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Abstract
Purpose This study aimed to perform a systematic review to analyse the seasonal concentration and ecological risk assessment of
heavy metals (HMs) in seawater and sediment samples collected from the coastline of Jam city in Bushehr, Iran.
Methods A total of 96 sediment and seawater samples were collected from 16 sampling stations during the spring, summer,
autumn, and winter of 2017. Then, the concentrations of Pb, Ni, Cd, Cr, Cu, Zn, and Fe were determined. Finally, the pollution
load index (PLI), ecological risk (Er), and environmental risk (RI) were calculated to assess the HM ecological risk.
Results The results showed that the mean concentrations of HMs were lower than the maximum acceptable concentration by
SQG and NOAA. In addition, the PLI assessed a low pollution load level in the region. The ER and RI results also showed that
the region was at low risk, and the metal risk was classified as Cd > Cu > Pb > Ni > Zn > Cr. In some samples, the mean
concentrations of HM were found to be higher with a statistically significant difference (P˂0.05). The results also showed that
sediments were engaging in a moderate Er by Cd.
Conclusions Generally, the rapid growth of urbanization, as well as industrial and human activities, along this coastline and area
has increased the pollutants dumped into the seawater and sediments. Thus, it is necessary to take regular monitoring programs
and develop better management strategies to minimize the amount of HMs entering into this coastal area.
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Introduction

The coastal areas are located between aquatic and terrestrial
ecosystems that are able to display the outcome of both eco-
systems [1]. Aquatic ecosystems are one of the most important
ones among renewable sources on earth, and all living organ-
isms need this huge resource [2]. Development in cities and
various industries such as mining, agriculture, oil, petrochem-
ical, etc., cause large volumes of sewage and agricultural and
industrial wastewater to increase toxic pollutants such as
heavy metal (HM) in aquatic ecosystems [3, 4].

Among the aquatic ecosystems, the Persian Gulf is one of
the most critical Gulfs in terms of contamination risks [5, 6].
This Gulf is surrounded by eight countries and extensively
influenced by different anthropogenic pressures due to
experiencing rapid developments [7]. Environmental disas-
ters, like enormous oil spill throughout the world in 1991, as
well as oil platforms, petrochemical plants, refineries, move-
ment of oil tankers and various marine transportation, and also
solid waste and wastewater of coastal metropolis make this
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region prone to severe contamination crises. Persian Gulf
coastal sediments have a high absorption power of pollutants
due to the nature of clay, a high electrical load, and a high
capacity of cationic exchange, which can be considered as the
stability of the pollutants [8].

HM has become a global concern because of toxicity and
adverse effects on the environment and human health [9]. The
presence of HMs in the environment can be due to many
natural and human resources [10]. Discharging urban, indus-
trial, agricultural wastewater and solid waste into seawater
sources can be noted as important human resources [11].
Metals such as Cd, Cu, Pb, Fe, and Zn are resistant to biolog-
ical and chemical degradation and because of properties such
as stability, high toxicity in organisms, and adverse effects on
humans are highly interesting for research [12, 13]. Moreover,
these metals are the most dangerous contaminants in the food
chain due to bioaccumulation and bio magnification proper-
ties [14]. However, some elements such as Cu and Zn are
essential in small quantities, but their very high concentrations
can lead to serious danger for living organisms [15].

It is necessary to determine the concentration and assess the
risk posed by them in aquatic ecosystems (i.e., sediments and
seawaters) [7]. In many previous studies, high concentrations
of HM were reported in the sediments of coastal regions
around the world [10, 11, 16]. Sediments are recognized as
the sink and reservoir for HMs accumulation [8, 14, 17, 18].

Therefore, detecting the concentrations of HM in seawater
and sediment samples is one of the effective ways for moni-
toring human interference and the entrance of toxic pollutants
with human origin into marine environments [7]. In addition,
to provide a more holistic view of environmental pollution,
using ecological risk indices such as the potential ecological
risk index of single metal (Er) and the ecological risk of the
environment (RI) can be practical [19–21]. These indices are
based on metal concentration and toxicity in order to deter-
mine the potential risk of seawater pollution in sediments [22].
There are a considerable number of studies regarding the con-
tamination of HM in seawater and coastal sediments.
Rajeshkumar et al. (2018) [23] investigated the seasonal var-
iation of HM in the Meiliang Bay of Taihu Lake in China in
seawater, sediment, fish, and oysters. Based on these results,
contamination caused by Pb and Cr in sediment samples was
moderate to high. Sharifinia et al. (2018) [7] also evaluated the
ecological risk of HMs (Zn, Pb, Cu, and Cd) in surface sedi-
ments of the Persian Gulf and Oman sea. In their area of study,
they reported a moderate or significant ecological risk.
Performing such studies leads to the awareness of HM pollu-
tion state and the reduction of environmental risks.
Considering the importance of the northern coasts of the
Persian Gulf, some studies have been conducted to investigate
the concentration and risk assessment of HM [5, 7, 9], but
time/seasonal variations of metals were not considered.
Therefore, this study was performed with the following aims:

i) determining HMs (Pb, Ni, Cd, Cr, Cu, Zn, and Fe) concen-
tration in seawater and sediment samples of a coastal region of
Bushehr province (Persian Gulf), ii) investigating the seasonal
and spatial variation of metals in the study area, and iii)
assessing the ecological risks caused by the metal in the study
area.

Materials and methods

Study area

Persian Gulf is a shallow seawater basin with an average depth
of 35m and an area of 240,000 km2 [5]. This Gulf is located in
the south of Iran, which is connected to Oman Sea and inter-
national waters by Hormuz strait. The intensity of human ac-
tivities in Persian Gulf is more than usual because there are
huge reserves of gas and oil. It is estimated that annually 20 to
30 thousand oil tankers are transferred through Persian Gulf
which include 30% of the total world’s transportation [5, 8].

The study area is located in a coastal strip with
about18.89 km length in the northern part of Persian Gulf in
Jam city, Bushehr province. The region is extended between
latitude 27, 46, 38˝- 27, 23, 23˝ N and longitude 52, 7, 1.9˝-
52, 34, 45˝ E (Fig. 1). In this study, 16 sampling stations were
selected at the downstream of the important pollutant release
industries.

