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Background: Bivalves have been used to study pollution level caused by heavy metals due to their biological characteristics. Bahrakan 
region includes Bahrakansar, Hendijan, Norouz and Soroush oil fields, and current information regarding sea management, especially 
from the protective aspect is very little.
Objectives: This study aimed to assess region pollution with heavy metals. For this purpose, pollution caused by heavy metals in bivalves 
was assessed and compared with the standard values.
 Materials and Methods: Bivalve sampling was performed using Grab to determine the pollution content with heavy metals of vanadium, 
nickel, lead and copper in five different stations on 15 samples (3 samples for each station) in spring 2013. The digestion process was 
completed using the Yap method, then the concentrations of mentioned metals were measured using the ICP device in each of digested 
samples.
Results: Nickel (13.12 ± 6.07 mg/kg) had the highest total average concentration and the lowest for lead (1.15 ± 0.28 mg/kg). Concentrations of 
nickel, vanadium and lead were higher than the WHO international standards, but much lower for copper regarding the same standards. 
Concentrations of nickel and vanadium were higher than copper compared to FAO, but lower than lead regarding the presented allowable 
limit.
Conclusions: Nickel and vanadium had the highest concentration among other metals. Since these two metals are used as oil pollution 
parameters and the region is rich in oil, it can be concluded that oil pollution is present in the region. The existing oil pollution threatens 
all the living organisms in the area. Therefore, it would be of great importance to examine pollution sources of this region. The results can 
be used to constantly monitor the amount of heavy metals in bivalves of Timoclea imbricate species in this region.
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1. Background
Nowadays, there is severe marine pollution including 

those caused by heavy metals. Reasons of water pollution 
include developing industries, urbanization near coasts, 
ship traffic, collisions, seabed drilling for oil and gas, ag-
ricultural fertilizers and their entering the seas through 
rivers, and urban or industrial wastewaters inflow into 
coastal waters. Heavy metals are especially important 
among various pollutants due to their toxic effects and 
ability to biologically accumulate in different species lead-
ing to biological magnification during their food chain. 
Heavy metals are stable pollutants and not biologically 
decomposable (1). Environmental evaluation and moni-
toring are required to determine the effects of pollutants 
and their concentrations in aquatic environments. The 
content in which aquatic environments are polluted can 
be determined by analyzing water, sediments and organ-

isms (2). In food chain, metals can be transferred to higher 
levels. Pollutants exist in large quantities because of their 
biological accumulation and magnification in the body of 
aquatics. As humankind consume seafood, it is essential 
to know about natural metal quantities or at least their 
constant concentrations in an aquatic environment. This 
helps researchers to determine and evaluate possible met-
al pollution (3). Experimental studies showed that a por-
tion of heavy metals accumulated in soft shellfish tissues 
may be influenced by physiologic processes inside the 
body. Meanwhile, concentration of accumulated metals is 
not too much in some tissues. It seems that they are less 
influenced by physiologic processes of the body. These tis-
sues are more frequently used for biological monitoring 
in any region to achieve more precise results (4). Located 
between 25-30°N latitude and having a short distance to 
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tropic of cancer have caused the coasts of Persian Gulf and 
coastal regions to be predominated by hot weather (5). The 
coastal region temperature varies from 5°C to 52°C. There 
are seven hot summer months and five moderate fall and 
winter months. General climate of the studied coastal re-
gion is severe semi-arid according to Gossen’s method (6). 
Bahrakan region includes Bahrakansar, Hendijan, Norouz 
and Soroush oil fields. Considering the great economic, 
social and natural importance of the region, current infor-
mation about sea management especially from the protec-
tive aspect is very scarce (7, 8). The studied region is a part 
of Bahrakan coasts located northeast of the Persian Gulf. 
This part of the coast is connected to Hendijan through a 
15-km road. Crude oil extracted from five wells in 1973 was 
as much as 8335000 gallons. Bahrakan region is located in 
south of Hendijan. In few recent years, a large quantity of 
oil has been explored in this gulf through drilling subma-
rine wells, and constructing numerous oil rigs. Facilities 
have made it easy for oil tankers to harbor, load and export 
oils abroad and it seems that this oil has a very good capa-
bility (9). Bahrakan coast beds are sandy-muddy and their 
eastern coasts are deeper. Consistency and stability of mud 
beds due to particulate sediments and organic matter den-
sity result in the presence of a large group of organisms 
such as mud crabs and various crustaceans, polychaetes, 
mollusks and oligochaetes in these beds. Despite their nat-
ural richness, mud beds and flats would be more brittle if 
subjected to environmental pollutants. Therefore, it is very 
important to investigate the way pollutants enter the mud 
beds. Numerous studies on bivalves have been conducted 
in different regions. on bivalve Perna viridis in Johore Strait 

