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 Aquatic invertebrates take up and accumulate trace metals whether essential or non-

essential, all of which have the potential to cause toxic effects. Subsequent tissue and 

body concentrations of accumulated trace metals show enormous variability across 

metals and invertebrate taxa. We have different possibilities and tools to assess the 

impact of pollution on marine ecosystems. The ecotoxicological approaches are based 
on the use of biomonitors and biomarkers. samples Pincdata radiate  were collected  on 

December 2013. The soft tissue of Pincdata radiata was analyzed to detect some 

potentially toxic metals as Pb, Cd, Ni with a flame AAS. Higher metal accumulations 
were observed in soft tissues. Positive correlations between Cd, Pb, Ni concentrations 

in sediments and soft tissues of oyster were observed. The correlation between heavy 

metals concentration in soft tissue and sediment improve this idea that soft tissue of 
Pinctada radiata can be considered as a biomonitoring agent for toxic metals 

pollutions. However, continuous monitoring of these and other pollutants in the coastal 

marine ecosystem is advised. 
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INTRODUCTION 

 

 In recent decades, much attention has been paid to the study of both essential and toxic trace element 

contents in foodstuffs, as a result of a growing concern about the health benefits and risks of food consumption 

[20]. Coastal marine ecosystems are vulnerable to adverse impacts from various urban and industrial 

developmental activities, which could facilitate the disposal of several chemical agents, with consequent 

degradation in the water quality causing serious health hazards to the aquatic organisms [29,23,5]. Metal 

pollution of the coastal environmental attract the attention of environmental researchers [37]. The coastal zone 

receives a large amount of metal pollution from coastal towns, industrial dumps and rivers. Pollution by heavy 

metal is serious problem due to their toxicity and their ability to accumulate in the biota [22]. Therefore, a 

determination of metal concentration in organisms should be part of any assessment and monitoring program in 

the coastal zone.  

 Metals such as iron, copper, zinc and manganese, are essential metals since they play an important role in 

biological systems, whereas other metals such as mercury, lead and cadmium are non-essential metals, as they 

are toxic, even in trace amounts. The essential metals can also produce toxic effects when the metal intake is 

excessively elevated [38]. However, like essential metals, nonessential metals are also taken up by fishes and 

bivalves and accumulate in their tissues. Bivalves are known to accumulate metals in their bodies.Since they 

constitute an important human food [25,17,33,40,34], they are potentially an indirect source of metals entering 

the human body, but they may also suffer from a wide range of metabolic, physiological and ecological factors. 

As the concentration of metal increases, the accumulation of metal and its damage effect increase [11,10].  

 Because the metal pollution in aquatic environments can be harmful to human health, it is necessary to 

understand and control the hazard levels of pollution in seafood [9,39]. Therefore to achieve a better estimate of 

bioavailable metal  exposure, it is recommended that  the tissues of the organisms be analyzed for the metals 

[26]  many benthic organisms accumulate trace metal to levels reflecting to the those in the environment. 

Tissues metal concentration can reflect contamination, and molluscs in particular may be good indicator of 

heavy metal [21]. Most studies on marine environment, which have attempted to determine metals in animals, 

have focused on animals nearer the lower end of the food web. This is because these animals can be directly 
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harvested for human or livestock consumption, can serve to transfer metals trophically to carnivores, and can 

modify the speciation, cycling, and transport of metals in marine systems. Lying in the second trophic level in 

the waters’ ecosystem, mollusks have long been known to accumulate essential and non-essential elements in 

aquatic ecosystems [15]. Studies concerning the accumulation and toxic effects of metals in bivalve mollusks 

were mostly focused on mussels in view of their wide geographic distribution, sedentary way of life, filter 

feeding behaviour, convenient size, ease of laboratory experimentation, considerable capacity for accumulation 

of a wide variety of toxic compounds in their tissues as well as high response to pollutants. One fundamental 

assumption and basis of biomonitoring programmes is that the concentration in the bivalves reflects the 

available levels of metals in the ambient environment. Mussels accumulate many chemicals due to their great 

filtration capacity and their contact with sediments, and concentrate metals in soft tissues, and hence serve as 

bioindicators of metal contamination. But, this is of great concern as bivalves that are loaded with harmful 

pollutants enter the food chain on consumption resulting in biomagnifications at higher trophic levels. The 

ability of mollusc to concentrate high amount of heavy metals without any apparent bad effects could make 

these animals very dangerous to their predators [12]. 

 The aim of this study was to find out whether soft tissue of P. Radiata can be used as a biomontiring 

material for metal pollution. This oyster was used to compare metal concentrations (Cd, Pb, Ni) in three stations 

(Nakhiloo, Hendorabi Island, lavan Island) in the international zones of the Persian Gulf. 

 

MATERIALS AND METHODS 

  

 The geographical location of the island where the sample is collected, shown in Table 1. Due to the 

availability of different habitats of pearl oyster on the islands of Lavan and Hendorabi and random starting point 

sampling was started. About 50-55 P. radiata samples of silimalar size were collected in December 2013. 