Sediment sampling

The sampling took place in the four seasons in 2017. In this
regard, a total of 48 sediment samples (each sample triplicates)
were collected using van Vienna grab sampler (20 × 20) from
16 studied stations. The sediment samples were put in an oven
at 100 C for 24 h to dry completely. Then one gram of each
sample was poured into digestion tubes filled with PTFE seal,
and 10 ml of nitric acid (65%) and perchloric acid (67%) in a
ratio of 1:4 were added. The PTFE tubes were put on the
heater at 40 C for one hour, and then, the temperature slowly
increased to 140 C for 3 h. The content of each tube was
passed through Whatman filter paper grade 1 and reached
the total volume of 25 ml with deionized seawater. To control
the quality of analyses, three blank samples were prepared
along with other samples such as the examined samples [24].

Seawater sampling

In each sampling station, seawater samples were collected at
the same time. Therefore, a total of 48 seawater samples from
a depth of 0.5 m in white polyethylene bottles of one litter
volume were collected. Then, 50 ml of each seawater sample
was taken, and 20 ml of concentrated nitric acid was added.
All samples were heated under the hood until they reached the
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total volume of 50 ml. Digested samples were passed through
Whatman filter paper grade No. 42 and then reached the total
volume of 25 ml with deionized seawater [24]. Finally, the
concentrations of Pb, As, Cd, Cr, Cu, Zn, and Fe in sediments
and seawater were determined by Shimadzu Atomic
Absorption Spectrophotometer equipped with a graphite mod-
el (AA-670G). All measurements were repeated three times
for each sample. Furthermore, for the blank samples of sedi-
ments and seawater, this method was used to determine the
concentration of HM.

Risk assessment methods

Pollution load index

To assess the risks of HM in sediments at different seasons and
studied stations, Pollution Load Index (PLI) was applied. PLI
was originally suggested by Tomlinson et al. (1980) [25] to
assess the overall risk of all HMs. This index is expressed as
follow (Eq. 1 and 2):

CF ¼ Ci

Cb
ð1Þ

PLI ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

CFFe � CFHg � CFcd � CFPb � CFCr � CFZn � CFCu � CFNi7
p

ð2Þ

where, for seven metals (Pb, Ni, Cd, Cr, Cu, Zn, and Fe),
CF is the contamination factor and Ci and Cb are the concen-
tration of individual HM in the sediment sample and back-
ground, respectively. The classifications of the results obtain-
ed from PLI are presented in Table 1.

Ecological risk index

Hakanson (1980) [26] introduced the potential ecological
risk index (Er) in order to assess the risk of metals in sed-
iments. In order to use the Hakanson ecological risk index
(RI), Er of each HM would be calculated. Based on
Hakanson (1980) [26] approach, the toxic response factors

are Cu = Ni = Pb = 5, Cr = 2, Cd = 30, and Zn = 1 [22]. RI is
expressed as follows:

Ei
r ¼

Ci

Ci
0

� Ti
r ð3Þ

RI ¼ ∑
7

i¼1
Ei
r ð4Þ

where Ei
r is the potential ecological risk index and Ci and

Ci
o are the measured and background value of the specific

metal concentrations in the sediment. Ti
r is the metal’s toxic

response factor. The following Er and RI values and their
effect categorization are shown in Table 1.

Statistical analysis

The normality distribution of data was tested by Shapiro-Wilk
test. ANOVA (analysis of variance) test with a 95% confi-
dence level (p = 0.05) was used to compare the average data
of each section and detect any significant difference of means
in different seasons. For statistical analysis and graph drawing,
Microsoft Excel 2010 and the Social Sciences Statistical
Package (SPSS) version 21 were used.

Results

HM concentrations

The average concentrations of HMs in sediment and seawater
samples are shown in Table 2. The average concentrations of
heavy metals in the analyzed sediment and seawater samples
were ranked as: Cu > Fe > Zn > Cr > Ni > Pb > Cd and Fe >
Pb > Zn > Ni > Cu > Cr > Cd, respectively (Table 2). The con-
centrations of Fe, Zn, Cu, Ni, Cr, Pb, and Cd in the sediment
samples were 59.84 ± 1.86, 47.99 ± 1.35, 29.62 ± 2.03, 20.13
± 0.89, 18.89 ± 1.11, 9.51 ± 0.73, and 0.53 ± 0.04 mg/kg, re-
spectively, whereas the concentrations in seawater samples
were 9.05 ± 1.04, 8.01 ± 1.27, 7.09 ± 1.13, 6.26 ± 0.7, 4.32 ±
0.73, 3.44 ± 0.45, and 0.065 ± 0.03 mg/l, respectively.

Fig. 1 Location of the study area
and sampling stations in the
Persian Gulf, Bushehr Province
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Spatial variation of HM concentrations

Figures 2 and 3 show the general trend of seawater and sedi-
ment HM concentrations in the study area. The results showed
that there is an almost regular change in the seawater samples.
The increasing trend of heavy metal contamination loads was
reported from stations 1 to 9 (except for station 4 which
disrupted the trend). On the other hand, a decrease in the trend
of HM contamination load was reported from stations 9 to 16
(Fig. 2). Among the studied seawater samples, stations 4 and 9
had the lowest and highest HM contamination loads, respec-
tively (Fig. 2).

The results showed that there is an almost regular change in
seawater samples in such a way that pollution increases from
station 3 to station 4 and from station 9 to station 10, and then,
decreases (Fig. 2). According to Fig. 3, there was an irregular
trend in HM concentrations between the studied stations.
Stations 9, 6, 12, and 5 had the highest HM contamination
among the studied stations, and the lowest contamination was
measured at stations 10, 16, and 4 (Fig. 3). As observed in the
water samples, station 9 had the highest load of HM contam-
ination in the sediment samples. This station had the maxi-
mum levels of Cr, Pb, and Cd with concentrations of 20.0,
10.1, and 0.57 mg/kg, respectively (Fig. 3).

Seasonal variations of HM concentrations

Table 3 shows the seawater HM concentration range (mini-
mum and maximum) during various seasons. All maximum
and minimum seawater HM concentrations were detected in
winter and spring, respectively. According to the table, the
concentration ranges (minimum and maximum) of Zn, Cu,
Ni, Pb, Cd, Cr, and Fe were 5.37 ± 0.75 and 11.05 ± 1.15,
2.62 ± 0.90 and 8.795 ± 0.662, 1.27 ± 0.005 and 7.99 ± 0.23,
4.53 ± 0.94 and 8.792 ± 1.127, 0.065 ± 0.027 and 0.395 ±
0.051, 1.88 ± 0.17 and 5.562 ± 0.684, and 3.65 ± 1.18 and

10.997 ± 1.64 mg/l, respectively. In Fig. 4, seasonal varia-
tions of each HM concentration were compared by using
one-way ANOVA. Significant seasonal differences were
found among each metal concentration in different seasons
(P < 0.05) (Fig. 4).