and Dadollahi et al. (10) on bivalve Saccostrea cucullata on 
the coasts of Chabahar in both winter and summer. There 
are extensive studies by Oscar Ravera et al. (1934-2001) on 
bivalve Uniopictorum in both Levico and Culdonazzo Lakes 
(9).

Bivalvia are marine mollusca. Although they are mostly 
aquatic, some live in the sea and some in fresh waters. 
Bivalvia do not have radula and feed by passing water 
through and sifting microorganisms in the water. Bival-
via have two parts; right and left shells joined together via 
a ligament. The joint is located on the rear side and used 
by muscles to open and shut the valves. This part is used 
as seafood. Mollusca and bivalvia in particular, can purify 
water by removing oil pollutants, heavy metals, and radio-
active materials using a special sifting mechanism (10). 
Shell is studied in tidewaters for its ecological purifying 
capability to remove lead, nickel, copper, and vanadium.

2. Objectives
This study aimed to determine water pollution of the 

region with heavy metals. For this purpose, pollution 
caused by heavy metals in bivalves was assessed and com-
pared with standard values.

3. Materials and Methods
In spring 2013, bivalve sampling was performed in five 

stations for 15 samples. This was repeated three times for 
each station. Van Veen Grab was used with a cross section 
of 0.025 m2 to examine heavy metal pollutions (Figure 
1). To increase the accuracy in choosing the stations after 

Figure 1. Map of Sampling Stations in Bahrakan Region.
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determining spatial location, geographical location and 
specification of each station were recorded by a GPS de-
vice (Table 1). Then samples obtained from each station 
were marked with attached labels on which specifications 
of the studied stations had been written and were trans-
ferred to the laboratory with a foam containing ice. Dried 
samples (shells) were first milled in the porcelain mor-
tar and passed through a 63-μ sieve, and then about 0.5 g 
shell dried samples were digested by 5 mL nitric acid 69% 
and Perchloric acid 60% with a 3:1 ratio and placed under 
the hood with a crystal cap for 24 hours. After 24 hours, 
samples were first digested in 40°C for 1 hour, then by add-
ing 5 mL diluted nitric acid 10% to clear the samples and 
then in 90°C for 2 hours in steam bath, and the digested 
samples were eventually filtered by Whatman filter papers 
No.1 and got volume by means of a 50 mL volumetric flask 
(11). Concentrations of metals in samples were determined 
using Inductively Coupled Plasma device. Results were il-
lustrated for mg/kg dry matter after unit conversion. Data 
analysis was performed using SPSS software. Kolmogorov-
Smirnov test was used to study normal distribution of 
data. One-way analysis of variance (ANOVA) was used for 
general comparisons and Tukey test for multiple compari-
sons and significant differences with 99% confidence level.

