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Abstract 
The water quality of the Persian Gulf is influenced by various industrial and urban discharges. The study 

area is a small linked estuary with the Straits of Hormuz in the Persian Gulf. This study was conducted to 

evaluate anthropogenic assessment, pollution status and potential ecological risk of some heavy metals (Pb, 

Ni, Zn, and Fe) in intertidal surface sediments of a mangrove estuary in the Persian Gulf. Metals 

concentrations were analyzed using an atomic absorption spectrophotometer. The concentration of metals 

(all in µg⁄g, except for Fe in %) were as following: 2-9 Pb; 58.9-94.3 Ni; 111.9-185.6 Zn; 1.4- 2.2 Fe. The 

following contamination indices were also employed: Enrichment Factor (EF), Geoaccumulation Index 

(Igeo), Pollution Load Index (PLI), effective range low (ERL), and effective range medium (ERM). The 

results indicated that Zn and Ni were mainly from anthropogenic discharge, while a significant portion of 

Pb and Fe were likely from natural inputs. Overall, frequent adverse effects were expected for Ni and 

occasional adverse biological effects were expected for Zn. Likewise, for Pb and Fe rare adverse biological 

effects were expected.  Finally, this baseline contamination assessment study will contribute to establishing 

interim sediment quality guideline (ISQGs) for Iran. 
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1. Introduction 

The coastal and estuary zones serve as a source of 

marine sediment and a sink for riverine sediment. 

These zones are usually polluted by different 

contaminants from rapid industrialization, uncontrolled 

urbanization and agricultural activities (Naji et al. 

2010; Hu et al. 2015). Estuaries are highly 

productive and sensitive areas in the marine 

environment, because they play an important role as 

a nursery ground for many commercial fish and 

shrimp species (Monikh et al. 2013).  
Since the onset of the Industrial Revolution started 

in the mid-1800s, the bio-geochemical cycle of 
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inorganic contamination load in the environment has 
been greatly accelerated (Naji and Ismail 2012, 
Phillips et al. 2015). Metals can be introduced into the 
aquatic environment and accumulate in sediments 
through disposal of crustal and anthropogenic sources 
which include discharge of agricultural, municipal, 
residential or industrial waste products (Naji and 
Ismail. 2011a, Tavakoly sany et al. 2013). It is well-
known that trace metals are toxic when their 
concentrations are over certain thresholds, and have 
received worldwide concern due to their significant 
adverse impact on both environment and human health. 
They are resistant to biodegradation and have the 
potential for bioaccumulation and biomagnification, 
which make them pose potential long-term risks for 
human health and ecosystem (Zhang and Gao 2015). 
If huge amounts of trace metals are accumulated in 
living organisms, they will disturb metabolism and 
impact growth and reproduction (Gao et al. 2013). 
Moreover, they can concentrate along the food chain 
and ultimately accumulate in human body (Gao et al. 
2013; Naji and Sohrabi 2015). 

Sediment as a part of the aquatic ecosystem is a 
sink for heavy metals released into an environment 
and provides a record of depositional history due to 
the much longer lifetime of metals in sediment 
(Tomiyasu, 2000; Naji and Ismail 2011b). Sediments 
are not only the effective sink for heavy metals in 
marine and coastal ecosystems, but act as a source of 
metals for aquatic organisms (Gao et al. 2013; Lim and 
Goa 2014; Zhang and Gao 2015). Regular monitoring 
of heavy metal contamination in aquatic ecosystems is 
necessary to ensure that the appropriate control 
measures can be implemented before irreversible 
damage occur (Phillips et al. 2015).  

In terms of pollution, the water quality of the 
Persian Gulf is influenced by various industrial and 
urban outputs as wastewater discharging directly to 
the sea or rivers (Kardovani 1995, Agha et al. 2009). 
Besides pollution inputs through riverine systems 
from adjacent countries (Iran, Iraq, Kuwait, Saudi 
Arabia, and the Emirates, Bahrain, Qatar and Oman), 
the marine ecosystem of the Persian Gulf has been 
exposed to various additional contaminants as a 
consequence of marine accidents and wars in recent 

years. Being located in a major area of petroleum 
resources, extraction of oil, the passage of oil tankers, 
shallow depths, limited circulation, high salinity and 
temperature make additional destructive impacts of 
the pollutants on its marine ecosystem (Agha et al. 
2007). The turnover and flushing time were estimated 
for a range of 3 to 5 years indicating that pollutants 
were likely to reside in the Persian Gulf for a 
considerable time (Sheppard, 1993).  