Table 4 demonstrated the HM concentration range (mini-
mum and maximum) in surface sediment samples during the
four seasons. The results revealed that for all HMs, the max-
imum and minimum mean concentrations were detected in
winter and spring, respectively. By using one-way ANOVA,
the seasonal variations among concentrations of each HM
were compared (Fig. 5). Significant seasonal differences were
found among each metal concentration in different seasons
(P < 0.05).

According to the results, there is a significant difference (P
< 0.05) among the average concentration of Ni in sediment
samples of different seasons (Fig. 5). The highest average
concentration of Ni in winter, autumn, summer, and spring
was 22.98 ± 0.85, 21.67 ± 0.79, 19.63 ± 0.28, and 16.24 ±
1.65 mg/kg on a dry weight (DW) basis, respectively
(Table 4). Among the studied metals, Cd had the lowest aver-
age concentration.

Furthermore, there was a significant difference (at 95%
confidence level) among the average concentrations of Cd in
sediment samples during different seasons (Fig. 5). The
highest average of Cd concentration in winter, autumn, sum-
mer, and spring was 0.72 ± 0.068, 0.58 ± 0.026, 0.55 ± 0.014,
and 0.28 ± 0.068 mg/kg-DW, respectively. Cr concentrations
in sediment samples collected in different seasons have shown
that the variation ranges of their concentrations were mea-
sured between 13.066 ± 0.13 and 23.12 ± 0.41 in spring and
winter, respectively (at 95% confidence level). Its highest con-
centration in sediment samples can be ranked as winter, au-
tumn, summer, and spring (Table 3).

The findings showed that there is not a significant differ-
ence for Zn between summer and autumn, but this difference

Table 1 Standard degree of ecological risk assessment indices (PLI, Ei
r, and RI)

Ecological risk of environment RI Ecological risk for heavy metal Ei
r (PLI) Risk outcomes degrees of PLI

Low Risk 150 ≥ RI Low Risk 40≥Ei
r PLI = 0 Non-Pollution

Moderate Risk 150 ≥ RI ≥ 300 Moderate Risk 40≤Ei
r ≥80 0 < PLI ≤ 1 Non to Moderate Pollution

Considerable Risk 300 ≥ RI ≥ 600 Considerable Risk 80≤Ei
r ≥160 1 < PLI ≤ 2 Moderate Pollution

Significantly High Risk RI ≤ 600 High Risk 160≤Ei
r ≥320 2 < PLI ≤ 3 Moderate to High Pollution

– – Very High Risk Ei
r ≤ 320 3 < PLI ≤ 4 High Pollution

Table 2 Average concentrations of HMs in the seawater and sediment samples

Zn Samples Fe Cr Ni Cd Pb Cu Zn

1.35 ± 47.99 Sediment (mg/kg) 1.86 ± 59.84 1.11 ± 18.89 0.89 ± 20.13 0.04 ± 0.53 0.73 ± 9.51 2.03 ± 29.62 1.35 ± 47.99

1.04 ± 9.05 Seawater (mg/l) 1.27 ± 8.01 0.45 ± 3.44 0.73 ± 4.32 0.03 ± 0.065 1.13 ± 7.09 0.7 ± 6.26 1.04 ± 9.05
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is significant among other seasons (Fig. 5). The highest aver-
age of the concentration of Zn was measured as 39.82 ± 2.93,
48.49 ± 0.69, 50.19 ± 0.77, and 53.563 ± 1.035 mg/kg -DW
for winter, autumn, summer, and spring, respectively.

Seasonal correlation of HM concentration

Correlation coefficients among HM concentrations in seawa-
ter and sediment samples at various seasons are shown in
Table 5. There was a significant positive correlation for Fe
and Cr (P < 0.05) in coastal sediments and seawater in spring,
autumn, and winter. The findings showed that no significant
correlation was observed for Zn and Cd, between their con-
centration in seawater and sediment samples in various sea-
sons (Table 5).

Ecological risk assessment of heavy metals

In order to obtain a better understanding of coastal sediment
pollution status, the ecological risks and pollution load index
were evaluated for HMs (Cr, Pb, Cd, Cu, Zn, Ni, and Fe)
based on an approach by Hakanson (1980) [26] and
Tomlinson et al. (1980) [25]. Table 5 shows the pollution load
and ecological risk of these metals in sediment samples. The
results indicated that Er and RI values for all metals (Cr, Pb,
Cd, Cu, Zn, Ni) in all seasons were lower than 40 and 150,
receptivity. RI of metals from 16 stations was ranged as
26.086–41.371, 47.969–53.338, 51.373–58.606, and
58.632–74.835 in spring, summer, autumn, and winter, re-
spectively. For all sampling stations, this index was lower than
150 (Table 6). The value of the pollution load index in all 16

sampling stations is lower than 1, indicating that these stations
bear low pollution load in the study area (Table 6).

Discussion

HM concentrations

The results indicate that HMs pollution in the study area was
slightly high, which is due to extensive human activities such as
widespread industrial activities, transportation, discharge of
wastewater and urban run-off, petrochemical effluent, and oil
spills from boats and ships [27]. In Table 7, HMs contents of
sediments in the Persian Gulf (this study) were compared with
other studies. The Pb, Zn, Cd, and Cu contents in the Persian
Gulf sediments (Jam coastal area) were lower than the Northern
part of the Persian Gulf [31]. On the other hand, the concentra-
tions of Pb and Cu were higher than those in Imam Khomeini
Port sediments (Persian Gulf) [5]. The Cr concentrations in this
study were lower than the Oman Sea and the Caspian Sea [28,
30]. The Ni and Fe concentrations were lower than those in the
Black Sea and ImamKhomeini Port of Persian Gulf [5, 35]. The
average concentration of studied metals in seawater was within
the range of measured contents in a similar study in other coastal
seawater of the world. For example, the concentrations of Pb and
Cd of the Persian Gulf (Jam coastal area) were lower than Taihu
Lake in China, and the concentrations of Cu and Cr in the
Persian Gulf (Jam coastal area) were higher than those in Taihu
Lake in China [23]. According to previous researches, the con-
centration of metal pollution varies in coastal areas around the
world [22].