4. Results
The highest nickel absorption by Timoclea imbricata 

species was in station 5 (22.40 ± 0.03), the lowest in sta-
tion 1 (4.63 ± 0.03) and nickel average in all stations was 
(13.12 ± 6.07) mg/kg dry weight (Figure 2). The highest 
vanadium absorption was in station 5 (10.03 ± 0.03), the 
lowest in station 1 (4.96 ± 0.01) and vanadium average in 
all stations was (7.64 ± 1.90) mg/kg dry weight (Figure 3). 
The highest copper absorption was in station 5 (8.00 ± 
0.01), the lowest in station 1 (6.89 ± 0.04) and the average 
copper in all stations was (7.58 ± 0.46) mg/kg dry weight 
(Figure 4). Furthermore, the highest lead absorption was 
in station 5 (1.56 ± 0.03) and the lowest was in station 1 
(0.72 ± 0.02) and the average lead in all stations was (1.15 
± 0.28) mg/kg dry weight (Figure 5). In general, total aver-
age concentration of nickel was the highest (13.12 ± 6.07) 
and the lowest for lead (1.15 ± 0.28). The calculated aver-
age statistical parameters about 15 bivalve samples are 
presented in Table 2.

Table 1.  Geographical Coordination of the Studied Stations Ac-
cording to Degree, Minute, and Second

Station No. North East

1 30 05 19 49 47 12

2 30 05 01 49 46 28

3 30 04 42 49 45 51

4 30 04 26 49 45 13

5 30 04 01 49 44 35
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Figure 2. Nickel Concentration (mg/kg) in Timoclea imbricata Shells in Dif-
ferent Stations
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Figure 3. Vanadium Concentration (mg/kg) in Timoclea imbricata Shells 
in Different Stations
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Figure 4. Copper Concentration (mg/kg) in Timoclea imbricata Shells in 
Different Stations
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Figure 5. Lead Concentration (mg/kg) in Timoclea imbricata Shells in Dif-
ferent Stations

Table 2.  Average Concentrations of Nickel, Vanadium, Copper 
and Lead for mg/kg in Timoclea imbricata Shells for Different Sta-
tions

Element Nickel Vanadium Lead Copper

Station

1 4.63 ± 0.03 4.96 ± 0.01 0.72 ± 0.02 6.89 ± 0.04

2 11.31 ± 0.04 6.22 ± 0.02 1.05 ± 0.02 7.22 ± 0.00

3 11.40 ± 0.01 8.00 ± 0.00 1.17 ± 0.02 7.84 ± 0.01

4 15.85 ± 0.05 8.99 ± 0.01 1.26 ± 0.04 7.95 ± 0.01

5 22.40 ± 0.03 10.03 ± 0.03 1.56 ± 0.03 8.00 ± 0.01

Average 
± SD

13.12 ± 6.07 7.64 ± 1.90 1.15 ± 0.28 7.58 ± 0.46

5. Discussion
Numerous studies on bivalves have been conducted in 

different regions. In a study on bivalve Perna viridis in Jo-
hor Strait, nickel with 1.802 and lead with 1.345 mg/kg dry 
weight, had the highest and lowest metal concentrations 
in the considered species, respectively (12). This study is 
consistent with our findings. In a study on Saccostrea cucul-
lata species by Dadollahi et al. in Chabahar coasts, vanadi-
um had the minimum concentration, and lead and copper 
with the maximum concentrations of 46.15 and 16.67 mg/
kg dry weight in summer and winter, respectively (10). In 
comprehensive studies by Oscar Ravera et al. (1934-2001) on 
bivalve Uniopictorum in both Levico and Culdonazzo lakes, 
it was revealed that copper and vanadium had the highest 
and lowest levels of 12 and 0.34 mg/kg dry weight, respec-
tively. While, the minimum and maximum concentrations 
in the same lake were found for vanadium with 0.32 and 
nickel 9.36 mg/kg dry weight (9). They reported the high 
concentrations of vanadium and nickel in stations already 
polluted by oil hydrocarbons. They stated that pollution 
with both metals was due to oil contaminations caused by 
natural oil leakage and damage to pipelines (13). Our find-
ings are opposite to numerous studies. Concentrations 
of nickel, vanadium and lead were higher than the WHO 