 
Table 1: Location, number of samples analyzed (N), Shell length (mm) of oysters, and descriptions of sampling Pincdata radiata collected 

from Lavan and Hendorabi Island, Persian Gulf. 

Shell length mean (mm) N Longitude (E) Latitude (N) Location No 

45.4 24 53° 20⁄ 26° 47⁄ Lavan 1 

48.6 24 53° 35⁄ 26° 40⁄ Hendorabi 2 

 

 
 

Fig. 1: Geographical location where sample collected (Lavan, Hendorabi Island). 

 

 After being sampled, the individuals were immediately stored in plastic bags and transported separately to 

the laboratory, where the calcareous shells were removed, and the visceral masses of all specimens were rinsed 

with abundant distilled water to remove sediments or surface debris. Because of the variability in the ability of 

mollusc tissues to accumulate pollutants [6,13], heavy metal contents were analyzed in tissues of P. radiate. The 

samples obtained were thereafter placed, separately, in a  aven at 105°C for 24 hours. A total of 55 ash samples 

were obtained. The metal content of these samples was determined using Atomic absorption flame emission 

spectroscopy (AAS). 

 The laboratory apparatus were acid soaked (nitric acid) before the analysis. After acid soaked, it is rinsed 

thoroughly with tap water and distilled water to ensure any traces of cleaning reagents were removed. Finally, it 

is dried and stored in a clean place. The sediments were kept cool in icebox during the transportation to the 

laboratory [4,24]. The surface sediments air-dried and after homogenization using pestle and mortar, it is passed 

through a 2-mm mesh screen and stored in polyethylene bags based on method used by Romic and Romic for 

further analysis. Before the determination of these heavy metals was conducted, the samples are digested using 

aqua regia digestion. Approximately 2g of each sample digested with 15 mL of aqua-regia  (1: 3 HCl: HNO3) 

for 3-4h at 90oC. After cooling, the digested samples were filtered and kept in plastic bottles before the analysis. 

Radojevic and Bashkin stated that aqua regia has ability to extract all the metals in soil sample and widely used 
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in most of the soil analysis. The samples were then analyzed for heavy metals and base cations using AAS with 

specific flame and wavelength  (Atomic Absorption Spectrometer Model Perkin Elmer4100). 

 All statistical analyses were performed using SPSS version 18 for Windows. One-way ANOVA was carried 

out to assess significant differences between element concentrations in the study area, followed by multiple 

comparisons using the Duncan’s multiple range test. The level of significance was set at P < 0.01 and P < 0.05 

 

Results: 

 Mean concentrations of metals in soft tissue (ST) of oysters are given in Table 2. Applying the t-test (5% 

significant level) for comparing the means of metals in ST of P. radiata collected from two stations indicated 

that in both stations the levels of Cd, Pb, and Ni showed significant differences (P<0.001) Correlations between 

the mean metal levels in ST of P. radiata with respect to elemental levels in sediment are illustrated in Figure 2. 

The significant positive correlation (r=0.80, P<0.01) was observed in Cu levels between the ST of oyster and 

sediments (Figure 2a). The same positive correlation (r=0.98, P<0.01) was found for Pb accumulation between 

ST and sediment (Figure 2b). Also, a significant positive correlation (r =0.94, P<0.01) was observed among Cd 

levels in sediment and soft tissue of oyster (Figure 2c). Figure 2d revealed that Zn in total soft tissues of P. 

radiata was significantly correlated with the total Zn in the sediment (r=0.87, P<0.01). 

 
Table 2: Mean concentrations(μg g-1 dw) of Cd, Pb, Ni in total soft tissue of P. radiate and sediment collected from the 

 Lavan and Hendorabi Island, Persian Gulf. 

Sp. Pincdata radiata 

Stations Cd Pb Ni 

Lavan 0.62 0.09 2.81 

Hendorabi 0.57 0.28 4.52 

sediment 

Lavan 0.60 0.78 0.36 

Hendorabi 5.81 1.15 1.09 

 

Discussion: 

 Heavy metal contamination of the environment is recognized as a serious pollution problem mainly in 

marine aquatic bodies. Variability in metal concentrations of marine organism depends on many factors, both 

environmental and biological. From the results obtained the heavy metal accumulation in Pincdata radiata in 

the present analysis can be presented in descending order as follows Pd>Cd>Ni in all the station in general.  

 Average cadmium contents recorded in the Persian Gulf (between 0.030 ± 0.14 and 0.85 ± 0.18 μg g
-1

) were 

found to be equal with those recorded in Qatari waters  by Al-Madfa et al. [2], those noted in Saudi Arabia (0.66 

μg g
-1

) by Flowler et al., those mentioned in Australia by Peerzada & Dickinson i.e. between 0.25 and 0.78 μg g
-

1
, and those recorded in Akkuya Bay, Içel, Turkey (0.0058 ± 0.00034 μg g

-1
) by Göksu et al. The latter authors 

have also recorded lower average cadmium content in Brachidontes pharaonis in the same study area. Previous 

studies carried out on P. radiata showed higher (extremely higher in some cases) cadmium concentrations, in 

Bahrain, the United Arab Emirates, Oman, and Kuwait in particular. In contrast, the average lead concentrations 

found here in with P. radiata samples (between 0.722 ± 0.0757 and 1.848 ± 0.0711 μg g
-1

) were found to be 

lower than those mentioned for the Qatari coasts (between 1.25 ± 1.01 and 5.59 ± 0.93 μg g
-1

) by Al-Madfa et 

al. [2]. 