7.0 7.4 7.5 6.7 7.2 7.6 8.1 8.8 9.4 8.9 8.5 8.6 8.7 8.1 8.2 7.7

3.5 3.6 3.7 3.7 3.9 4.2 4.4 4.4 4.9 4.4 4.3 4.1 4.0 3.9 3.7 3.5
3.1 3.2 3.8 3.6 3.8 4.3 4.5 4.9 5.3 5.2 5.1 4.8 4.6 4.5 4.3 4.1
5.4 5.7 6.3 5.9 6.7 7.0 7.2 7.8

8.2 8.2 8.5 8.0 7.7 7.6 7.1 6.8
5.6 6.2 6.3

5.8
6.1

6.3 6.6
6.6

6.8 6.6 6.6 6.5 6.3 6.1 5.9 5.8
7.8 7.8

8.2
7.7

9.1 8.8 8.7
9.6

10.1 10.3 9.6 9.7 9.6 9.5 9.4 9.40.2 0.2
0.2

0.2
0.2 0.2 0.2

0.2
0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2

0

5

10

15

20

25

30

35

40

45

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

m
g/

l

Station code

Cd

Zn

Cu

Pb

Ni

Cr

Fe

Fig. 2 Overall mean of heavy
metal concentrations in seawater
samples of the studied stations

58.8 56.1 58.7 53.2 59.5 60.5 48.4 56.4 60.0
28.5

57.0 60.7 55.0 53.6 58.8
31.4

18.2 17.6 18.2 16.8
18.7 19.3

17.3
18.5 20.0

16.5

18.7 19.6 17.6 17.5 16.6

17.6

19.9 18.8 19.8
17.6

20.0 21.3
18.7

19.9 21.0

16.8

19.9 20.5
18.0 17.9 18.5

16.1

8.9 8.8 9.5
7.3

9.7 9.8
8.0

8.9 10.1

7.4

9.1 9.3
8.3 8.2 9.0

7.0

28.5 28.5 28.5
26.1

29.7 29.4

27.3
26.5

30.3

26.1

29.5 29.5
28.7 28.7

33.9

26.5

48.6 45.4 47.8
46.5

49.6 48.0

44.0
46.7

48.6

39.3

44.6
47.7

44.3 43.3
44.8

38.6

0.53
0.50

0.53
0.43

0.54 0.55

0.44
0.47

0.57

0.28

0.48
0.52

0.41 0.42
0.46

0.27

0

20

40

60

80

100

120

140

160

180

200

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

m
g/

kg

Station code

Cd

Zn

Cu

Pb

Ni

Cr

Fe

Fig. 3 Overall mean of heavy
metal concentrations in sediment
samples of the studied stations

J Environ Health Sci Engineer (2020) 18:91–105 95



Table 3 Statistical description of
seawater HM concentrations (mg/
l) in different seasons with the
relevant station code

Spring Summer Autumn Winter

Zn Min 3.99 ± 0.10 7.45 ± 0.72 8.34 ± 0.35 9.12 ± 0.27

Station code 4 1 1 1

Max 6.65 ± 0.19 10.34 ± 0.82 12.38 ± 0.44 12.68 ± 0.26

Station code 3 13 9 9

Mean ± Standard Error 5.37 ± 0.76 9.27 ± 0.99 10.57 ± 1.26 11.005 ± 1.15

Cu Min 1.77 ± 0.03 4.95 ± 0.51 6.19 ± 1.02 7.82 ± 0.55

Station code 4 1 1 1

Max 4.94 ± 0.22 5.86 ± 0.21 9.56 ± 0.47 9.87 ± 0.36

Station code 3 16 9 9

Mean ± Standard Error 2.63 ± 0.91 5.51 ± 0.27 8.11 ± 0.98 8.79 ± 0.66

Pb Min 1.97 ± 0.19 4.26 ± 0.67 6.38 ± 0.31 6.57 ± 0.25

Station code 4 1 1 1

Max 6.11 ± 0.21 8.66 ± 0.06 9.83 ± 0.22 10.18 ± 0.56

Station code 11 10 9 10

Mean ± Standard Error 4.53 ± 0.94 6.84 ± 1.41 8.22 ± 1.05 8.79 ± 1.13

Cd Min 0.02 ± 0.002 0.10 ± 0.002 0.24 ± 0.003 0.27 ± 0.002

Station code 4 1 1 1

Max 0.09 ± 0.002 0.15 ± 0.001 0.42 ± 0.004 0.44 ± 0.001

Station code 15 16 9 9

Mean ± Standard Error 0.065 ± 0.027 0.13 ± 0.02 0.32 ± 0.06 0.36 ± 0.05

Ni Min 1.27 ± 0.05 2.06 ± 0.10 3.57 ± 0.22 4.75 ± 0.32

Station code 4 1 2 1

Max 2.65 ± 0.04 3.51 ± 0.01 7.38 ± 0.25 7.99 ± 0.23

Station code 9 15 9 10

Mean ± Standard Error 2.11 ± 0.33 3.03 ± 0.43 5.75 ± 1.22 6.39 ± 0.95

Cr Min 1.43 ± 0.05 2.34 ± 0.23 3.44 ± 0.15 5.64 ± 0.23

Station code 4 1 16 16

Max 2.13 ± 0.01 3.09 ± 0.31 5.95 ± 0.18 8.78 ± 0.22

Station code 15 14 9 9

Mean ± Standard Error 1.88 ± 0.18 2.75 ± 0.26 4.56 ± 0.68 6.56 ± 0.68

Fe Min 1.988 ± 0.054 6.117 ± 0.431 7.48 ± 0.21 8.35 ± 0.33

Station code 4 16 1 1

Max 5.979 ± 0.414 7.593 ± 0.233 13.04 ± 0.25 13.99 ± 0.27

Station code 2 15 9 9

Mean ± Standard Error 3.563 ± 1.185 7.023 ± 0.451 10.51 ± 1.83 10.98 ± 1.64
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The average concentrations of Pb, Ni, Cd, Cr, Cu, Zn, and
Fe in the sediments of Jam beaches were 9.51 ± 1.92, 20.13 ±
2.67, 0.53 ± 0.165, 18.89 ± 2.45, 35.3 ± 29.61, 48.83 ± 5.45,
59.84 ± 17.7 (mg/kg –DW), respectively. Compared to the
results obtained from other areas, the type of metal and the
locations are different. However, the comparison should be
made carefully since there are differences in physico-
chemical properties or parameters between their concentra-
tions at different locations and time [36, 37]. The concentra-
tions of HMs in this study were in the same range as other
studies in the Persian Gulf (Table 7).

Abdollah et al. (2013) [5] have found the average concentra-
tion of Pb in the sediments ofwest north of PersianGulf in Emam

Khomeini port to be about 6.52 mg/kg which is less than the
concentration in our study (9.51 mg/kg). This is because of the
rivers flowing into the sea and the rate of human activities across
different places. The environment of Jam beaches is affected by
risks caused by human activities due to the pollution increase and
the expansion of industrial activities related to oil, petrochemical,
fishing, and tourism industry. This issue needs continuous mon-
itoring of pollutants and proper scientific research.

