On the other hand, no mortality was observed among the control groups 

during the whole period of this assay. 

 

The acute toxicity assays for the fry fish indicated that LC50 values for 96 hr 

exposure (96h-LC50) was 0.861 as mercuric chloride (Fig. 1). 

 

Baldwin, et al. 
(25) 

, reported that 1 mg/l of mercuric chloride killed 90% of 

adult bamacles Balanas balanoides within 48 hr. However, they also reported 
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that the metamorphoses of eyprides are affected only with about 16.6 mg/l of 

mercuric chloride. Our present study recorded that within 48 hr and at 1.0 mg/l 

of mercuric chloride 85% mortality of Sparus aurata fry was observed, 

however, by increasing the concentration to 10.0 mg/l, the mortality reached 

100% within the first 2 hr (Table 2). 

 
TABLE 2. Mortality percentage of Sparus aurta fry at different time and concentration 

of HgCl2 . 

 

 

Concentration 

 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1 2 5 10 

Time (hours)  Mortality Percentage 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 0 0 100 

4 0 0 0 0 0 0 0 0 0 0 0 15 100 

8 0 0 0 0 0 0 0 0 0 15 15 35 100 

16 0 0 0 0 0 0 0 0 15 35 35 50 100 

24 0 0 0 0 0 0 0 15 35 50 60 65 100 

36 0 0 0 0 0 0 15 35 50 65 65 85 100 

48 0 0 0 0 0 0 35 50 65 85 85 100 100 

72 0 0 0 0 0 15 50 65 85 100 100 100 100 

96 0 0 0 0 15 35 65 85 85 100 100 100 100 

 

y = 8.1195x + 43.01
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Fig. 1. 96-lC50 calibration curve of mercury chloride for Sparus aurta fry. 

 

Regression analysis test for lethality of mercuric chloride 

As shown in Fig. 1 the percentage of mortality and the concentrations of 

mercuric chloride are highly correlated. The correlation coefficient (R
2
 = 0.299) 

and the regression equation is represented as follows: 

Y = 8.1195 X + 43.01 

where X and Y are Hg concentration as mg/l (HgCl2) and percentage of 

observed mortality in test fry after 96 hr exposure, respectively. 
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Lethal concentration of inorganic cadmium (short-term bioassay) 

Results (Table 3) illustrated that “no” mortality was observed at concentrations 

between 0.1 and 0.2 mg/l Cd
+2

 as cadmium nitrate, within the examined 

exposure time. Starting from the concentration of 0.4 mg Cd
+2

/l, mortality was 

recorded at 72 hr. Increasing Cd concentration to 8.0 mg Cd
+2

/l, mortality was 

observed within the first 4 hr of exposure time. It was noted that, the test 

organisms persisted for a short time, however within 45 min, the fry began to 

swim actively, and finally their behavior returned back to normal. Further 

increase in the exposure time to 96 hr, mortality rate reached 100% (Table 3). 

 

The results of acute cadmium toxicity bioassay are illustrated in Fig. 2. This 

study indicates that the 96h-LC50 value for cadmium on Sparus aurata fry is 

2.315 as cadmium nitrate (Fig. 2).  

 

These results proved that Sparus aurata species are more sensitive to 

mercury than cadmium. It has been reported by Van Sprang & Janssen 
(3)

 that 

the uptake and toxicity of metals depend on their bioavailability and is 

influenced by the water quality variables including salinity and temperature.  
 

TABLE 3. Mortality percentage of Sparus aurta fry at different times and 

concentrations of  cadmium nitrate . 

 

Concentration  

 
0 0.1 0.2 0.4 0.6 0.8 2 4 8 10 

Time (hours) Mortality Percentage 

1 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 100 

4 0 0 0 0 0 0 0 0 20 100 

8 0 0 0 0 0 0 0 20 40 100 

16 0 0 0 0 0 0 20 40 50 100 

24 0 0 0 0 0 20 40 55 65 100 

36 0 0 0 0 20 40 55 60 70 100 

48 0 0 0 0 40 55 60 65 75 100 

72 0 0 0 20 55 60 65 70 80 100 

96 0 0 0 40 65 70 75 75 100 100 

 

Regression analysis test of lethality of cadmium nitrate 

Figure 2 represents the regression line. The results reveal that the percentage 

of mortality and the concentration of cadmium nitrate are highly correlated. The 

correlation coefficient (R
2
 = 0.5817) and the regression equation is: 

Y = 8.4615 X + 30.415 

where X & Y are cadmium concentration as Cd(NO3)2 mg/l and percentage of 

mortality in test fry after 96 hr exposure, respectively. 
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Fig. 2. 96-LC50 calibration curve of cadmium nitrate for Sparus aurta fry . 

