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ABSTRACT 
 

This study was carried out with the purpose of using Saccostrea cucullata for biological monitoring three 
metals (Cu, Pb and Ni) on the Iranian coasts along the Oman Sea. Samples of oysters and sediments were 
collected from the intertidal zone at five different stations during low tide in August and February 2007. 
Sediment and tissue samples were oven dried and acid digested. The metal contents of samples were 
analyzed using an atomic absorption spectrophotometer (Unicam 919). The results showed that Cu, Pb 
and Ni concentrations in the sediment samples are as fallows: 27.4 ±1.1, 32.0 ± 2.2 and 20.8  ± 2.2 μg.g-

1dw respectively. The metals concentration in the soft tissues of oyster was determined as 185.2 ±21.0, 
5.1 ± 1.1 and 6.0 ±1.0 μg.g-1dw for Cu, Pb and Ni respectively. Similarly, Cu, Pb and Ni concentrations in 
the shells were found to be at 27.1 ± 1.6, 27.3 ± 2.6 and 14.2 ±  2.0 μg.g-1dw respectively. A Significant 
correlation was found between Pb concentration in soft tissue and sediment samples. Similarly 
correlations between metals contents of sediments and hard tissues were found to be significant, 
suggesting that the soft tissue of S. cucullata should be a useful tool for Pb monitoring in the study area. 
While, the shell is an appropriate biomonitor agent for the all three metals. According to available 
standards, metals concentration in the soft tissue of oyster was higher than daily human, s consumption.  
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INTRODUCTION 
 

 Marine pollution is a global environmental problem. Human activities in the coastal area and marine water 
contribute to the discharge of various kinds of pollutants such as heavy metals into the marine ecosystems (Censi et al., 2006; 
Pote et al., 2008). The main reason for the metal contamination is considered as persistent and due to their toxic properties, 
could create several problems for different kinds of marine ecosystems and could be accumulating in marine organisms (Wen 
et al., 2007; Wcislo et al., 2008). Moreover, their accumulation in marine organisms and biomagnification throughout the 
food chain may be harmful for human health (Kowalski 1994; Valls and Lorenzo, 2002; Gochfeld 2003; Yi et al., 2008). 
Monitoring of heavy metals in marine environment as especially coastal zone is very important to assess the metal 
contamination in the marine environment (Fowler et al., 2007; Yin et al., 2008). Traditional monitoring of heavy metals in 
the aquatic environment involves determining and comparing the metal in water, sediment and biota. But, each method 
present it's own problems and limitations (Agrawal, 2005).  
 The low concentration of metals in the ambient water makes analysis difficult as contamination problems become 
significant and pre-concentration is required. The typical large temporal variations in metals concentration in water often warrant 
frequent sampling and analysis. Another major criticism is that information on bioavailability of metals is not provided 
(Mashinchian Moradi, 2001; Boening, 1999). The metals concentration in sediment provides a time-integrated estimate of metal 
levels. However, are significantly affected by particle size, organic content and redox conditions, which cannot be standardized 
(Tam and Wong, 2000; Santos et al., 2005; Mil-Homens et al., 2007; El Nemr et al., 2007; Karsten et al., 2008).  
 The use of organisms for biomonitoring of heavy metals in marine environment cannot only concentrate metals from 
water, but also provides a time-integrated estimate on the bioavailable fraction of heavy metals in marine ecosystems 
(Nicholson & Lam, 2005; Morelli et al., 2009). As a result, biomonitoring process has been widely used to monitoring metals 
in the last two decades (Zelika et al., 2003; Nicholson & Lam, 2005; Stanly et al., 2008). Different types of organisms may 
be used for biomonitoring, such as marine algae (Topcuo et al., 2003; Besada et al., 2009) and filter-feeding mollusks 
(Mashinchian Moradi, 2001; Zorita et al., 2006; Hamed and Emara, 2006). Many studied showed, bivalves do not regulate 