To our knowledge, most studies have been done in 
the other parts of the Persian Gulf, no results have yet 
been reported based on the bioavailability, level and 
anthropogenic assessment of heavy metals in Khor-e-
Yekshabeh, Persian Gulf. Therfore, this study was 
conducted in Khor-e-Yekshabeh with following 
objectives: (1) to determine the anthropogenic degree 
and sources of Zn, Ni and Pb in surface sediments in 
order to provide preliminary base-line data for control 
of pollution in the khor-e-Yekshabeh and (2) to 
identify the contamination assessment of Zn, Ni and 
Pb using pollution indices and established sediments 
quality guidelines (SQGs). 

2. Materials and Methods  

2.1. Study Area 

The Persian Gulf is characterized by warm and 

saline water and is a shallow sea with average area 

and depth of 240,000 km2 and 35 m, respectively 

(Kardovani, 1995, Agah et al. 2009). The mangrove 

area of Khor-e-Yekshabeh (SGP, 27° 10′ N, 56° 22′ 

E) is located in the Hormozgan province in dry and 

semi-tropical climate in the south of Iran (Figure. 1). 

Khor-e-Yekshabeh is a small linked estuary with the 

Straits of Hormuz in the Persian Gulf. It joins free 

international waters through the Strait of Hormuz. 

The depth of the Persian Gulf decreases from east to 

west with maximum depth of 90 m in the Strait of 

Hormuz. The average seawater temperature of the 

Persian Gulf is 28–30°C and can go up to 35.8°C 

(ROPME, 1999) and the oxygen content vary from 4 

to 7 mg l−1 (Agah et al. 2007). 
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2.4. Quality Control 

To avoid uncertain contamination, all glassware 

were washed, double rinsed with distilled water and left 

in 10% HNO3 for 24 h and all glassware were then 

rinsed twice with double-distilled water and left semi-

closed to dry at room temperature. Certified reference 

material (CRM) (International Atomic Energy Agancy, 

Soil-5, Vienna, Austria) was used to check the quality 

of this method. The analytical results (n=3 for each 

metal) for certified and measured concentration of 

those metals showed satisfactory recovery percentages 

being about 97±2, 96±5, 90±1, and 104±7% for Pb, Ni, 

Zn, and Fe, respectively. Calibration curves for each 

trace element were determined with 1,000 mg.L-1 

(BDH Spectrosol®) stock solution. The reagent and 

procedural blanks were monitored for each fraction 

after five samples during the analysis, as part of the 

quality accuracy programme 

2.5. Sediment Quality Analysis 

2.5.1. Pollution Indices 

A number of calculation methods have been put 

forward for quantifying the degree of metal 

enrichment in sediment (Naji and Ismail 2011a; Naji 

and Ismail 2011b; Udechukwu et al. 2014). Several 

authors (Müller 1969; Tomlinson et al. 1980; 

Abrahim and Parker 2008) have proposed pollution 

impact ranges to convert the calculated numerical 

result into broad descriptive bands of pollution 

ranging from low to high intensities. In this research, 

we discussed on three indices, namely enrichment 

factor (EF), geoaccumulation index (Igeo) and 

Pollution Load Index (PLI) to assess the metal 

pollution in the surface sediment of Khor-e- 

Yekshabeh. The heavy metal EF, Igeo and PLI are 

specific indices for estimation of the anthropogenic 

effect of heavy metals on estuarine and coastal waters 

(Tavakoly Sany et al. 2013; Udechukwu et al. 2014). 

2.5.2. Enrichment Factor (EF)  

EF is a good tool and common approach to 

differentiate the metal source between lithogenic and 

naturally occurring sources (Chen et al. 2007; Amin et 

al. 2009; Zhang et al. 2009; Naji and Ismail 2011a). In 

recent decades, Al and Fe have been widely used as 

normalizing elements to estimate the EF. Several 

comparative arguments exist on the use of Al and Fe 

as normalizing elements (Amin et al. 2009; Zhang et 

al. 2009; Naji and Ismail 2011a; Udechukwu et al. 

