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ABSTRACT 
 

The level concentrations of heavy metals (essential and nonessential) were measured in 
different marine biota including cephalopoda, bivalve, crustacean and fish. The results 
reveal that these organisms show more or less the same order of distribution for each of the 
metals studied. The average concentrations of heavy metals exhibited the following 
decreasing order: cephalopoda > bivalve > crustacean > fish. The levels of metals in all 
studied samples are still comparable to those in their corresponding in the Mediterranean 
Sea. K (98-181µg/g) and Ca (547-1472 µg/g) were present at the highest concentrations in 
all investigated samples. Octopus and Sepia do not follow the general pattern. The highest 
value of Metal Pollution Index (MPI) in cephalopod was recorded in octopus (9.55) 
followed by sepia (7.62). Among investigated bivalve, the highest values of MPI were 
recorded in Mactra coralline (2.87). 

 
1. INTRODUCTION 
 

Many marine organisms have the 
potential to bio-concentrate high levels of 
metals from their environment (Szeffer et al., 
1999). Metal bioaccumulation by marine 
organisms has been the subject of 
considerable interest in recent years because 
of serious concern that high levels of metals 
may have detrimental effects on the marine 
organisms and may create problems in 
relation to their suitability as food for 
humans. Several organizations have pointed 
out the need for monitoring heavy metals 
concentrations in the environment 
(UNEP/FAO, 1996) because of their toxicity, 
persistence and accumulation in the biota. 

Metal pollution of the sea is less visible 
and direct than other types of marine 
pollution but its effects on marine ecosystems 
and humans are intensive and very extensive. 
As an indirect measure of the abundance and 
availability of metals in the marine 

environment, the bioaccumulation of metals 
by the tissues of marine organisms had 
studied. The bioaccumulation studies led to 
adoption of the bio-indicator concept. Fish 
are widely used as bio-indicators of marine 
pollution by metals (Evans et al., 1993). 

Fish provide omega-3(n-3) fatty acids that 
reduce cholesterol levels and the incidence of 
heart disease, stroke, and preterm delivery 
(Daviglus et al., 2002 and Patterson, 2002). 
So levels of contaminates in fish are of 
particular interest because of the potential 
risk to humans who consume them. 
 
2. MATERIAL AND METHODS 
 

Four species of vertebrate; (Mugil capito, 
Siganus rivulatus, Sparus auratus & Sardina 
pilchardus), two species of bivalve (Mactra 
spp., Mytilus spp.); two species of 
crustaceans {Portunus spp. 

(Crab) Penaeus spp. (Prawn)}; and two 
species cephalopod (Sepia spp., Octopus 
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spp.), were collected from local fishermen at 
Alexandria region (during October 2005) and 
kept frozen (-20°C) prior to analysis. Species 
were identified and prepared for analysis 
according to Bernhard (1976) and UNEP 
(1984). One gm (dry weight) of composite 
samples (about 0.2 gm, triplicate) was placed 
in each of the Teflon digestion vessel and 
concentrated HNO3 was added in amount 
needed for digestion. The vessels were placed 
in a steel block oven at 50-60°C for three 
hours. In case of incomplete digestion, the 
above experiment was repeated till the 
solution becomes clear, which is then 
transferred into clean 25 ml volumetric flask 
and brought up to volume with DDW. Vials 
were tightly stopperd until analysis by AAS. 
The digestion of bivalve was made by the 
same experiment but with the addition of a 
mixture of hydrochloric and perchloric acid 
and heating in the oven for 5 hours (Harms, 
1982). All laboratory equipment and 
containers were washed in 10% HNO3 

solution and deionized water rinse prior to 
each use (Burger et al., 2001). 

All the digested samples were analyzed 
by Flame Atomic Absorption 
Spectrophotometer (AAS) for determine Cu, 
Fe, Se, Zn and Cr and by Graphite furnace 
Atomic Absorption Spectrophotometer for 
determine Pb and Cd (National Research 
Central Laboratory, Cairo). 

The method for total mercury 
measurement was occurred after dissolving 
the fish tissue in concentrated nitric acid 

under high pressure and temperature using a 
microwave digestion system. The mercury in  
solution was analyzed using a non-dispersive 
atomic fluorescence spectrometer. Digestion  
procedure for samples is described by Feng et 
al., (1994) and the procedure for instrumental 
measurement of mercury is given by Bloom 
and Fitzgerald (1988). 
Procedures for collection, homogenization, 
and data reporting are covered by other 
appropriate NBS/GLSC methods. The 
trapped mercury is subsequently desorbed 
thermally and measured on a Tekran CVAFS 
Mercury Analyzer Model 2500. 
The concentrations of all metals expressed by 
µg/g dry weight (DW). For each 10 analyzed 
samples, one parallel blank was preceded. 
 