59  



J. Appl. Environ. Biol. Sci., 2(1)59-66, 2012 
 

the level of some metals within their body (Stanly et al., 2008) and they can deflect the metals contamination from 
surrounding area. Thus, bivalves to be considered as good biomonitor agents for heavy metal monitoring in aquatic 
ecosystems (Elfwing & Tedengreen, 2002; Yap et al., 2003; Zelika et al., 2003; Nicholson et al., 2005; Zorita et al., 2006; 
Vlahogianni et al., 2007; Maanan, 2008).  
 Chabahar is a developing area. Water discharge by boats and ships, marine transportation and ballast water 
discharges are main sources of pollutants in this area. While, food factory, wastewater, industrial and agricultural discharges 
and dredging are another sources of pollutant in Chabahar coasts. These activities along the Chabahar coasts have caused this 
area to be exposed to different kinds of pollutants specially heavy metals (Amini Ranjbar, 2006). Although bivalves specially 
S. cucullata are widely distributed in this area, but there is a lack of information related to heavy metal content of them. This 
study was carried out with purpose using of S. cucullata indices biological monitoring of heavy metals in the studied area. 
 

 
 

Fig. 1 Map showing study area 
 

MATERIALS AND METHODS 
Study area  
 

 Five different stations were studied along Chabahar coasts from Guatr bay to Tiss port (Fig.1). The position and the 
name of each station are shown in table 1.  
 

Sampling and storage 
 

 Samples of sediment and oyster were taken during low tide in August and February 2007. The top 3-5 cm of 
sediments were collected near the oyster habitats. Three replicates of sediments were sampled from each site. Each sediment 
sample was placed in an acid-washed polyethylene bag and deep-frozen prior to analysis. Thirty oysters of the same size 
(7.65 to 9.1 cm) were collected from each station. Stainless steel hammer and Rod were used to separate oysters from their 
surrounding cliffs. The collected oysters were placed in polyethylene containers and all samples transferred to laboratory by 
using Icebox. All of debris's were removed from each sample in laboratory. After washing shells with double distilled water, 
oysters were freezed in -20oc freezer until the next step (Orescanin et al., 2006).   
 

Sample preparation 
 

In order to dry samples, Sediments were oven dried at 105 oC for at least 16 h until a constant weight was obtained 
(Delman et al., 2006). Afterwards, they were sieved through a 0.6 mm stainless steel sieve and shaken vigorously to produce 
homogeneity. Then they were powdered using glass mortar and stored in polyethylene pillboxes until digestion. Oysters were 
taken from freezer and were placed in the laboratory to melt their ice. Soft tissues were separated from the shell by using 
stainless steel knife and both soft and hard tissues were oven dried at 80oC until constant weight was obtained (Yap et al., 
2002; Orescanin et al., 2006). The dried samples from each station were then pooled together in order to obtain sufficient 
amount of tissues for metal analysis. They were powdered using glass mortar and were stored in polyethylene pillboxes until 
digestion. They oyster shells were also washed using percentage0.5 nitric acid and oven dried. Then they were powdered and 
stored as the same procedure as for soft tissues (Yap et al., 2003). 
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Heavy metals analysis 
 

for the analysis of total Cu, Pb and Ni concentrations in sediment, 1g of each dried sample was digested in a combination 
of concentrated nitric acid (65%, Merck, Darmstadt, Germany) and perchloric acid (60% Merck) in the ratio 4:1, first at low 
temperature (400C) for 1 h and then the temperature was increased to 1400C for 3 h (Orescanin et al., 3006). The metal 
analysis for both tissues was performed with the same method. 1 g of each dry sample from soft tissue and shell of oyster 
were digested in pure nitric acid (65% Merck). The samples were predigested first for 1 hour in 400C and then digestion was 
continued for 3 hours in 1400C. After digestion, samples were cooled in laboratory temperature, diluted to certain volume 
using double distilled water and filtered by filter paper (Whatman 42µ) (Yap et al., 2002). Heavy metals analysis was 
performed by using Unicom 919 an air-acetylene atomic absorption spectrophotometer. 
 

Data analysis 
 

 All data were analyzed statistically by using SPSS version 13. The data were tested for normal distribution first. 
After ensuring normal distribution of data, the One-way analysis of Variance (ANOVA) was used to find any significant 
difference between metals concentration in samples. If significant difference was observed, Tukey post hoc test was used to 
determine different kinds. The Pearson's correlation coefficient was applied to determine the relationship and the significant 
levels between any two variables. 
 