2014). However, in the present study, we used Fe to 

compute EF because it is the fourth major element in 

the earth’s crust and most often has no contamination 

concern (Naji and Ismail 2011a). In addition, according 

to Daskalakis and O'Connor (1995) the main 

advantages of using Fe as a normalizer are: (1) Fe is 

associated with fine solid surface; (2) its geochemistry 

reaction under oxic and anoxic conditions are close to 

the other heavy metals in sediment;  (3) its natural 

sediment concentration tends to be uniform; and (4) 

Fe distribution was not related to the other heavy 

metals (Deely and Fergusson 1994). Iron (Fe) has 

been used successfully by several researchers to 

normalize metals contamination in river and coastal 

sediments (Neto et al. 2000; Zhang et al. 2007; Amin 

et al. 2009; Cevik et al. 2009; Naji and Ismail 2011a; 

Naji and Ismail 2012b). The EF values were 

calculated using the following equation: 

EFmetal=  

shale

sample

FecMc

FexMx

)/(

)/(
 

Where Mx is the concentration of metal in the 

examined sample, Fex is the concentration of Fe in the 

examined sample, Mc is the concentration of metal in 

the average shale or undisturbed sediment and Fec is the 

concentration of Fe in the average shale or undisturbed 

sediment.  
In the present study, average shale (Turekian and 

Wedepohl, 1961) was used as background or 
undisturbed value for those metals, because no such 
data were available for the study area. 

The undisturbed sediment values utilized were in 
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µg.g-1, except for Fe in %: 0.30 for Cd, 95 for Zn, 68 
for Ni, 45 for Cu, 20 for Pb, and 4.7 for Fe. The EF 
values were interpreted as described by (Chen et al. 
2007), where EF<1 indicates no enrichment, EF<3 is 
minor enrichment, EF=3-5 is moderate enrichment, 
EF=5-10 is moderately severe enrichment, EF=10-25 is 
severe enrichment, EF=25-50 is very severe 
enrichment and EF>50 is extremely severe 
enrichment. 

2.5.3. Geoaccumulation Index (Igeo) 

Igeo is a common approach to estimating the 

enrichment of metal concentrations above background 

or baseline concentration (Müller, 1969). This 

expression was proposed by in order to calculate metals 

concentration in sediments by comparing current 

concentrations with undisturbed or crustal sediment 

(control) levels. Igeo has classified in relation to 

contamination levels into seven classes, Unpolluted 

(Class 0, Igeo<0), unpolluted to moderately polluted 

(Class 1,0< Igeo<1), moderately polluted (Class2 ,1< 

Igeo<2), moderately to strongly polluted (Class3, 2< 

Igeo<3), strongly polluted (Class4, 3< Igeo<4), strongly to 

very strongly polluted (Class5, 4< Igeo<5) and very 

strongly polluted (Class6, Igeo>5), the highest grade 

reflecting a 100-fold enrichment above baseline values 

(Müller, 1981).  

Igeo was calculated to determine metals 

contamination in sediments of Khore-Yekshabeh. The 

geoaccumulation (Igeo) is expressed by the following 

pattern:  

Igeo=log2 







Bn

Cn

5.1
 

Where Cn is the measured concentration of the 

sediment for metal (n), Bn is the geochemical 

background value of heavy metal (n) and factor 1.5 is 

the possible variations of background data due to 

lithogenic effects. The background values of the heavy 

metals were the same as applied in the enrichment 

factor calculation. 

2.5.4. Pollution Load Index (PLI)  

Pollution load index (PLI) defined by Tomlinson et 
al. (1980) for sediments according to the baseline metal 
concentrations. In this study, we used average shale as 
undisturbed value for those metals in the same way as 
for the computation of the Igeo and EF, because no 
such data was available for the study area. The PLI is 
proposed as a standardized system for detecting 
pollution which permits a comparison of pollution 
levels between different sites and at different times 
(Angulo, 1996). The PLI gives an assessment of the 
overall toxicity status for a sample, and it is the result of 
the contribution of several heavy metals (Wang and 
Qin, 2005). A PLI value of zero suggests absence of 
baseline pollutants, a value of one suggests that only 
baseline levels of pollutants are present, and values 
larger than one would suggest progressive deterioration 
of sediment quality (Tomlinson et al. 1980).  