Spatial variation of HM concentrations

The evaluation of metal concentration in seawater and sedi-
ments at different stations showed the highest concentration of

Table 4 Statistical descriptive of
sediment HM concentrations
(mg/kg) in different seasons with
the relevant station code

Spring Summer Autumn Winter

Zn Min 34.75 ± 0.18 46.35 ± 0.25 49.34 ± 0.32 52.43 ± 0.54

Station code 11 1 1 1

Max 46.09 ± 0.23 49.99 ± 0.01 51.83 ± 0.53 55.28 ± 0.43

Station code 5 13 9 9

Mean ± Standard Error 39.82 ± 2.93 48.49 ± 0.69 50.19 ± 0.77 53.56 ± 1.03

Cu Min 18.74 ± 0.16 22.40 ± 0.14 29.76 ± 0.23 30.67 ± 0.34

Station code 4 8 1 1

Max 34.91 ± 0.12 36.34 ± 0.11 32.98 ± 0.24 33.92 ± 0.37

Station code 15 15 9 2

Mean ± Standard Error 26.16 ± 3.16 29.02 ± 2.78 31.23 ± 1.04 32.08 ± 1.14

Pb Min 3.49 ± 0.13 7.63 ± 0.07 9.23 ± 0.32 10.97 ± 0.38

Station code 4 1 1 12

Max 8.15 ± 0.09 9.72 ± 0.9 10.96 ± 0.35 13.45 ± 0.28

Station code 2 15 9 9

Mean ± Standard Error 6.77 ± 0.99 9.09 ± 0.57 10.02 ± 0.49 12.18 ± 0.89

Cd Min 0.14 ± 0.003 0.51 ± 0.002 0.54 ± 0.003 0.62 ± 0.004

Station code 4 1 1 1

Max 0.43 ± 0.005 0.56 ± 0.002 0.62 ± 0.004 0.81 ± 0.006

Station cod 1 13 9 9

Mean ± Standard Error 0.28 ± 0.07 0.55 ± 0.02 0.58 ± 0.03 0.72 ± 0.07

Ni Min 11.71 ± 0.12 19.12 ± 0.08 20.19 ± 0.62 21.97 ± 0.38

Station code 4 2 15 1

Max 19.95 ± 0.35 20.01 ± 0.07 22.89 ± 0.47 24.21 ± 0.65

Station code 6 13 9 9

Mean ± Standard Error 16.24 ± 1.65 19.63 ± 0.28 21.67 ± 0.79 22.98 ± 0.85

Cr Min 13.06 ± 0.13 13.31 ± 0.47 18.98 ± 0.14 20.43 ± 0.61

Station code 4 15 2 1

Max 17.55 ± 0.14 19.34 ± 0.09 21.94 ± 0.45 23.12 ± 0.41

Station code 16 13 9 9

Mean ± Standard Error 15.78 ± 0.93 17.74 ± 1.49 20.32 ± 0.98 21.74 ± 1.03

Fe Min 24.42 ± 0.18 66.04 ± 0.31 67.43 ± 0.24 67.79 ± 0.33

Station code 4 1 1 3

Max 38.71 ± 0.07 72.07 ± 0.63 69.76 ± 0.24 71.74 ± 0.32

Station code 13 15 9 9

Mean ± Standard Error 32.17 ± 3.43 68.74 ± 2.16 68.63 ± 0.70 69.81 ± 1.15
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Fe, Cu, Cr, and Ni at station 9, for lead in station 11, and for
Cd and Zn in station 10. This means that the highest concen-
tration of HMs is related to stations 9, 10, and 11.

As Fig. 1 shows, these sampling stations are located near
residential areas and gas and oil industries, and the untreated
sewage of these areas is discharged into the coastal waters.
This subject can increase the concentration of a manifold of
pollutants in the stations. Furthermore, according to Fig. 1, the
most important oil and gas industries such as Kangan gas
refinery phases 1, 9, and 10; south Pars refinery phases 2, 3,
4, and 5; and Jam petroleum companies (Mobin, Borzouyeh,
Zagros, Pardis, and Aria Sammon) are located within a radius
of 3 km of coastline, at the upstream of stations 9, 10, and 11.
Thus, the high concentrations of metals in the stations in com-
parison to other sites could be due to their location in the
vicinity and downstream of various industrial and petrochem-
ical estates and the entrance of their untreated wastewater into
the coastal area.

Seasonal variations of HM concentrations

Seawater variations

There was a significant difference (P < 0.05) among the con-
centrations of each metal in different seasons (Fig. 4). The

highest metal concentrations in seawater samples were obtain-
ed during the rainy season (winter). One of the most important
reasons for this subject is the entrance of a large amount of
urban run-off and sewage, especially in winter, into the rivers
and coasts around the sampling sites. The rivers leading to
Jam beach mainly include Jam river and Mond that transport
sediments and pollutants from industrial, agricultural, and ur-
ban areas. The increase in the rainfall in winter transports a
greater volume of sediments and a large amount of pollutants
from overland to rivers and then the deposits in the sea [3].
The concentration of metals in seawater varied seasonally. In
the present study, the observed metal concentration increases
in seawater during the rainy season showed a very close sim-
ilarity with other reported studies such as Radakovitch et al.
(2008) [38] and Sharma et al. (2018) [39]. The lower concen-
tration of HMs during the summer may be due to the dilution
effect of the seawater [40, 41] where the winter season was
longer than the summer season. In addition, the higher con-
centration of metals during the rainy season might be due to
the perturbation of sea bed by the longshore current, upwell-
ing phenomenon, and waves that could increase metals con-
centration in seawater and sediment [38].

In winter and at station 10, the highest concentration of Pb
was found. The issue could be due to its location around and in
the downstream of the Jam petroleum company’s industrial
estates and South Pars refinery phases 2, 3, 4, and 5. The other
reasons might be the urban run-off and effluent discharge from
paint industries. Domestic wastewater discharge without prior
treatment is also responsible for the station’s high Pb level.
Virha et al. (2011) [4] have measured the highest level of Pb
concentration in winter in Bhopal Lake which is in agreement
with the findings of this research.