 

Sublethal concentrations of inorganic mercury and cadmium (chronic effects) 

The obtained results are given in Tables 4 and 5. In general, this bioassay 

proved that mercuric chloride and cadmium nitrate are concentrated by fry in 

appreciable amounts from the surrounding water (Fig. 3 and 4).  

 
TABLE 4. Mercury concentrations (mg.kg-1 fresh weight) as mercuric chloride in 

the fry of Sparus aurata fry (chronic effect or sublethal effect). 

 

Concentration 

mg.l-1 

 

4 days 

 

 

 

8 days 

 

 

 

14 days 

 

 

 

21 days 

 

 

 
 

 

Mean 

 

SD 

 

p< 

 

Mean 

 

SD 

 

P< 

 

Mean 

 

SD 

 

P< 

 

Mean 

 

SD 

 

P< 

 
Control 

 

0.002 

 

0 

 

 

 

0.002 

 

0 

 

 

 

0.002 

 

0 

 

 

 

0.004 

 

0 

 

 

 
0.1 

 

0.024 

 

0.001 

 

0.001 

 

0.039 

 

0.0005 

 

0.001 

 

0.045 

 

0.0030 

 

0.001 

 

'0.048 

 

0.001 

 

0.001 

 

0.2 

 

0.0.43 

 

0.0015 

 

0.001 

 

0.070 

 

0.0008 

 

0.001 

 

0.075 

 

0.0005 

 

0.001 

 

0.081 

 

0.001 

 

0.001 

 
0.3 

 

0.067 

 

0.028 

_. 

 

0.050 

 

0.115 

 

0.0011 

 

0.001 

 

0.120 

 

0.0100 

 

0.001 

 

0.123 

 

0.001 

 

0.001 

 
0.4 

 

0.086 

 

0.005 

 

0.001 

 

0.130 

 

0.0050 

 

0.001 

 

0.135 

 

0.0008 

 

0.001 

 

0.139 

 

0.001 

 

0.001 
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TABLE 5. Cadmium concentrations (mg.kg-1 fresh weight) as cadmium nitrate  in 

the fry of Sparus aurata (chronic effect or sublethal effect). 

 

Concentration 
 

4 days 

 

 

 

8 days 

 

 

 

14 days 

 

 

 

21 days 

 

 

 
(mg.l-1) 

 

Mean 

 

SD 

 

P< 

 

Mean 

 

SD 

 

p< 

 

Mean 

 

SD 

 

P< 

 

Mean 

 

SD 

 

P< 

 

Control 
 

0.005 
 

0 
 

 

 0.006 
 

0 
 

 

 
 

0.006 
 

0 
 

 

 
 

0.006 
 

0 
 

 

 
 

0.5 
 

0.096 0.001 
 

0.003 
 

0.19 0.005 
 

0.013 
 

0.42 0.002 
 

0.004 
 

0.49 0.001 
 

0.003 
 

1 
 

0.171 0.005 
 

0.013 
 

0.3 0.009 
 

0.022 
 

0.62 0.001 
 

0.003 
 

0.72 0.576 
 

1.431 
 

2 
 

0.252 0.003 
 

0.006 
 

0.43 0.002 
 

0.005 
 

0.8 0.002 
 

0.004 
 

0.97 0.001 
 

0.002 
 

4 
 

 
 

 

 
 

 

0.351 0.006 0.015 0.56 0.001 0.001 0.97 0.002 0.005 1.21 0.005 0.012 

 

Fig. 3. The bioaccumulation rate of mercury by fish at different exposure time and 
variable metal concentration. 

 

 
Fig. 4. The bioaccumulation rate of cadmium by fish at different exposure time and 

variable metal concentration. 
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For mercury  

Results (Table 4) indicated that increasing time of exposure increases 

accumulation of Hg in the Sparus aurata fry as chronic effect. However, the 

optimum increase was recorded after 8 days exposure time. At concentration of 

0.4 mg/l Hg
+2

 and after exposure time for 4 days, the concentration in the fry 

reached 0.086 mg/kg fresh weight. By increasing the time of exposure to 8 days, 

further increase in metal bioaccumulation by the fry was recorded after which 

almost stationary state was exhibited. The maximum Hg accumulations were 

detected after 21 days at which the level of Hg reached 0.048, 0.081, 0.123 and 

0.139 mg/kg (fresh weight) at the variable ambient solution conditions namely 

0.1, 0.2, 0.3 and 0.4 mg/l , respectively (Table 4). Reaching the stationary state 

may be explained by the relative saturation of the fry at the corresponding time 

of exposure and ambient concentration. The highest increase in the 

accumulation was exhibited at 4 days and 8 days after which a steady slight 

increase at 14 and 21 days took place. 