The PLI was determined for every station as 

following equation: 

PLI=
n CFnCFCF  .......21  

CF metal=
background

metal

C

C

 

Where CF (contamination factor) = concentration 
of metal in sediment sample divided by background 
or undisturbed value of the same metal; n= number 
of CF values. By applying these three calculation 
methods, the degree of metals contamination can be 
estimated in the study area. 

2.6. Statistical analysis 

All statistical analyses were computed using 

Statistical Package for Social Science (SPSS) version 

16. Prior to the statistical analysis, all data were tested 

for basic assumptions of normality and homogeneity 

of the variance inherent in the linear model statistics 

using normal probability plots generated by the 

univariate procedure in SPSS. Pearson’s correlation 

analysis was applied to test the relationship between 

the heavy metals, TOM and grain size. 
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study, we did not concentrate on Fe concentrations. 

We just measured and used Fe as a background level, 

because it is the fourth major element in the earth’s 

crust and most often has no contamination concern 

(Naji and Ismail 2011a). Highest concentration of the 

most of studied metals were found in those Stations 

with high contents of clay and organic matter. The 

average shale as undisturbed sediment values were in 

µg⁄g, except for Fe in %: 95 for Zn, 68 for Ni, 20 for 

Pb, and 4.7 for Fe (Turekian and Wedepohl, 1961). The 

results of this study in comparison with undisturbed 

sediment values showed that concentrations of Zn 

and Ni in the surface sediments in the study area 

were higher than the average shale. Whereas, the 

average concentration of Pb was lower than average 

shale. 

3.3. Contamination Assessment 

In the present study, the world average 

concentrations of the metals for shale (Turekian and 

Wedepohl, 1961) was used as background and 

undisturbed sediments values for those metals in Table 

2. These different background concentration have been 

successfully used in previous studies in different 

locations of the world in order to differentiate the 

metals between lithogenic and naturally occurring 

sources (Pekey, 2006; Chen et al. 2007; Abrahim 

and Parker 2008; Amin et al. 2009; Cevik et al. 

2009; Zhang et al. 2009).  

3.4. Enrichment Factor (EF) 

Table 3 shows the EF values of the studied metals 

with respect to average shale. The result from the 

present investigation showed that EF values of Pb 

were less than one (EF<1) indicated no enrichment. 

Average EF values of Ni showed minor enrichment. 

The average EF values for Zn were <3 suggesting 

that Zn contamination was moderate enrichment in the 

mangrove area. However, in Stations 3 and 1, Zn 

values could be classified as moderately to moderately 

severe enrichment which indicated high anthropogenic 

discharge. Zn had the highest EF values among the 

metals. In contrast, the average EF values of Pb were 

less than the other studied metals. The average EF of 

Zn suggesting that Zn contamination should be of 

major concern in the studied areas. The high 

contamination of the Zn could be related to the local 

point sources and shipping activities in the Straits of 

Hormuz, which is one of the busiest shipping lanes 

in the world (Agah et al., 2009). 
Table 1: Distribution of total concentration of heavy metals (Pb, Ni and Zn µg/g; Fe %) in Khor-e-Yekshabeh mangrove; n=3 

Station Latitude(N) Longitude(E) Pb Ni Zn Fe % 

1 27º  10´ 44 56 º 22´ 45 ̋ 6.25±0.06 78.8±1.04 185.6±4.2 2.0±0.05 

2 27 º 10´ 56 ̋ 56 º 23´ 49 ̋ 9±0.03 78.3±0.6 112.8±1.7 2.1±0.03 

3 27 º 10 ´36 ̋ 56 º 23´ 20 ̋ 2±0.07 58.9±0.6 176.1±2.9 1.4±0.04 

4 27 º 10´ 16 ̋ 56 º 23´ 49 ̋ 7.75±0.02 94.3±0.1 111.9±1.6 2.2±0.02 

Mean - - 6.12 77.63 146.42 1.97 

Max - - 9 94.3 185.6 2.2 

Min - - 2 58.9 111.9 1.4 

Table 2: Background concentrations of studied metals in the calculation of the pollution indices (Values were in µg⁄g, 
except for Fe in %) 