In the seawater samples, the highest concentration of Cr
was found in winter at station 9. This is probably due to the
occurrence of intense idol immersion phenomenon.
Generally, in analysed seawater samples, Cr concentration
was found to be higher than the acceptable limit (i.e.,
0.05 mg/l). The same results were obtained in the study.
One of the most important reasons for this is the introduc-
tion of a large amount of industrial wastewater and metal
waste from the factories’ doors and windows and car repair
shops to the coastal waters [41].
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Table 5 Correlation among the concentration of heavy metals in
seawater and sediment samples of each season using the Pearson test

Heavy metals Spring Summer Autumn Winter

Fe 0.289** 0.201 0.894** 0.798*

Cr 0.658** 0.167 0.783** 0.864**

Ni 0.712** 0.26 0.343 0.828**

Cd 0.234 0.69 0.405 0.573

Pb 0.672** 0.100 0.728** 0.189

Cu 0.004 0.283 0.610** 0.684**

Zn 0.313 0.46 0.163 −0.018

**A significant correlation between seawater and sediment samples at a
99% confidence level

*A significant correlation between seawater and sediment samples at a
95% confidence level
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Cd is a toxic metal with no documented biological signif-
icance and creates chronic toxicity even at low concentrations
in living creatures [38]. Among the metals, the concentration
of Cd is in the least, and its variation range is limited. The
results showed that there is a significant difference between
the concentrations of Cd in seawater samples in various sea-
sons. The maximum and minimum concentration was ob-
served in spring and winter as 0.44 ± 0.001 and 0.02 ± 0.002
(mg/l), respectively, that is because of entering run-off and
transporting sediments containing this metal to the sea
(Table 3). Fluctuation in flows to the sea, rainfall, water drain-
age, and run-off are the most important reasons for changes in
the concentration of Cd in seawater [40].

Cu concentration of coastal water varied during differ-
ent seasons (0.357 ± 9.87 and 1.76 ± 0.031 mg/l). The re-
sults showed that there is a significant difference between
the measured values in spring and winter (P < 0.05), while
the difference between summer and autumn is not signifi-
cant. Cu exists in ships and buoys structure as well as
domestic and municipal wastewater [42–44]. The highest
concentrations of Cu were measured as 76.1 ± 0.031 and
9.87 ± 0.357 mg/l in winter and spring, respectively
(Table 3). Virha et al. (2011) measured the highest concen-
tration of Cu in summer, and their results are in contrast
with the results of this study. They also concluded that Cu
pollution was caused by the disposal of medical solid
waste and municipal and industrial wastewater [4].

The variation range of Ni concentration in seawater sam-
ples of different seasons was measured in spring and winter as
1.27 ± 0.05 and 7.99 ± 0.23 mg/l, respectively (Table 3).
Comparing the results showed that there is a significant dif-
ference (P < 0.05) among the concentrations of Ni in different
seasons (Fig. 4). Basically, the majority of Ni is in colloidal
form and mainly deposit in estuaries and beaches. It is possi-
ble that sludge from dredging docks and shipping channels

was contaminated with this metal [43, 44]. In addition, the
sludge from sewage contains a significant amount of Ni.

According to Table 3, the variation range of obtained Zn
concentration is between 3.99 ± 0.10 and 12.68 ± 0.26 mg/l
for spring and winter, respectively. The results showed that
there is a significant difference among the concentration of
Zn in seawater samples of different seasons (P < 0.05), and
the maximum average of their concentration was obtained in
winter, autumn, summer, and spring, respectively.

Fe concentration of coastal water varied a lot during differ-
ent seasons. Its variation range in all seasons was measured
from 1.98 ± 0.054 to 13.98 ± 0.267 mg/l. Generally, the results
showed that there is a significant difference among all seasons
(P < 0.05), and the ranking order of average concentration was
winter, autumn, summer, and spring (Table 3).

Furthermore, the results showed that the sequence of HMs
in seawater samples of different stations in Jam city beaches
was obtained as Fe > Pb > Zn >Ni > Cu > Cr > Cd. According
to the position of Jam city and due to the development of the
region and numerous projects underway in this area, it is nec-
essary to use strategies to help reduce pollutants.

Sediment variations

There were seasonal variations in the concentration of metals
in sediments. Different changes in the concentration of HMs
in sediments at different stations and seasons (Table 4) suggest
variability and point sources of these metals [36]. Other im-
portant factors in the changes in the concentration of toxic
metals in various stations and seasons can be the changes in
the volume of incoming seawater to the region. The other
reason may be upwelling, and the physicochemical parame-
ters may also affect the spatial and seasonal distribution of
HMs or the amount of dilution and concentration caused by
the evaporation and circulation of Persian Gulf beaches [45].

Table 7 Comparison of the obtained results of average sediment heavy metal concentrations (mg/kg-DW) in the study area with other coastal areas

Location Pb Cu Zn Ni Cr Cd Fe Reference

North west Persian Gulf
(Emam Khomeini Port)

6.52 ± 1.12 15.32 ± 1.99 48.16 ± 8.57 54–58.33 – – 21.833–315.400 [5]

Shuangtaizi Estuary, China 6.88 6.5 53.65 – 0.49 – [18]

Black Sea, Turkey 0.03–31.1 4–95.5 33.9–267.4 2.65–13.55 – 0.02–0.93 [28]

Qusier Harbour 10.5 4.10 21.4 26.5 – 1.00 1.39% [29]

Oman Sea 21.42 9.99 36.72 40.85 24.08 1.42 – [30]

Caspian Sea 17.08 29.65 76.92 37.04 30.84 – – [31]

Persian Gulf 30.83 ± 11.03 32.87 ± 4.06 62.08 ± 12.18 – 4.19 ± 1.17 – – [27]

Persian Gulf 19.20–45.59 4.82–15.97 13.85–31.72 0.63–2.82 [7]

Persian Gulf (Emirates) 5.88–6.9 – – 139 – 0.02–0.11 – [32]

Persian Gulf (Nayband Bay) 3.56–5.25 – – – – 1.16–1.44 – [33]

Persian Gulf (Nayband Bay) – 3.38 ± 1.5 10.37 ± 2.05 15.490 ± 2.3 104.16 ± 86.4 – 1.108 ± 0.26 [34]

Present Study 9.51 29.62 48.83 20.13 18.89 0.434 59.84
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For all studied metals, station 9 was the most polluted area
both in winter and autumn. On the other hand, in spring and
summer, more polluted stations varied depending on the type
of metal. This issue suggests different sources of those metals
in these two seasons. Generally, the results in Table 3 show
that for all studied metals, the highest and lowest concentra-
tion were measured in winter and spring. Furthermore, com-
paring metal concentration in sediments showed that there is a
significant difference (P < 0.05) in different seasons (Fig. 5).

