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Abstract 
The objective of this study was determining the heavy metal contents in sediment along the coastlines 

of Hormuzgan province. Sediment constitutes are important part of aquatic ecosystems. They provide 

habitat for benthic organisms and could be a significant sink as well as a potential source of 

contaminants. Three sources of heavy metals pollution in this area are industry, natural mineralogy of 

soil and oil. The levels of heavy metals (Pb, Cd, Cu, Ni) have been investigated over a 4 season period 

at 9 sites. We collected sediment samples from a depth of 0-10 cm. Heavy metals assessed by the 

atomic absorption spectrophotometer. The results showed Pb, Cd, Cu, Ni concentrations in the 

sediment ranging from 3.00 to 28.00 g/g, 2.96 to 10.11 g/g, 2.60 to 11.27 g/g and 8.03 to 105.30 

g/g, respectively. Seasonal study showed that pollution levels in sediments at spring and summer 

were more than autumn and winter. The heavy metal concentrations lead to the following ranking: Pb> 

Ni> Cu> Cd. Based on Pollution Index (MPI) values, our result indicated that station 9 was polluted 

area and station 2 was unpolluted area. 
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1. Introduction 

Marine pollution is a global environmental 

problem. Different human activities on land, in water 

and air contribute to contamination of seawater 

(Rainbow, 1995; Khoshnood et al., 2010). In the 

seawater, heavy metals appear in two different forms 

including dissolved cations and metal bound to 

suspended organic materials. The second form 

always deposit in the sediment, so that sediment is 

known as the final destination for discharged metals 

into the seawater (Karbassi et al., 2005) Sediment 

contamination constitutes one of the worst 

environmental problems in marine ecosystems, acting 

as sinks and sources of contaminants in aquatic 

systems. Sediments are preferred monitoring tools, 

since contaminant concentrations are orders of 

magnitude higher than in water, and they show less 

variation in time and area, allowing more consistent 

assessment of spatial and temporal contamination 

(Krishna et al., 2011). 

The Persian Gulf is a semi-enclosed formation and 

heavy discharges of the surrounding industries have 

been ongoing for many decades. Other sources of the 

Persian Gulf pollution include residues of invasions 

and bombardments that have been staggering in the 

recent years and are yet to be fully investigated 

(Bastami et al., 2012). The Strait of Hormuz , at the 

narrowest point of the Persian Gulf,, narrows to only 

34 miles wide, with Iran to the north and Oman to the 

south. Despite a steady decrease in petroleum 
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discharges from shipping operations of the Persian 

Gulf, littoral countries during the past 30 years, the 

Persian Gulf represents a stressed ecosystem due to its 

location within the richest oil province in the world 

hosting more than 67% of the world oil reserve 

(Sharifipour et al., 2005). Oil-related activities and 

other development and anthropogenic activities 

contrbute to marine pollution. 

The Persian Gulf is comprised of a relatively 

shallow, semi- enclosed sea with very high evaporation 

rates and poor flushing characteristic. Thus, pollution 

discharges into the sea dilutes disperses more slowly 

than in  open marine ecosystems (Dadolahi et al., 2011; 

Khoshnood et al., 2010). 

Sediment is a habitat and major nutrient source for 

aquatic organism. Accumulation of trace metals 

occur in upper sediment in aquatic environment by 

biological and geochemical mechanisms and become 

toxic to sediment-dwelling organism and fish, 

resulting in death, reduce growth, or in impaired 

reproduction and lower species diversity (Olubunmi 

and Olorunsola. 2010). The presence of high 

concentration of heavy metals in aquatic environment 

could result in metal accumulation by marine 

organism and increase the risk of metal toxicity in 

the people who consume contaminated seafood 

(Demirak et al., 2006). Heavy metals, such as 

Cadmium, Lead, Copper and Nickel, are regarded as 

serious pollutants of aquatic ecosystem because of 

their environmental persistence, toxicity and ability 

to be incorporated into food chains (Nasr et al., 

2006). Sediment is preferable monitoring tool since 

contaminant concentrations are higher in orders of 

magnitude and also are less varied in time and space, 

allowing more consistent assessment of spatial and 

temporal contamination (Liaghati., 2003). 

The aim of this study was to assess the level of 

metal (Cd, Cu, Ni and Pb) concentrations in sediments 

in the north of the Strait of Hormuz examining the 

occurrence and distribution of metals, to explore the 

natural and anthropogenic input of heavy metals and 

to assess the pollution status on the area and to 

highlight relationships among metals. 