 

Background concentration 
Metal 

Cd Zn Ni Cu Pb Fe References 

World average shale 0.30 95.00 68.00 45.00 20.00 4.60 Turekian and Wedepohl 
(1961) 
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Table 3: Metal enrichment factor (EF) values in surface sediments of Khor-e-Yekshabeh mangrove based on different 
backgrounds 

Station Pb Rate of Enrichment Ni Rate of Enrichment Zn Rate of Enrichment 

1 0.73 no enrichment 2.72 minor enrichment 4.58 moderate enrichment 

2 0.98 no enrichment 2.50 minor enrichment 2.58 minor enrichment 

3 0.31 no enrichment 2.72 minor enrichment 5.83 moderately severe  enrichment 

4 0.81 no enrichment 2.91 minor enrichment 2.45 minor enrichment 

Min 0.31 no enrichment 2.50 minor enrichment 2.45 minor enrichment 

Max 0.98 no enrichment 2.91 minor enrichment 5.83 moderately severe enrichment 

Mean 0.70 no enrichment 2.71 minor enrichment 3.86 moderately enrichment 
Note: EF<1 indicates no enrichment, EF<3 is minor enrichment, EF=3-5 is moderate enrichment, EF=5-10 is moderately severe enrichment, 
EF=10-25 is severe enrichment, EF=25-50 is very severe enrichment and EF>50 is extremely severe enrichment 

 

3.5. Geoaccumulation Index (Igeo) 

The geoaccumulation index (Igeo) of heavy metals 

in this study was based on the average shale (Turekian 

and Wedepohl, 1961). It revealed that 83.3% of the 

elements belonged to Igeo classes 0 (unpolluted) and 

16.7% belonged to Igeo class 1 (unpolluted to 

moderately polluted) (Table 4). Zinc had the highest 

Igeo values and in most stations it was classified as 

unpolluted to moderately polluted (Class 1, 0< Igeo<1). 

In contrast, the Igeo of Pb and Ni in all stations were 

classified to class 0 (Igeo<0) suggesting unpolluted 

state from these metals. None of the trace metals in this 

investigation belonged in the last four classes that is 

strongly polluted (Classes 3, 4, 5 and 6). 

3.6. Pollution Load Index (PLI) 

The PLI values recorded at the Khor-e-Yekshabeh 

estuary stations ranged between 0.54 and 0.89 (Fig 

3). The highest PLI values ranged from 0.86 (Station 

3) to 0.89 (Station 1). Based on the PLI criteria 

distinguished by Tomlinson et al. (1980), there is 

absent of baseline pollutants in the studied area. 

However, the values are close to present of baseline 

pollutant. The main contributors to each PLI are Ni 

and Zn as it is revealed by EFs. According to 

Tomlinson et al. (1980), the PLI value cannot 

provide information on the effect of the combination 

of pollutants, and it can indicate trends over time and 

area. 

Table 4: Metal Geoaccumulation Index (Igeo), its classes of analyzed values and PLI in surface sediments of Khor-e-
Yekshabeh mangrove estuary based on average shale (Turekian and Wedepohl, 1961) 

Station 

 

Igeo    Igeo class PLI 

Pb Ni Zn Pb Ni Zn 

1 -2.25 -0.38 0.38 0 0 1 0.89 

2 -1.74 -0.38 -0.34 0 0 0 0.85 

3 -3.84 -0.79 0.31 0 0 1 0.54 

4 -1.94 -0.10 -0.36 0 0 0 0.86 

Max -1.74 -1.0 0.38 0 0 1 0.89 

Min -3.84 -0.79 -0.31 0 0 0 0.54 

Mean -2.44 -0.41 0.002 0 0 1 0.78 
Note: Unpolluted (Class 0, Igeo<0), unpolluted to moderately polluted (Class 1,0< Igeo<1),  moderately polluted (Class2 ,1< Igeo<2), moderately to strongly 
polluted (Class3, 2< Igeo<3), strongly polluted (Class4, 3< Igeo<4), strongly to very strongly polluted (Class5, 4< Igeo<5) and very strongly polluted (Class6, 
Igeo>5). 
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3.8. Comparison with Sediment Quality Guidelines  