Table 1. Position of stations along Chabahar coasts 

station latitudes 

St1 Guatr ″ 3/9  ' 30   ْ ◌61  E ″ 1/53  ' 9   ْ ◌25  N 

St2 Beris " 6/5  ′ 10.3   ْ ◌61 E " 55/7   ' 8   ْ ◌25  N 

St3 Ramin ″ 50  ' 44   ْ ◌60  E ″ 3/9  ′ 16   ْ ◌25  N 

St4 Shahid Beheshti ″ 7/12  ' 37   ْ ◌60  E ″ 92/9 ' 21   ْ ◌25  N 

St5 Tiss " 5/21 ′ 37   ْ ◌60 E " 2/39  ′ 17   ْ ◌25  N 

 
Table 2. The mean of Cu concentration (μg.g-1 dry weight) in sediment and different tissues of S. cucullata in summer and winter 

 sediment Soft tissue shell 

station summer winter summer winter summer winter 

Guatr 38.47±10 16.22±1.88 201.31±27.83 289.93±93 39.88±0.89 14.92±1.90 

Beriss 38.69±0.62 16.96±2.26 183+54±35.9 102.46±9.14 39.96±0.35 13.83±1.12 

Ramin 37.88±0.17 16.90±2.20 195.96±6.40 371.16±44.05 40.04±0.88 16.67±1.27 

Beheshti 38.07±0.25 15.87±1.25 89.70±7.67 84.96±17.23 37.15±5.46 14.16±1.57 

Tiss 38.29±0.36 16.25±1.12 137.52±10.73 195.30±19.65 40.57±0.71 15.88±1.55 

 
Table 3. The mean of Pb concentration (μg.g-1 dry weight) in sediment and different tissues of S. cucullata in summer and winter 

 sediment Soft tissue shell 

station summer winter summer winter summer winter 

Guatr 50.25±1.53 13.33±1.29 5.36±1.37 3.83±1.71 43.71±2.71 11.30±1.35 

Beriss 44.93±2.65 15.79±1.52 5.37±0.77 4.26±1.69 38.75±3.04 14.37±1.76 

Ramin 56.45±4.06 15.61±1.90 5.91±0.56 5.26±1.13 46.11±4.27 14.92±1.36 

Beheshti 51.78±3.27 12.09±0.35 5.15±0.60 4.70±1.00 44.68±3.27 12.79±2.21 

Tiss 48.48±4.60 10.98±1.14 5.97±0.54 4.71±0.96 41.76±4.01 12.23±0.85 
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Table 4. The mean of Ni concentration (μg.g-1 dry weight) in sediment and different tissues of S. cucullata in summer and winter 

 sediment Soft tissue shell 

station summer winter summer winter summer winter 

Guatr 25.69±2.22 12.38±1.86 9.39±1.79 6.40±0.62 20.91±2.98 5.47±1.28 

Beriss 30.28±2.40 17.10±1.78 5.31±1.05 7.19±0.76 20.24±2.66 7.79±0.48 

Ramin 28.42±2.54 14.46±2.33 1.89±1.09 6.94±0.71 24.41±3.53 7.79±0.71 

Beheshti 26.41±5.42 13.55±0.01 6.36±0.91 5.67±0.69 21.55±3.71 6.74±1.24 

Tiss 23.74±1.06 15.91±2.71 4.36±1.86 6.05±0.56 22.36±3.00 6.09±0.85 

 
Table 5. The Correlation between heavy metal concentrations in sediment and different tissues of S. cucullata in Iranian coast of the Oman 

sea 
  Cu Pb Ni 
Soft tissue sediment R2=0.08 

A=44.15 
B=-152.9 

 

R2=0.61* 
A=0.02 
B=4.18 

R2=0.04 
A=0.05 
B=4.74 

shell sediment R2=0.99* 
A=1.11 
B=-3.31 

R2=0.99* 
A=0.80 
B=2.27 

R2=0.89* 
A=1.13 
B=-9.35 

*Levels of significance are indicated as P < 0.05. 
 