2. Material and Methods 

Samplings of sediment were done seasonally from 

November 2007; January, May and July 2008. they 

were collected from intertidal regions at 9 sampling 

sites (Table 1) along the coastline of the Hormuzgan 

Province (northern of the Strait of Hormuz). Samples 

were taken in triplicate from the upper layer (0-5cm) 

by using a small Van Veen grab and placed in acid 

washed plastic bags (Tariq et al., 1993). All sampling 

sites were to cover almost sensitive regions of the 

north side of the Strait of Hormuz 
Table 1. Location of sampling sites  

Sampling Sites Coordinates 

1 27° 11´ 02˝˝ N    56° 19´ 20˝˝ E   

2 27° 10´ 35˝˝ N    56° 16´ 43˝˝ E   

3 27° 10´ 57˝˝ N    56° 18´ 48˝˝ E   

4 27° 10´ 35˝˝ N    56° 16´ 43˝˝ E   

5 27° 10´ 07˝˝ N    56° 15´ 19˝˝ E   

6 26° 33´ 27˝˝ N    54° 53´ 25˝˝ E   

7 26° 32´ 28˝˝ N    54° 52´ 32˝˝ E   

8 26° 32´ 08˝˝ N    54° 51´ 42˝˝ E   

9 26° 31´ 44˝˝ N    54° 51´ 20˝˝ E   

- Analysis - Sediment samples were collected from the 

upper layer (0-5 cm) and placed in pre-cleaned plastic 

bags. Any visible materials or organisms i.e. large 

stones and shells were removed from the samples. 

Samples were stored in ice-chest and immediately 

transferred to laboratory. The coarser sediment 

fractions (> 63 μm) were separated by wet sieving 

with ASTM sieves (Dadolahi et al., 2011). 

After preparation, sediment sample were dried in a 

vacuum oven (Medline, OV-12) at 70° C for 3-4 

days until constant weight, lightly ground in an agate 

for homogenization and prepared for analysis. 

Approximately, 0.2 of dried sample (triplicate samples 

for each sediment location) was extracted overnight 

with 2 ml concentrated nitric acid (HNO3) and 

evaporated until near dryness and no nitrous vapors 

were released. After cooling, 5 ml of an acid mixture 

made of concentrated acids HF: HClO4: HNO3 6:2:3 
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Table 4. Metal concentrations (mean ± S.D) in sediment (μg g-1dry wt) for during four seasons sampling 

Season Site Pb Cd Cu Ni

1 17.2±2.9 3.9±0.8 2.9±0.1 8.0±1.6 

2 18.5±2.5 4.3±0.2 2.8±0.1 9.1±2.5 

3 18.0±3.4 4.0±0.3 2.6±1.8 15.4±2.5 

4 14.9±3.1 7.9±0.3 5.6±0.4 18.1±2.2 

Autumn 2007 5 22.1±1.6 4.1±1.3 2.9±0.2 22.0±2.4 

6 13.0±2.3 4.9±1.8 3.3±0.6 25.0±2.8 

7 22.4±2.2 3.1±0.8 2.9±1.3 11.3±4.0 

8 21.1±1.3 2.9±1.6 3.2±0.8 9.6±3.2 

9 21.0±2.1 7.2±1.9 5.3±0.8 25.9±2.4 

 

1 13.9±4.2 3.5±2.1 2.9±1.2 14.7±1.4 

2 18.0±3.1 3.1±1.8 2.9±2.2 18.1±1.5 

3 13.1±3.6 3.0±1.4 2.8±1.2 11.6±1.8 

4 17.7±2.7 5.2±2.3 6.6±0.6 8.9±2.1 

Winter 2008 5 21.9±4.1 5.2±2.2 2.9±0.8 8.1±2.1 

6 17.9±3.6 5.0±0.3 4.1±2.2 12.9±1.8 

7 22.1±3.1 4.8±1.3 3.0±1.8 24.5±1.8 

8 14.2±1.3 4.8±1.8 3.1±1.6 24.8±2.3 

9 21.0±2.2 4.9±1.3 5.9±1.8 26.0±1.6 

 

1 27.2±4.2 4.6±2.2 5.8±1.3 85.4±4.7 

2 25.2±3.1 7.2±3.1 5.7±0.1 69.0±6.8 

3 22.3±4.2 7.3±1.8 5.8±3.9 67.3±5.2 

4 25.0±2.7 7.0±2.3 8.8±4.1 67.1±3.2 

Spring 2008 5 29.0±2.1 5.0±2.1 7.0±2.1 86.1±4.2 

6 25.0±3.6 7.8±1.5 9.6±2.6 87.0±4.2 

7 27.9±4.3 5.0±1.8 7.8±1.1 105.3±9.2 

8 18.0±3.9 10.1±1.9 7.6±3.1 88.0±6.2 

9 28.0±6.4 7.0±1.2 8.3±1.7 89.0±7.2 

 