 

For cadmium  

Results (Table 5) obtained exhibited that the same trend related to Hg 

accumulation by the fry, i.e. a steady increase in the accumulation of Cd by the 

Sparus aurata fry was recorded as the exposure time increases from 4 to 21 

days. The Cd accumulation by the fry after 4 days exposure time was 0.096, 

0.171, 0.252 and 0.351 mg/kg (fresh weight) at the variable ambient solution 

conditions namely 0.5, 1.0, 2.0 and 4.0 mg/l, respectively (Table 5). Increasing 

the time of exposure to 21 days at the same ambient conditions, Cd 

accumulation increased to 0.49, 0.72, 0.97 and 1.21 mg/kg (fresh weight) at the 

same variable ambient solution conditions namely 0.5, 1.0, 2.0 and 4.0 mg/l, 

respectively (Table 5). 

 

In the present assay, accumulation of mercury by fry showed that the 

maximum burden quantity of mercury reached 0.139 mg/kg (fresh weight) in 

the examined species as it was subjected to mercury contamination condition in 

their surrounding waters of 0.40 mg/l for a period of 21 days at least. It was 

stated by Protasowicki
(26)

 and confirmed by Benson et al.
(27)

 that the 

accumulation rate of mercury depends upon the biological as well as 

physiological state of the tested fry. 

 

According to Larsson et al. 
(14)

 and Protasowicki
 (26)

 the gills are the primary 

route for mercury accumulation inside the fish body and that the mercury passes 

through the epithelium of the gills then to the blood by passive diffusion. It was 

further reported by Protasowicki 
(26) 

that mercury inters the blood may be bind to 

plasma proteins or become associated with lipids and transported through the body. 

Both inorganic and organic mercuric salts were reported to be more soluble in lipid 

than in aqueous solution 
(26)

. The distribution of mercury amongst tissues is 

probably due to number of factors, including the degree of vascularization of 

tissue, the chemical nature of the tissue, and the chemical form of mercury. In 

mammals, tissues such as kidneys that are heavily vascularized and 
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characterized by large internal surface area accumulate larger amounts of 

mercury 
(28)

. 

 

Several mechanisms have been proposed 
(29, 28)

 for uptake of trace elements 

by marine organisms that can be summarized as follows: 

1) Adsorption of ions at membrane-water interface. 

2) Adsorption by active and or passive diffusion of metal ions from sea water 

across semi-preamble membranes into the body fluids. 

3) Ingestion of ions with food or in combination with particulate matter and 

absorption through the gut-wall. 

 

In our case, the first and second mechanisms are possible, and to lesser 

extend the third mechanism since fry Sparus aurata have been fed every 4 days 

with food of almost free metals content. 

 

Helcom 
(30)

 found that Hg
+2

 concentrations in some marine fish species 

reached 0.0250 to 0.155 mg/kg.  Meanwhile Zarski et al.
(31)

 detected nearly the 

same range in fish collected from non-contaminated areas. 

 

In fish from environments with elevated mercury concentration, the range 

runs up to 9.8 mg/kg 
(32)

 which is the highest mercury concentration yet reported 

in fish. Such result reflects the rate of mercury accumulation by fish in 

proportional to metal concentration in the surrounding waters. This founding is 

in good agreement with the present investigation where the accumulation rate 

depends proportionally on concentration of metal in the surrounding waters. 

 

Low tolerance of mercury compounds by mollusks especially organic-

mercuric compounds was reported by Hofer & Lakner 
(33)

. They confirmed that 

mercury at low concentration as 0.1 mg/l in short-term experiments had toxic 

effects at which the Hg accumulation reached 0.1 mg/kg fresh weight. This 

value is corresponding to the results obtained in the present bioassay in terms of 

exposing the Sparus aurata fry to mercury concentration of 0.3 mg/l for a 

period of 8 days (Table 4). Higher accumulation was obtained at both longer 

exposure time and higher metal concentration values (Fig. 3).  