Table 6- A comparison of mean heavy metals concentration (µg/g wet weight) in the soft tissue of oyster from intertidal zone of the 
Chabahar coasts 

 

reference  Ni  Pb  Cu  Standard  
Shulkin et al. 2003    0.2   ---  10  WHO  

Shulkin et al. 2003  0.5  0.5  30  FAO  
Liu and Kueh, 2005  0.8  1.70 11.5 USFDA  

Chang et al. 2007   ---  1.2   ---  ICES  
Darvish 2007  1   ---  20  ISIRI  

Present study                              0.87  0.73  27.4  Soft tissue  
 

RESULTS 
 

 The concentration of Cu, Pb and Ni in sediment and different tissues of oyster S. cucullata in different season are 
given in tables 2-4 respectively. Cu, Pb and Ni concentrations in sediment from five different stations were measured 15.87 
to 38.69 μg.g-1, 10.98 to 56.45 μg.g-1 and 12.38 to 30.28 μg.g-1 respectively. This indicated, the order of metal concentrations 
in the sediment of abundance: Pb>Cu>Ni. Similarly, the metal concentrations ranged in the shell were obtained 13.83 to 
46.04 μg.g-1, 11.30 to 40.11 μg.g-1 and 5.47 to 24.41 μg.g-1 for Cu, Pb and Ni respectively. However, this order of metal 
accumulation was different from that found in the soft tissue. Which had the following order of abundance: Cu>Pb>Ni. 84.70 
to 289.93 μg.g-1, 3.83 to 5.97 μg.g-1 and 1.89 to 9.39 μg.g-1 were measured for Cu, Pb and Ni in soft tissue of oyster in 
different stations during summer and winter. Pb concentration in shell was found to be higher than soft tissue. Unlike Pb, Cu 
concentration was found to be higher in the soft tissues. 
 Results indicated the pattern of metals accumulation in the sediment and shell of oyster were more and less similar 
(Pb>Cu>Ni). While, the pattern of metals accumulation in soft tissue was Cu>Pb≥Ni. Cu concentration was found to be 
higher in the soft tissues. Unlike Cu, the concentration of Pb in the shell was about 3 times higher than the soft tissues.  
The assessment for the potential use of the total soft tissue and shell of S. cucullata as a biomonitoring tool for Cu, Pb and Ni 
was based on the following. The relationship between metals concentration in the different tissues of oyster and those in the 
sediment are presented in table 5. No significant correlation was found for Cu and Ni between the sediment and the total soft 
tissue of oyster (P>0.05). While, the correlation between Pb concentration in the soft tissue of S. cucullata and sediment was 
to be significant (R2 = 0.61*, P<0.05). A significant correlation was found for Cu, Pb and Ni concentrations between the shell 
of oyster and the sediment (P<0.05).  
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DISCUSSION 
 