1 21.8±3.6 7.8±2.4 5.9±0.4 8.1±1.8 

2 20.9±3.7 7.0±3.3 5.3±2.4 7.4±1.5 

3 21.7±6.8 7.4±1.8 6.9±1.8 15.2±4.8 

4 25.0±4.3 7.4±1.5 10.4±1.5 14.1±4.5 

Summer 2008 5 23.9±5.5 5.0±1.8 7.0±1.3 9.3±2.7 

6 25.1±4.5 5.3±3.5 9.6±2.1 27.1±4.3 

7 26.0±3.3 7.9±2.1 7.7±2.6 25.9±5.5 

8 21.7±2.1 6.0±1.8 5.6±0.4 27.7±1.8 

9 25.0±2.1 7.2±2.1 11.2±2.6 47.0±5.7 
 

The highest (5.6 and 6.6 μg g-1dry wt) and lowest 

(2.6 and 2.8 μg g-1dry wt) Cu values were found at 

sites 4 and 3, during autumn and winter seasons, 

respectively. The maximum and minimum Cu values 

of 9.6 and 5.7 μg g-1 dry wt were recorded at sites 6 

and 2, respectively, during spring season. During 

summer, maximum (11.2 μg g-1dry wt) and minimum 

(5.3 μg g-1dry wt) copper vales observed at sites 9 

and 2, respectively (Table 4). 

In this study, highest (25.9 μg g-1dry wt) and 
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During this study, except Cd, concentrations of 

other metals found in (e.g. Pb) or under (e.g. Cu and 

Ni) natural background levels (Table 6) which implied 

this area to some elements wass not considered as 

polluted area. But continuous discharge of different 

pollutant sources such as municipal waste, oil spill 

and power station plants etc. would lead eventually to 

polluted environment 
Table 6. Background levels of heavy metals in sediments of the 
Persian Gulf (Al-Abdali., 1996). 

Element Range of Metal Concentration (µg g-1 dry wt) 

Pb 15.0-30.0 

Cd 1.2-2.0 

Cu 15.0-30.0 

Ni 70.0-80.0 

Determination and speciation of heavy metal 

pollutions are among primary targets in environmental 

research. Therefore, the analysis of heavy metals in 

sediments enables the detection of pollution 

deteriorating water quality and provides information 

about the “critical sites” of the water system. 

The present study indicated that there were three 

sources of heavy metal pollution in the Strait of 

Hormuz, i.e. industry, natural mineralogy of soils 

and oil, and of them, industrial activities have the 

main effect on this ecosystem (Davari et al., 2010). 

Once heavy metals are discharged into coastal 

waters, are rapidly associated with particulates and 

incorporated in bottom sediments. The accumulation 

of metals from the overlying water to the sediment is 

dependent on a number of external environmental 

factors such as pH, ionic strength, anthropogenic 

input, the type and concentration of organic and 

inorganic ligands and the available surface area for 

adsorption caused by the variation in grain size 

distribution (Boran and Altınok, 2010). 

Two-way ANOVA analysis showed significant 

(p<0.05) relationship between the concentration of 

Cd and Ni in sediments during different seasons at 

all sites. In present research, variations of all metals 

during warm seasons (spring and summer) showed 

significant difference in comparison with cold 

seasons (autumn and winter). This significant 

difference was more observable (p<0.001) in nickel 

and lead in spring. However, comparison of metals 

rates in four various seasons showed the highest 

concentration of copper, lead, nickel and cadmium 

during spring and summer and the lowest in autumn 

and winter. Generally, concentration of metals in 

marine sediments is depended on the equilibrium of 

the concentration of metals between water column 

and sediments. Some physiochemical parameters 

such as, soluble oxygen, temperature, salinity and pH 

are most important factors that cause changes in this 

equilibrium and  increase salinity and pH. Low pH 

values affects dissolving or sedimentation rate of 

heavy metals (Tack et al., 1996). Beside pH, other 

physico-chemical parameters such as suspended 

particles, redox potential sulfides and phosphates, 

chemical interactions, organic substances affect 

heavy metal concentrations in natural waters 

(Levkov and Krstic, 2002). Generally, chloride and 

sulfate ions increase might result in increase in 

salinity that in turn could cause changes in the 

concentration of metals in water and sediments. 

Heavy metals like lead have a high mixing affinity to 

precipitate after connection with those ions. Also 

increasing water pH could cause rapid oxidation of 

iron and manganese leading to an increase in 

concentration of these metals in sediments. Substrate 

of organic and suspended matters in water is another 

effective factors in the concentration of metals in 

sediments (Kamala-Kannan et al., 2008). During spring 

and summer that region faced with decreasing internal 

currents and water supplies that might have caused 

increase of heavy metals in suspended materials and 

organics in comparison with other seasons. 
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