Marine environment was influenced by various processes
such as physicochemical, biological, and hydrological ones
(tides, waves, and other marine flows) and rivers [1].
Therefore, the existence of a significant difference among
the amounts of measured HMs in various seasons is the reason
that pollution sources of these coasts are a function of seasonal
factors. The differences may be due to the changes in precip-
itation, the entrance of seawater into the sea in different sea-
sons, the amount of evaporation, sea flows in various seasons,
the trend of human activities related to the petrochemical in-
dustry, and transportation in different seasons [45].

The results showed that there is a significant difference
(P < 0.05) among the average concentration of Pb in the sed-
iments of different seasons (Fig. 4). Therefore, the highest
average concentration of Pb was 12.18 ± 0.89, 10.021 ±
0.49, 9.078 ± 0.57, and 6.77 ± 0.99 (mg/kg-DW) in winter,
autumn, summer, and spring, respectively (Table 4).

In all seasons, the highest concentration of Pb has been
measured in the sediments of stations 9 and 10. Activities
associated with fishing and the extraction and transportation
of oil can contaminate the area with Pb. In addition, the
highest concentration of Pb was observed in winter. In this
season, abundant rainfall can enter large amounts of Pb from
overland into the sea area. Furthermore, the increase in the
occurrence of upwelling and evaporation in this season is
the possible reason for the increase in Pb contamination in
sediments. The results showed that there is a significant dif-
ference (P < 0.05) among the average concentration of Ni in
the sediments of different seasons (Fig. 5).

Among the studied metals, the lowest average concentra-
tion was for Cd. Furthermore, comparing the average concen-
tration of Cd in the sediment samples from different seasons
showed a significant difference at a 95% confidence level
among them (Fig. 5). The changes of Cr concentration in the
sediment samples collected in different seasons have shown
that the variation range was between 13.066 ± 0.13 and 23.12
± 0.41(mg/kg -DW) in spring and winter, respectively (a sig-
nificant difference at 95% confidence level). The highest con-
centration of Cr was measured in winter, autumn, summer,
and spring, respectively (Table 4).

The findings showed that there is not a significant differ-
ence for Zn between summer and autumn, but this difference
is significant among other seasons (Fig. 5). The highest aver-
age of Zn concentration was measured for winter, autumn,

summer, and spring as 39.82 ± 2.93, 48.49 ± 0.69, 50.19 ±
0.77, and 53.563 ± 1.035 (mg/kg -DW), respectively. These
results are in agreement with the findings of Rajeshkumar
et al. (2018) [23].

Hamed et al. (2007) [46] have reported that Zn can be
deposited as ZnCO3, so this can be one of the reasons to
increase Zn in marine sediments. Furthermore, they added that
being at a high rate is an indicator of a very high sedimentation
rate. The average of Zn concentration in sediments was ob-
tained as 83.48 mg/kg-DW. For Cu like Zn, there was no
significant difference between the summer and autumn. On
the other hand, during other seasons, this difference was sig-
nificant at a 95% confidence level (Fig. 5).

Variations in Fe concentration of coastal sediments were
extremely high during different seasons. The results showed
that there is a significant difference among the average Fe
concentration of sediments in different seasons at a 95% con-
fidence level.

The results showed that the highest concentration in sedi-
ments was during the rainy seasons (winter). In addition, the
amount of HMs that enter the sea by Jam and Mond seasonal
rivers from industrial, agricultural, and urban areas can be a
reason to increase the concentration of HMs in winter [40, 47].
Increasing organic compounds, nutrients, and phosphate and
reducing salt during the rainy season as well as forming com-
plex metal compounds and reducing their movement can in-
crease the concentration of HMs in sediments [39, 48].
Evidence shows that in winter, because of the occurrence of
the upwelling phenomenon in the region, the majority of the
area would be chaotic and can result in increasing the metal
concentration in sediments and seawater. The results showed
that the high concentration of HMs in sediments is due to
pollutants such as municipal and industrial wastewater, sur-
face run-off, agricultural effluent, and atmospheric deposition
resources [16, 23]. Kammala-Kannan et al. (2008) [47] inves-
tigated the metal concentration in the seawater of Pulicat Lake
in various seasons. Their results showed that there is a signif-
icant difference among metals concentration in various sea-
sons. They said that the differences in the distribution of
metals in different stations and seasons are due to the fluctu-
ations in the flow of rivers feeding the lake, solid waste, and
channels of polluted water.

Seasonal correlation of HM concentration

Analysing the seasonal correlation among HMs of seawater
and sediment samples showed that there is a significant posi-
tive correlation (P < 0.05) between coastal sediments and sea-
water in spring, autumn, and winter for Fe and Cr, respectively
(Table 5). A significant positive correlation was also found for
Pb among seawater and sediment samples in spring and au-
tumn. On the other hand, no significant correlation was ob-
served for both summer and winter. Irwin et al. (1997) [49]
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reported that Pb was effectively removed from the seawater
column by the adsorption into organic and clay matter.
Furthermore, for Ni, a correlation among the concentration
of seawater and sediment elements was observed in spring
and winter. In addition, the findings showed that for Zn and
Cd, no significant correlation was observed between seawater
and sediment samples in various seasons (Table 5). The re-
markable point is that in all studied metals, no significant
correlation was observed between seawater and sediment
samples in summer. By comparing the correlation among
HMs in seawater and sediment of various seasons, this signif-
icant and positive correlation can indicate that the source of
their changes is somewhat the same. One of the influencing
factors on the concentration of HMs in sediments is the pres-
ence of suspended and organic matters in seawater [41, 50].

Because of wind and sea currents in winter, turbulence and
stirring of the seawater will arise, and the adsorption on
suspended particles heats up. However, in the summer and
early autumn, when the region is faced with a reduction in
inflow and run-off, suspended solids are deposited.
Basically, the findings show that in rainy seasons, along with
river flooding and ripple of the coast, metals isolate from
sediments and re-suspend in the seawater [51]. Therefore,
high correlation of some metals concentration in winter can
be due to re-suspending them from sediments to seawater.

Ecological risk assessment of HM

According to the results, Er values for Cr, Pb, Cu, Zn, and Ni in
all samples are lower than 40. This indicates that these metals
possess a low Er in the study area. However, in three seasons
(summer, autumn, and winter) Cd Er values were higher than
40, indicating a moderate Er during these seasons in the study
area. The ranking order of HM Er values were Cd >Cu > Pb >
Ni > Zn >Cr. Among these, Cd displayed the highest Er value in
all sampling sites. The highest Er values for Cd (Er = 64.263 and
63.316) were found in stations 9 and 8. These results are in line
with the results of Arfaeinia et al. (2017) [36] as they revealed
that these stations are located near the Asaluyeh’s oil and petro-
chemical industrial sites, which have the highest industrial ac-
tivities and are the main zones discharging petrochemical indus-
trial effluent into the coastal areas. In addition, these sites coin-
cided with the area where human activities were historically
concentrated, such as urban run-off, wastewater, and effluent
discharge from ballast water due to boating and shipping activ-
ities [44]. In particular, this station showed the greatest range of
metal concentration in all seasons. Although the Zn concentra-
tion, as a required trace element for living organisms, was high,
and its biological toxicity coefficient was low, it leads to a lowEr
value [52]. Based on the results, Er value for all sampling sta-
tions in all seasons was lower than 150, indicating that Er was at
a low level.