 They heavy metals concentration in sediment and different tissues of oyster were measured in intertidal zone of 
Chabahar coasts along the north coasts of the Oman sea. Results showed the order of metals accumulation in the sediment 
and shell of oyster are similar to Pb>Cu>Ni. While, the order of metal accumulation in the soft tissue of oyster is like to 
Cu>Pb≥Ni. These patterns indicated, the heavy metals concentration in the soft tissue of oyster may be regulate by 
physiological process and Excess concentration of heavy metals were accumulate in the shell, to have less effect on the oyster 
(Ballan-Dufrancias et al., 2001). Thus, the metals accumulation in the sediment and shell are similar. While, this pattern is 
not like to order metals accumulation in the soft tissue of oyster. Cravo et al., (2004) suggested that mollusk species might 
use their shell for sequestration of a part of up-taken heavy metals. This could be a part for detoxification of non-essential and 
excess essential metals taken in mollusks. On the other hand, the levels of Pb in the shell of Rock oyster from Chabahar 
coasts was found 3-4 times higher than those measured in the soft tissue of oyster and The soft tissue of oyster has high 
concentration of the Cu. Cu is an essential metal for oysters. They are use the Cu to make haemocyanin for respiratory 
pigments (Launestein et al., 2002; Caussy et al., 2003؛ Conner & Launestein, 2005). While, Pb is not essential element for 
oysters (Boening, 1999). Meanwhile, The shell matrix has a higher capacity for incorporation of these metals than the soft 
tissue (Ballan-Dufrancias et al., 2001;  Lauenstein et al., 2002). Gillikin et al., (2005) were compared the concentration of 
heavy metals between shell and soft tissue of Mercenaria mercenaria  in Carolina. They were found, heavy metals 
concentration in the shell has not changed during 1949 to 2002. They were suggested a little change in metals concentration 
in the shell may be lack of effect of physiological processes.   
 In addition, the increase of Pb in the shell of Oyster may be due to crystalline structure of the shell. The Pb ion is 
then to several times tendency to bind with carbonate ions in the calcareous structure (Babukutty & Chako, 1995). Thus, the 
high concentration of Pb in the shell of oyster may be due to replace of Pb ions in the calcareous structure of the shell.  
Biomonitors organisms accumulate the heavy metals from ambient bioavailable sources of the trace metal over a period 
(Rainbow, 2006). Thus, the accumulated heavy metals in difference tissue of biomonitor organism are a measure of the total 
integrated bioavailability of those metals to that organism at studied area along the previous period (Saed, 2001). Some 
mollusks including oysters are used for biomonitoring programs in marine ecosystems. The oyster S. cucullata like other 
mollusks is suspension feeder and can uptake they heavy metals from suspended sediment (Coles et al., 1997; Caihuan & 
Wang, 2001). This oyster has a wide distribution in the Chabahar coasts and may be a suitable bioindicator organism for 
heavy metals in this area. The correlation between Cu, Pb and Ni concentration in the shell and total shell of oyster S. 
cucullata and those in ambient sediment was studied. The stronger correlation coefficients were found between heavy metals 
concentration in the sediment and total shell. No significant relationship was found between metals concentration except Pb 
in the soft tissue and ambient sediments. The biological control of heavy metals in the soft tissue puts limitation for use of 
soft tissue of oyster for biomonitoring of heavy metals. Thus, the soft tissue of oyster is more suitable as an indicator of Pb 
contamination in this area and the shell of  S. cucullata should be a useful tool for monitoring of all studied metals in the 
study area.  
 Shulkin et al., (2003) were found a significant correlation between Cu, Zn, Pb, Cd and Ni in the soft tissues of both 
mussel (Crenomytilus grayanus),oyster (Crassostrea gigas) and in their ambient sediment. They were suggested these 
mollusks can be use mainly for the monitoring of low and moderate contaminated in Japanian coasts.  
Yap et al., (2002) were studied the correlation between Cd, Cu, Pb and Zn concentration in the soft tissue of P. veridis and 
surface sediment in Malasia coasts. They were found a significant correlation between Pb and Ni in soft tissue and their 
ambient sediment. But, no significant correlation was found for Cu and Ni in this area. In according these results they are 
concluded, the soft tissue of mussel could be a useful tool for Cd and Pb in Malaysia coasts. A significant correlation was 
found for Cu, Zn, Pb, Cd and Ni in soft tissue of mussel (Crenomytilus grayanus), oyster (Crassostrea gigas) and ambient 
sediment in northern coast of the Japan. So the soft tissue of these mollusks was found to be a good tool for these metal 
biomonitoring in this studied area (Shulkin et al., 2003). Szefer et al., (2002) were found a significant relationship between 
Hg, Cd, Pb, Ag, Cu, Pb, Cr, Co, Mg and Fe in the soft tissue and byssus of Metilus edulis and surface sediment in Polish 
coasts in Baltic Sea. They were suggested, the soft tissue and byssus of M. edulis could be suitable for these metals 
biomonitoring in this area.  
 Some heavy metals are necessary for human health. Nevertheless, the concentration exceeding levels considered 
harmful to human consumption. This oyster is edible and human can be eating this oyster. Meanwhile, Heavy metals 
concentration in the soft tissue of oyster were compared with WHO (World Health Organization), FAO (Food and 
Agriculture Organization), ICES (International Council for the Exploration of the Sea), USFAD (the Food and Drug 
Administration) and ISIRI (The Institute of Standards & Industrial Research of Iran) standards for daily consumption (table 
6). According to these results, The Cu concentration was higher than WHO, USFDA and IRISI standards. Ni concentration 
was higher than the FAO, WHO and USFDA. However, Pb was higher only than the FAO standard. Consequently, these 
metals concentration are higher than daily consumption.  
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Conclusion 
 

 This study was showed the pattern of metals accumulation in the soft and hard tissue of S. cucullata is different. The 
difference pattern of metals accumulation in the soft tissue could be related to the biological role of that metal in the body. 
The stronger correlation coefficients were obtained for metals concentration between sediment and shell of oyster. The 
significant correlation and the lower degrees of heavy metals variability in the total shells of S. cucullata suggested, it to be 
generally a more sensitive and precise biomonitoring material for heavy metals than the soft tissues of S. cucullata. Soft 
tissue of S. cucullata for Pb and shell of this oyster was useful tool for biomonitoring of total metals studied Iranian coasts of 
the sea of Oman. According to some available standards, the metals concentration in the soft tissue of oyster was higher than 
daily consumption for human.  
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