 

In the present work, it appears that accumulation of cadmium in the fry of 

Sparus aurata followed a remarkable trend. When an ambient concentration of 

Cd increased, the rate of accumulation increased (Table 5). This may be due to 

the capability of the physiological systems of the fish to carry on extra burden 

of such toxic metal. This was confirmed by other authors 
(17, 27)

. Nevertheless, it 

is clear that accumulation of cadmium in the whole fish body increased with 

increasing the concentration of this metal in the media. In addition, the longer 

exposure time the relatively higher accumulation of Cd was recorded. Cd(NO3)2 

was augmented from 0.351 mg/kg to 1.21 mg/kg when the exposure were 

extended from 4 to 21 days at concentration of 4.0 mg Cd/l. Wiener 
(34)

 reported 
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that the exposure of common guppy Lebistes reticulates to sublethal 

concentration of zinc sulphate and lead nitrate for a period of 3 months, the 

accumulated amounts were 1.15 mg/kg and 1.25 mg/kg, respectively. 

 

The overall results of the present investigation reveal the following: 

1. The west coast of Alexandria; namely; El-Mex Bay is free of wastewater 

discharge. The concentration of Hg and Cd in the marine water and in the 

fish tissue collected from this Bay is within the low level 

2. Mortality rate of the Sparus aurata fry reached 100 % after 96 hr 

exposure at the concentration of 1.0 mg/l for Hg and 8.0 mg/l for Cd.  

3. Both mercury and cadmium have a high bioaccumulation capacity by fish. 

4. Short-term exposing the Sparus aurata fry to 0.4 mg Hg/l and 4.0 mg 

Cd/l up to 21 days resulted in accumulating 0.139 mg Hg/kg and 1.21 mg 

Cd/kg fresh weight, respectively. 

5. The chronic effect study indicated that increasing the accumulation rate of 

Hg inside the fry bodies is proportional to the increase of Hg concentration 

in the aquatic media up to certain extent. After which the accumulation rate 

of metal by the fry did not increase with any corresponding increase of 

metal in the aquatic media. When the ambient concentration of Cd was 

doubled, the rate of accumulation was slightly increased due to the 

saturation of the physiological systems in the fish. This rate of 

accumulation is known to follow the first order kinetic reaction. 

 

Conclusion and Recommendation 

 

The bio-available fraction of metal is corresponding to high mortality rate of 

the Sparus aurata fry. It is, therefore, strongly recommended to protect the 

marine environment from any discharge of wastewater particularly that 

contaminated with heavy metals or other hazard pollutants. Fishing in such 

closed areas should be absolutely banned due to the tendency of metals 

accumulation by fish. 
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 ةــزريع ىـوم علــق والكادميــرالسمي لكالً من الزئبــالتأثي

SparusAurata –  مصر -جنوب البحرالمتوسط 
 

سحرتىعبير ال وحسين أبراهيم عبد الشافى 
*

 

 والقاهرة  –الدقى  –المركز القومى للبحوث  –قسم بحوث تلوث المياه 
*

معهد 

 .مصر -األسكندرية  –األنفوشى  –علوم البحار 

 
 SparusAurataاسة التأثير السمي لكالً من الزئبق والكادميوم على زريعة رتم د

ف الكيميائية وأيضاً تم قياس الظرو. اإلسكندرية –التي تم جمعها من خليج المكس 

وقد أظهرت النتائج أن التأثير السمي لنصف . الفيزيائية المحيطة بمنطقة الدراسة

على  0.8610و  mg/L 0.691 ساعة للزئبق والكادميوم 69عدد الزريعة بعد 

اتضح أيضاً أن التركيز المميت للزئبق بعد إضافة محلول كلوريد الزئبق . التوالي

HgCl2  0.4كانmg/L  ميلجرام فى  10 عند التركيز األعلى . عةسا 69بعد

أما في حالة نيترات الكادميوم . تر نفوق الزريعة حدث بعد ساعتين من التعرضلال

0.4mg Cdفبدأ النفوق عند تركيز 
+2

/L  وبزيادة تركيز الكادميوم . ساعة 07بعد

0.8mg Cdإلى 
+2

/L  ساعات فقط من التعرض وبزيادة  4لوحظ نفوق بعد

وقد تم التوصل إلى أن التأثير . ساعة 69بعد  ٪100التركيز حدث النفوق بنسبة 

المزمن للسمية يتناسب طردياً مع زيادة تركيز العنصر السام في البيئة المائية 

ئبق المحيطة وقد أظهرت الدراسة أيضا أن الزريعة حساسة جداً لتركيزات الز

 .والكادميوم
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