 In the present study higher pollution of Nickel and Cadmium were found In Hendorabi. Filter-feeder oyster 

uptake dissolved metals ions in solution or in particular form, via food by filtering large volumes of water each 

day [35]. There are many ways to maintain homeostasis of essential metals and detoxification of nonessential 

metals in bivalves' tissues including binding metals to low-molecular weight proteins, like metallothioneins and 

storing them in lysosomes or metal-containing granules, so that they can accumulate metals in their tissues 

several times higher than their ambient water [28]. The results of the correlation test between heavy metals 

concentration of sediment and soft tissue indicate the high correlation for all metals. Sediments act as sinks for 

toxic metals that enter the coastal areas from anthropogenic sources like industrial and urban run-off; these 

contaminated sediments can be ingested by suspended filter-feeder oysters and become a source of metals 

uptake. Our results are in agreement with Maria-Cervantes et al found significant correlations between Pb in 

soft tissue of H. trunculus and sediment. The similar results have been observed in the soft tissue of S. cucullata 

and sediments. The same results have been reported by Asma mohammad karimi et al. who found significant 

correlations between Pb, Cd levels in total soft tissue of P. radiata. Historically, pearl oysters represented a 

major marine resource in the Persian Gulf countries. Several studies have been conducted to detected heavy 

metal contamination in the pearl oyster, Pincdata radiata in the Persian Gulf. Selected heavy metals were 

determined in the tissue of pearl oyster, P. radiata and the gastropod snail Lunella coronatus collected from 

coastal areas in Kuwait during 1990 and 1994 [7]. The study noted a significant increase in the levels of Cu, Pb 

and Zn in both the oyster and the snail samples in 1994. This was primarily attributed to the contribution of the 

1991 oil spill to the overall load of heavy metals along the Kuwaiti coastline. Levels of selected heavy metals in 

P. radiata collected from two oyster beds in Bahrain were determined by Al-Sayed et al. [3]. This study 
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reported elevated levels of Pb and Cd (1.8–14.0 lg g
_1

 wet weight) and (0.4–3.8 lg g
_1

 wet weight), respectively 

that exceeded the recommended standards of the World Health Organization (WHO). These high levels were 

measured in the oysters collected from an offshore station that is subject to navigational activities. Similarly, 

elevated levels of heavy metals were reported in P.radiata collected from areas that were subject to dredging 

and shipping activities along the Qatari coastline [2]. This study reported high mean concentrations for V (4.14 

± 1.3 lg g
_1

 dry weight), Pb (3.88 ± 1.1 lg g
_1

 dry weight), and Ni (7.08 ± 1.6 lg g
_1

 dry weight) that exceeded 

the international standards. De Mora et al. [16] also found very high concentrations of Zn (4290 lg g
_1

 dry 

weight), V (7.3 lg g
_1

 dry weight), and Pb (3.92 lg g
_1

 dry weight) in pearl oysters near the oil refinery in 

Bahrain. 

 According to the correlations between Ni, Cd, Pb levels in sediments and soft tissue of P. radiata, this 

species can be suggested as a biomonitoring agent for coastal zone of Persian Gulf. The comparison of the soft 

tissue metals concentrations between the two stations showed higher accumulations in Hendorabi island 

samples. The higher mean concentrations of metals Ni (4.52 μg g
-1

) in Hendorabi  samples can be related to ship 

transport activities, and municipal and industrial waste disposal in this area.  

 

Conclusion: 

 In conclusion, the results of this study showed that the high correlation in Ni, Cd, Pb accumulations among 

oyster's soft tissue and sediment supports this idea that the P.radiata soft tissue can be used as a biomonitoring 

agent for these metals in the Persian Gulf area. Using soft tissue as an indicator showed the higher 

concentrations of Ni and Cd in Hendorabi than Lavan Island. The present study lays further emphasis on the 

facts that heavy metals in the coastal waters need to be periodically examined for its impact on the ability of 

marine organisms to survive and reproduce. Evaluation of these bio indicators is necessary prior to the future 

development of industries near the marine environment and for the consumption of humans. This evaluation can 

be monitored as a watch programme and effective steps should be taken up by the government to rectify the 

pollution in these coastal areas. Various species of bivalves molluscs have been recognized as a useful tool for 

monitoring of heavy metals pollution. These organisms accumulate comparatively higher concentrations of 

metals because of their sedentary nature, both from water and sediment.  The success of some Mollusc Bivalves, 

is due to some factors including their wide geographical distribution, abundance, sedentary, tolerance to 

environmental changes, high bioconcentration factors, population stability, and size, adaptability for field, cage 

and laboratory experiments. 
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