international standards, but lower than the standard lim-
its for copper. Compared to FAO, concentrations of nickel 
and vanadium were higher, but lower for copper and lead 
regarding the standard limits. Average metal concentra-
tions in standards are expressed as mg/kg wet weight; 
however, concentrations obtained in this study were re-
ported as mg/kg dry weight. Therefore, metal concentra-
tions obtained in dry tissues of shellfishes should be con-
verted to concentrations in wet tissues. According to the 
performed calculations, metal concentration of wet wt. 
equals metal concentration for dry wt. multiplied to 0.149 
and a relationship was established between metal concen-
trations in dry and wet weights. The obtained relationship 
in the current study was in agreement with (metal concen-
tration in wet wt. = metal concentration in dry wt. x 0.149) 
what stated by Wright et al. for Crassostrea species. Metal 
concentrations in dry weight could be converted to wet 
weight using the obtained formula (14).

Statistical expression of the obtained results is a suit-
able method to show pollutions in the region. A compari-
son was made between heavy metal content in provided 
samples in spring 2013 and the average statistical param-
eters. Concentration trend of mentioned metals in the 
studied region indicated that nickel, vanadium, copper 
and lead concentrations were the highest, respectively. 
Tukey test showed a significant difference in content of 
all metals in each of the five studied stations (P < 0.05). 
In the study conducted on the species, total average con-
centration in nickel was the highest (13.12 ± 6.07) and the 
lowest for lead (1.15 ± 0.28).

This comparison showed that metals are adjusted be-
cause of intrinsic processes. Apparently, some processes 
are able to transfer unnecessary metals to portions with 
least adverse effects on shellfishes, so that shellfishes 
could survive in the presence of high concentrations in 
different tissues (15).

Significant difference between the contents of measured 
heavy metals in different stations indicated that pollution 
sources in this port are in the form of paint compounds. 
Copper and nickel exist in paint compounds including 
the ones used in ships and vessels. These elements also ex-
ist in urban wastewaters. Therefore, it seems that boat and 
vessel traffics as well as human and industrial wastewater 
discharged into waters of the region contaminated the 
region with copper and lead. In addition, lead also exists 
in vessel and boat gasoline, and due to heavy traffic, high 
level of wastewaters from the traffic enter the region (4, 
16). It is likely that lead presence in shellfish shells can be 
caused by displacement of carbonations by lead ions in 
calcite (lime) compounds available in shells, because this 
metal has multiple times more affinity to carbonate ions 
than calcium ions in ionic state. Furthermore, since cop-
per is an essential element in bivalves and such elements 
have high absorption levels, the presence of copper in bi-
valve shells would be justified.

Presence of nickel and vanadium in the region appears 
to be due to discharge and loading of minerals, oil leak-
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age from oil tankers and precipitations containing oil 
combustion products. Moreover, fishing and boating 
activities release oil compounds into the water. Besides, 
marine currents from other regions entering the coasts 
should be taken into consideration. On the other hand, 
burning fossil fuels, ship manufacturing and its exhaust-
ed fumes, vessel traffics and wastewaters, or oil contami-
nations dispersed across the coasts of the port are other 
reasons for this argument. Presence of oil rigs in which 
oil loading and discharge take place may be another rea-
son for pollution caused by heavy metals in the region. Of 
course, numerous environmental events including the 
greatest oil contamination in the Persian Gulf (the first 
war of Persian Gulf, which caused 11 million gallons of oil 
entering the gulf) should not be neglected on high levels 
of oil pollution.

Regarding the adverse effects of different sources of 
pollution on ecosystem, it is crucial to estimate the pollu-
tion rate. Nickel and vanadium concentrations were the 
highest among other metals based on our findings. Since 
these two metals are seen as oil pollution parameters and 
the region is rich in oil, it can be concluded that oil pol-
lution is widespread in the region as a result of excessive 
amount of such metals. The existing oil pollution threat-
ens all the living organisms in the area.
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