3. RESULTS AND DISCUSSION 
 

The precision of technique was tested by 
replicate analysis of heavy metals (Table 1), 
using DORM-2 (dogfish muscle). Average 
recoveries were ranged from 81 to 102%. 
Number of sample, scientific, common name 
and feeding habits of each sample are 
summarized in Table (2). The mean 
concentrations of trace metals Ca, K, Cu, Fe, 
Se, Sr, Zn, Cr, Cd, Hg and Pb and their 
ranges in four groups (bivalve, crustaceans, 
cephalopod and vertebrate) as µg/g dry 
weight for all the species studied are 
presented in Tables 3 – 5. 
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Burger et al., (2001) found that the dry 

weight ranged from 23% to 33% of the 
corresponding wet weight (i.e., water content 
of 67 – 77%). A perusal of Fig. (1) shows 
that; Octopus spp. and Sepia spp. 
(cephalopod) were consistently highest for all 
studied metals except Se and Hg. These high 
levels were may be due to the food habit 
where cephalopod eats small moluscan, 
shrimp, crabs and other crustaceans. Portunus 
spp. had the highest levels of selenium which 
recorded 3.9 (1.7-4.3) µg/g. On the other 
hand, vertebrate represented the least 
abundant of all studied metals except Se and 
Hg, which recorded 2.4 and 0.12 µg/g, 
respectively, (Tables 3-5). Also, there was 
insignificant difference between the averages 
in bivalve and crustacean of all studied 
metals. There were interspecific differences  

 
 
 
 

 
 

in levels of these metals. Zinc recorded the 
highest values of these essential metals, on 
the other hand, chromium recorded the lowest 
values. 

Copper is the most toxic metal after 
mercury and silver (Clark, 1989). The 
concentrations of copper fluctuated between 
0.9µg/g found in both Sparus auratus and 
Mugil capito and 11.7µg/g in Octopus spp. 
(Table 3). Copper ranged from 0.6 to 1.2 with 
mean value 1.0µg/g in Siganus rivulatus.  

Iron is the most abundant transition 
element, and probably the most well known 
metal in biologic systems (Frُstner and 
Wittmann 1983). Iron concentrations in 
investigated organisms ranged from 6.4µg/g 
(Mugil capito) to 97.9 µg/g (Octopus spp.), 
this highest amount is higher than those 
reported in cephalopods by Miramand and 
Bentley (1992) since Fe values in Eledone 

cirrhosa (25µg/g) and Sepia officinalis 
(14µg/g). 
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Although selenium is an essential 
micronutrient, it can be toxic at high levels 
(Coyle et al., 1993). A concentration of about 
1µg/g (wet weight) in prey is the threshold 
for Se toxicity in some fish, while muscle 
concentration of 2.6µg/g (wet weight) is 
associated with adverse in the fish themselves 
(Lemly 1993a and b). In our study, there is no 
problem for the fish themselves, hence the 
values ranged from 1.1µg/g in Sepia spp. to 
3.9µg/g in portunus spp. Burger and 
Gochfeld (2005) estimated concentrations of 
selenium in small and large Shrimp ranged 
from (0.14 - 0.16 & 0.19 – 0.23 µg/g), wet 
weight, respectively. These were lower than 
that of the present study; hence the mean in 

penaeus spp. which recorded 2.4 µg/g with 
averages (1.0-2.7µg/g). There is no 
significance difference in concentrations of 
Sr and Se as shown in Table (3), except in 
Sepia spp. and Octopus spp., hence recorded 
high levels (3.1 - 20.7 & 9.0 – 15 µg/g, 
respectively,). Zinc is responsible for some 
important biological functions and relatively 
high level is necessary to maintain these 
biological functions. It is a constituent of all 
cells, and of many enzymes (Oehlenschlager, 
1997). Zinc was the first abundant essential 
element in the soft part of studied species. 
This high values confirms obtaining majority 
of zinc from dietary sources rather than from 
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water (Kargin, 1996). The highest value was 
observed in (Octopus spp.). 