The values of pollution load index in all 16 sampling sta-
tions are lower than 1, indicating that these stations bear a low
pollution load in the study area (Table 6). Gained PLI values
are 0.17–0.262, 0.286–0.306, 0.313–0.346, and 0.338–381 in
spring, summer, autumn, and winter, respectively. Among
these 16 stations, higher PLI values were observed in spring
at station 1, in summer at station 13, and in autumn and winter
at station 9, with the values of 0.346 and 0.381, respectively,
which are clearly lower than 1 (Table 6).

Comparison with international standards
and previous studies

International sediment quality guidelines were used in order to
assess the studied sediments and estimate their potential eco-
logical effects on biota in this area. The threshold effects level
(TEL), probable effect level (PEL), effects range low (ERL),
and severe effect level (SEL) are useful tools to evaluate the
ecological risk effects of organic and inorganic contaminants
in aquatic sedimentary substrates [36]. These regulations were
developed by comparing different marine organisms’ sedi-
ment toxicity responses with the observed metal sediment
concentrations (Table 8).Moreover, it can be used as a suitable
tool to estimate risk levels and the protection of aquatic eco-
systems [41]. The comparison of analysed HM concentrations
with the standards of NOAA and SQGs determines the extent
of sediments’ pollution. Generally, the average annual con-
centration of Cu, Pb, Ni, Cd, Zn, and Cr in the sediments
was lower compared to these measurements, which may indi-
cate the lack of metal pollution. Therefore, there is no concern
for these metals in the study area. It should be noted that due to
the unavailability of cited standards for Fe, no comparison has
been done for this metal. Furthermore, among the studied
metals, only for Ni and Cu the measured amounts were more
than LEL, and they were so close to their amounts in TEC and
ERL. Therefore, we can say that the concentration of these
two metals can be a threat to the creatures of the studied area.
In addition, the annual average concentrations of Pb, Cu, Ni,
and Cd were mainly higher in comparison with their back-
ground concentrations (Table 8).

TEL: threshold effect level, PEL: probable effect level,
LEL: lowest effect level, SEL: severe effect level (values in
mg/kg-DW).

As discussed earlier, the shores of the Persian Gulf are
exposed to severe oil, industrial, and urban pollution. These
shores are strategically important internationally due to their
rich oil and gas resources. The Persian Gulf is also one of the
largest habitats for marine creatures such as corals, small or-
namental fish, edible and non-edible fish, mussels, snails,
molluscs, sea anemones, sea sponges, brides, turtles, dolphins,
sharks, and many other creatures. [33, 34, 37]. Continuous
monitoring of pollution on these coasts is therefore essential
for the protection of biodiversity and human health. [5, 6, 8].
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Due to the importance of contamination studies in the Persian
Gulf, this study focused on one of the most critical shores (Jam
Coastal Province of Bushehr, Iran) of the Persian Gulf. Since
seasonal variation is an important factor in the amount of con-
taminants released into the Persian Gulf [34], this study paid
particular attention to this factor. Moreover, this study is one of
the few studies that conducted a one-year monitoring system and
considered seasonal variations in heavy metals as well. It is
worth mentioning that this factor has not been considered in
other previous studies such as those by Bastami et al. (2015)
[31], Dobaradaran et al. (2018) [27], Dehghani et al. (2019)
[45], Janadeleh et al. (2018) [33], and Davoodi et al. (2017) [34].

It should be noted that Sharifinia et al. (2018) [7] also
implemented a one-year monitoring system of the metals in
sediments, but they did not examine the seawater (their study
areas were located in Khamir, Tiyab, and Jagin, while the
current study focused on Jam beaches). This can, therefore,
be noted that the difference between the present study and
other studies includes: 1) calculating the concentration of large
numbers of metals (sevenmetals), 2) evaluating and determin-
ing the concentrations of metals and their environmental haz-
ards in both seawater and sediment samples, and 3) examining
the seasonal variations of metals over a year.

Conclusions

This study was designed to acquire information on the con-
centration of HMs in seawater and bottom sediments of
Persian Gulf in the coastal region of Jam city (an area with
residential, industrial, and agricultural activities). Boats and
ferries traffic, discharge of municipal and industrial wastewa-
ter, medical solid wastes, and rivers polluted with HMs are the
main factors for the emission of these metals into the sea of
this region. In some cases, HMs pollution is more than SQGs
and NOAA, but this study showed that at this time, the con-
centration of the metals is often lower than the cited standards.
Among the studied metals, only for Ni and Cu, the measured
values were more than LEL. Therefore, it can be said that the
concentration of these two metals is mainly a threat to the
creatures of this area. As a result, it is necessary to take steps

to minimize the amount of these HMs in the seawater. This is
because the rapid growth of industrial and human activities
along the coastline and the surrounding areas has increased the
pollutants dumped into the seawater and sediments. The eval-
uation of the potential ecological risk index (Er) and the eco-
logical risk of the environment (RI) of HMs showed that
among different metals, Cd bears a moderate Er during spring,
autumn, and winter. Moreover, the ecological risk of the en-
vironment index (RI) for all sampling stations in all season
was lower than 150, indicating that the Er was low.

The concentration of Cd compared with the background
concentration is much more. The results from this study
showed that there was a positive significant correlation be-
tween the HMs concentration increase in seawater and bottom
sediments with the rate of surface entrance run-off after the
rainfall in residential and industrial areas and agricultural
lands (concentration in winter). Based on the results obtained
in this study, because of the region’s sensitivity and fragility
due to pollution sources and the potential for the increased
concentration of HMs, a continuous monitoring program to
protect human health, food chain, and biodiversity in marine
and coastal sediments and Persian Gulf ecosystem waters is
extremely important. This study recommends that point and
nonpoint sources of HMs in the coastal zone should be strong-
ly monitored. In addition, there should be an improvement in
conditions and a reduction of industrial and domestic waste-
water discharge. Hence, various sources of HM such as indus-
trial effluent and domestic sewage that discharge into waters
should be treated before mixing with coastal waters.
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