Numerical sediment quality guidelines (SQGs) 

such as effect range low (ERL: lower 10th percentile 

of the effects data) and effect range median (ERM: the 

median, 50th percentile of the effects data) were used 

to design monitoring programs and conduct ecological 

risk assessments in marine and estuarine sediments 

(Long et al. 1995). For chemical concentrations less 

than ERL, rare adverse biological effects were 

expected. For those between ERL and ERM, 

occasional adverse biological effects were expected, 

and for concentrations higher than ERM, frequent 

adverse effects were expected (Long et al. 1995).  

The results of the present study showed that Zn 

was distributed between the <ERL (50%) and ERL-

ERM (50%), whereas 100% of Ni was distributed 

higher than ERL, ERL-ERM and ERM (Table 6). 

Finally, 100% of Pb was distributed in the first 

concentration range (<ERL). Overall, none of the 

metal concentrations in the sediments were as high 

as ERM values. Overall, frequent adverse effects 

were expected for Ni and occasional adverse 

biological effects are expected for Zn at Stations of 1 

and 3 (Fig. 4). 

3.9. Comparison with Literature Values 

Table 6 shows a comparison between the results of 

this study with some other relevant works. The Pb 

concentrations were lower than the entire of mentioned 

study areas. Concentrations of Ni were comparable or 

lower than some reported values, but higher than 

most location from the Klang Estuary of Malaysia 

(Naji and Ismail 2012), Mangrove area of Singapore 

(Bayen et al. 2005), Hong Kong mangrove swamps 

(Tam and Wong 2000), Dumai coast of Indonesia 

(Amin et al. 2009). Zn concentrations were within 

the range found off the Klang estuary of Malaysia 

(Naji and Ismai 2012) and Mangrove area of 

Singapore (Bayen et al. 2005), but lower than in the 

Sungai Puloh, mangrove, Malaysia (Udechukwu et 

al. 2014), and Kaohsiung Harbour, Taiwan (Chen et 

al. 2007). Fe concentrations were comparable or 

even much lower than concentrations reported in 

other geographical areas. 

Table 6: Comparison of Pb, Ni, Zn, and Fe (values were in µg⁄g, except for Fe in %) with surface sediments from 
mangrove, coastal areas and sediment quality guidelines 

Location Zn Ni Pb Fe Reference 

Persian Gulf , United 

Arab Emirates 

- 14.8-109 13.2-49.8 - Shriadah (1999) 

Sungai Puloh, mangrove, Malaysia 291.9-2584 22.8-167.38 35.5-167.38 5.6-8.7 Udechukwu et al. (2014) 

Klang Estuary, Malaysia 43.9-119.5 10.9-14.5 2.6-51.8 - Naji and Ismail (2012) 

Mangrove area of Singapore 51.2-120.3 7.4-11.6 12.3-30.9 - Bayen et al. (2005) 

Mandovy estuary India 19.5-85.5 - 4.5-46.5 2.2-4.9 Alagarsamy (2006) 

Hong Kong mangrove swamps - 2.9 31.2 - Tam and Wong (2000) 

Dumai coast Indonesia 31.4-87.1 7.2-19.9 14.6-84.9 2.1-3.9 Amin et al. (2009) 

Kaoshiung Habour, Taiwan 52-1369 - 9.5-470 - Chen et al. (2007) 

Khor-e-Yekshabeh mangrove, Iran 111.9-185.6 58.9-94.3 2-9 1.4-2.2 Present study 

 ERM 410 51.6 218  Long  et al. (1995) ٭

 ERL 150 20.9 46.7  Long  et al. (1995)٭٭
 ERL: Effective Range Low٭٭ ,ERM: Effective Range Median٭
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contamination routes in the mangrove ecosystem. 

Although, this mangrove area does not require urgent 

attention to mitigate contamination. It is still highly 

recommended that further investigations and on-going 

monitoring should focus on metals contamination to 

assess long term effects of anthropogenic inputs into 

the Khor-e-Yekshabeh mangrove ecosystem. 
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