The concentrations obtained for Zn are in 
agreement with the work of El Nabawi et al., 
(1987), who studied Zn in fish from the 
Alexandria region and obtained values 
ranging from 16.5 µg/g to 40.5 µg/g. 
However, Prudente et al., (1994) studied 
metal levels in some commercial fish species 
from Manila Bay, Philippines, and obtained 
higher results (39-124 µg/g). Considering 
cephalopods, Miramand and Bentley, (1992) 
measured 105 ug/g and 62 µg/g in E.cirrhasa 
and S.officinalis, recpectively. These values 
agree with our obtained data for octopus spp. 
in the present work. 

Chromium is essential trace element, 
although its toxicity at high doses (Burger 
and Gochfeld, 1995). Levels in our 
commercial fish were low, suggesting that 
predators or scavengers would not be at risk 
from chromium if they ate them in the wild. 
It is clear from Table (3) that, Cr recorded the 
least abundance of studied essential elements. 

There is no significant difference between 
averages of Cr in both bivalve and vertebrate. 
On the other hand, the averages recorded 1.15 
and 2.45 µg/g in crustaceans and in 
cephalopod, respectively. Burger and 
Gochfeld, (2005) estimated the ranges of Cr 
in small and large prawn (0.04 - 0.03 & 
0.03µg/g, wet weight, respectively). The 
ranges in the present study were higher than 
ranges recorded by the previous author. 

Cadmium, mercury and lead are toxic 
heavy metals. There were no consistent 
differences in these metal levels. This group 
of toxic reflects an exogenous influence that 
may be related to environmental pollution. 

Adverse effects from cadmium can occur 
in fish dietary levels of 1.0 µg/g (Eisler, 
1985). Whole body burdens of cadmium in 

fish from the United States overall average 
0.03µg/g (wet weight), with the maximum 
being 0.22 µg/g (Schmitt and Brumbaugh, 
1990); current levels can range as high as 
0.54 µg/g in free ranging fish (Burger et al., 
2002). 

Burger and Gochfeld (2005), in small and 
large prawn, were (00013 - 0.00002 & 0.004–
0.001), wet weight, respectively. In contract 
the present study declared that levels of 
cadmium were below all these ranges. The 
lowest concentrations were recorded in the 
fish and highest in the cephalopod, as shown 
in Table (4). 

Codex Alimentarius Commission (2002) 
has standards or proposed standards for Cd in 
mollusks (1.0 µg/g) and crustacean (0.5 
µg/g). For cadmium the joint Monitoring 
Programmed established under the Osla and 
Paris Commissions set a guideline of 0.2µg/g 
in fish and below 2 µg/g in mussels. 

However, Eisler (1987) concluded that, 
when the level of Hg in fish muscle was 
5µg/g (wet weight) can be associated with 
emaciation, decreased coordination, loss of 
appetite, and mortality in fish themselves, 
while concentrations of 15µg/g are required 
for adverse effects in predators that eat the 
fish (Wiener and Spry, 1996). In our study, a 
concentration of Hg does not reach to this 
level, so it does not pose a problem for the 
studied organisms themselves and the 
consumers. Both of Penaeus spp. and sardina 
pilchardus had the highest levels of mercury 
of magnitude 0.17 (0.08-0.29) & 0.17 (0.13-
0.32)µg/g, respectively (Table 4). 

This is agreeing with Burger and 
Gochfeld (2005), the levels varied among 
species by an order of magnitude for most 
metals, except for mercury (Table 4). 
Harmful effects occur at dietary levels 5.5 
µg/g (WHO, 1991). 
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Lead is a neurotoxin that cause behavioral 
deficits in vertebrates (Weber and Dingel, 
1997) and an cause decreases in survival, 
growth rates and metabolism (Eisler, 1988; 
Burger and Gochfeld, 2000). Dietary levels 
as low as 0.1-0.5 µg/g (wet weight) is 
associated with learning deficits in some 
vertebrates (Eisler, 1988). In our study, the 
levels of lead in some species averaged 
within this range, suggesting that some 
sensitive predatory vertebrates may be 
impacted by the levels of lead in these fish. 
Lead, in the studied organisms (<0.03 to 2.8 
µg/g), this may be explained by the relatively 
low rate of binding the lead metal to the SH 
groups in the muscles. In addition, the low 
solubility of salts restricts movement across 
the cell membranes (Moore and 
Ramamoorthy, 1984). There is no difference 
between mean concentrations of lead in all 
species of fish. This is agrees with Moore & 

Ramamoorthy (1981), where the residues of 
fish muscle can not be related to the 
concentrations in water, in addition no 
correlation was found between the feeding 
habit and tissues levels. In prawn same author 
recorded 0.17 (0.08 - 0.29) µg/g were lower 
than recorded as wet weight (0.29-0.24 µg/g) 
in small prawn and (0.17-0.15 µg/g) by 
Burger and Gochfeld, (2005). The Codex 
Alimentarius Commission, (2002) specifies 
levels for Pb in fish (1.0 µg/g) and in 
mollusks 2.5 µg/g. 

Contaminations in marine organisms can 
pose a health risk to the fish themselves, to 
their predators, and to humans who consume 
them. The concentrations of Se, Zn, Cr, Cd, 
Hg and Pb in the studied organisms were 
below the risk international standards (Se: 
0.3–2.0 with median 1.5; Zn: 40–100 with 
median 50; Cr: 1.0; Cd: 0.05–2.0 with median 
0.3; Hg: 0.1–1.0 with median 0.5 and Pb: 
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0.5–10.0 with median 2.0µg/g, wet weight) 
given by United Nations Food and 
Agriculture Organization for Reference Dose 
(risk-based); Environmental Protection 
Agency (EPA, 2004). 

Potassium and calcium are the most 
abundant major elements. However, large 
variations between individuals were found. It 
is clear from Table (5) that, average values of 
calcium in all organisms were recorded 
highest and fluctuated between 529 µg/g in 
vertebrate and 788 µg/g in cephalopod. 

While potassium ranged from 67 µg/g in 
both Siganus rivulatus and Sparus auratus to 
133 µg/g in octopus spp. 

Concentrations do not constitute a hazard 
for consumer. People should not only eat 

smaller quantities of fish known to 
accumulate metals but also should eat a 
diversity of fish to avoid consuming 
unhealthy quantities of metals. Also 
consumers should bear in mind that standards 
have a margin of safety but, conversely, that 
action levels are not necessarily risk based. 
The dose of toxic metal that one obtains from 
fish depends on the quantity of fish 
consumed. 

To compare the total metal content in the 
different sampling sites investigated in this 
study, the metal pollution index (MPI) was 
used with the formula (Usero et al., 1996 and 
1997). 
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MPI = (M1 x M2 x M3x…….x Mn) 1/n 

where, Mn is the concentration expressed in 
µg/g in dry weight (dw) of any investigated 
metals. From Fig. (2), it is clear that MPI in 
major, essential and heavy metals recorded 
higher in Sepia and octopus (cephalopod) and 
followed by crustacean followed by bivalve 
and the lower occurred in vertebrate. On the 
other hand MPI of essential metals were 
higher than of heavy metals. 

Moreover, the risk to man from 
consumption of metals in fish/sea food has 
been discussed by Bernhard (1982); WHO 
(1972 and 1989); USPA (1991) and ANSFA 
(1998). This can be estimated by comparing 
the metal intake from an observed 
consumption rate of seafood with a 
Provisional Tolerable Weekly Intake (PTWI). 
For the metals Selenium, copper, mercury, 
cadmium and lead PTWI values were 
calculated to be 2450, 245000, 350, 490 and 
1750 µg per 70 kg man, respectively. 

Consumption rate were 260.04, 1.04, 
3.12, 1.55, 0.414 and 0.96 gm weekly for 70 
kg human from fishes, Portunus spp., 
Penaeus spp., Sepia spp., Octopus spp. and 
bivalves, respectively; General authority of 

fish resources and development (2004). The 
percentage of the present concentrations to 
that of PTWI was estimated for these metals 
(Table 6), which illustrated that the reported 
concentrations of trace metals in fish were 
low except for Se and Hg, so there is no risk 
from the human consumption of these fish. 
Although sea foods reported in the present 
study 

(cephalopod, crustacean and bivalves) had 
higher concentrations for trace content in 
their bodies than that of fish studied, they 
showed lower values of PTWI because their 
human consumption rate was very low 
compared with that of fishes. 

Table (7) showed the averages of 
condition factors of the different fish species. 
These averages were calculated, as shown by 
Le Cren (1951). The most species have an 
average condition factor higher than one, 
except Sardine species (= 0.563). This means 
that the measured fishes were healthy and the 
environment did not affect their activities 
(Table 7). 

According to Aboul-Nagah and Allam 
(1997), CF for the different size groups of 
Sardine were (0.65-0.85). 
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