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Abstract

Introduction: Heavy metal pollution is one of the most serious environmental issues globally. This research
investigated the heavy metal concentrations in sediments and fish in Persian gulf.

Materials & Methods: For determination of heavy metal concentrations in sediments eight sampling stations were
selected to measure Cd, Zn, Ni, Pb, and Fe in the sediments and in the muscle tissue of Otolithes ruber from the
northern part of the Hormuz strait (Persian gulf). Samples were then prepared according to MOOPAM for metal
analysis. Heavy metal concentrations were analyzed using inductively coupled plasma-optical emission
spectrometry (ICP-OES). Analysis of variance (ANOVA) was done to evaluate significant differences in elements’
concentrations during sampling periods.

Results: Analysis of the potential ecological risk of sediment heavy metal concentrations showed that most sample
sites in the northern part of the Hormuz strait (Persian Gulf) presented a low ecological risk. Regarding enrichment
of Cd, Zn, Ni, Pb, and Fe the highest EF belonged to Pb. The obtained mean enrichment factor (EF) values for
various metals were between no enrichment and moderate enrichment.

Conclusion: The concentrations of heavy metal in the edible part of O. ruber did not exceed the permissible limits
proposed by NOAA, FAO, and WHO standards and thus are suitable for human consumption, except for Pb and Cd.
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Introduction

Heavy metals in marine sediments have natural
and anthropogenic origin: distribution and
accumulation are influenced by sediment

texture, mineralogical composition,
reduction/oxidation state, desorption processes,
and physical transport. Moreover, metals can be
absorbed from the water column onto fine
particles' surfaces and move thereafter toward
sediments. Moreover, metals participate in
various biogeochemical mechanisms, have
significant mobility, can affect the ecosystems
through bio-accumulation process, and are
potentially toxic for environment and for human
life ™. Rapid industrialization and urbanization
have led to the high accumulation of heavy
metals and organic pollutants in soil, water,
sediment, street dust, as well as organisms in
urban areas . Due to their toxicity,
bioaccumulation, persistence, and bio
magnifications through food chains, heavy
metals posed a potential threat to ecological
system as well as human health, and gradually
drew a wide concern . Marine sediments can be
sensitive indicators for monitoring contaminants
in aquatic environments . Sediments have the
capacity for accumulating heavy metals from
overlying waters; therefore, the enrichment of
heavy metals in sediments is often a preferred
indicator of the contamination status .
Sediments also provide habitat and a food source
for benthic fauna ®!. They have been used to
assess the pollution of water bodies and reflect

the pollution source extensively which can
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provide the information of historical deposition
of pollutants . Furthermore, sediments could
also be a secondary contamination source
because pollutants may be directly and indirectly
toxic to the aquatic biota and even other
organisms throughout the marine food web ¥,
Various studies have demonstrated that marine
sediments from industrialized coastal areas are
greatly contaminated by heavy metals; therefore,
the evaluation of metal distribution in surface
sediments is useful to assess pollution in the
marine environment ). Fishes are widely
consumed by humans in the world due to their
high protein supply and omega-3 fatty acids that
help to reduce the risk of certain types of cancer
and cardiovascular diseases . However, fishes
can accumulate high concentrations of metals
absorbed from the water and their food ™.
Approximately 90% of human health risk related
to fish consumption is associated to metal-
contaminated fish . The Persian Gulf is a
strategic region in the Middle East. Additionally,
it is well known as the most active oil
production region in the world ™. This Gulf
during the last three decades has been affected
by two major oil spills. The first occurred in the
Iran-Irag War in 1983, and the second happened
during the 1991 Gulf War . Also, this region
has a complex and interesting ecosystem and is
influenced by anthropogenic activities including
shipping and transportation, the oil and
petrochemical industry, fishing, agriculture,

harbor, mining, residential, and commercial


https://jhr.ssu.ac.ir/article-1-295-fa.html

[ Downloaded from jhr.ssu.ac.ir on 2026-04-22 ]

Risk Assessment and Heavy Metal....

wastewater 2. Also, the Persian Gulf is the
main source of fishery in the south of Iran ™,
The objectives of the present study were to
assess the extent and ecological risk assessment
of heavy metals (Cd, Zn, Ni, Pb, and Fe) in the
surface sediments and Otolithes ruber from the
northern part of Persian Gulf.

Materials and Methods

Surface sediments and fish samples were
collected from eight sites in northern part of the
Hormuz strait (Persian Gulf), including Eskele
20 (Stl), Banagostar(St2),
(St3),Bustanoo (St4), Kanaf (St5), Souro (St6),
estuary(St7), and Sabzbandar(St8)(Fig. 1).
Surficial sediments were collected by Peterson
grab in the summer of 2015 (Fig. 1). The

samples selection according to USGS standard
[14]

Shour-e-aval

Stations were selected first, to cover all
Hormuz strait Berthsand second to assess all
processes of shipping and industry in this area.
Samples for metal analysis are prepared
according to MOOPAM. They were collected
using a zinc-plated Peterson grab. A Teflon
spatula was used to extract the sediment samples
from the center of grab. After collecting
samples, the surface sediment samples were
immediately packed in airtight pre-labeled
polyethylene bags and preserved at 4° C till the
metal analysis. Grain size fractionsless than 63
um were separated for geochemical analysis ™.
The concentration of elements (Cd, Zn, Ni, Pb,
and Fe) in sediment samples was determined by
atomic absorption spectroscopy (Varian AA-30

model).All the sediment samples were gently
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air-dried at 50° C and then sieved. The
sediments were weighted and placed into a
Teflon beaker and were digested using7 mL of
aqua regain (1:3HCI:HNO3). The mixture was
heated at 95° C for 1 h and refluxed for 5-10
min until the brown fumes were no longer
visible, then after cooling, 5 mL of hydrogen
fluoride (HF) was added. Then, samples were
refluxed to room temperature. Sediment samples
were filtered by What man 0.45 Im membrane
and brought to 50 mL volume using 1 N HCI [¢1,
Finally, heavy metal concentrations were
analyzed using inductively coupled plasma-
optical emission spectrometry (ICP-OES).

A total of 80 individuals of Otolithes ruber were
collected from8 sampling sites in the northern
part of Persian Gulf in summer of 2015. In the
laboratory, the samples were cleaned up with tap
water and deionized water, so that the dorsal
muscle samples of each fish were removed for
metal analysis. The muscle was preferred
because it is a major target tissue for metal
storage " and is the main edible part of fish.
So, metal assessment in muscle would determine
status of public health risk ", The fish samples
were collected in sterile polythene bags and kept
in the laboratory deep freezer (-20° C) to prevent
deterioration until further analysis. According to
AOAC (1995), then an acid mixture (10 mL,
70% high purity HNO3 and 65% HCIO4, 4:1
v/v) was added to the beaker containing 1 g of
the dry sample. Later, the mixture was digested
at 80° C until the transparent solution was

achieved. After cooling, the digested samples
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were filtered using Whatman no. 42 filter paper
and the filtrate was diluted to 50 mL with

distilled water.
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Fig. 1. Sediments' sampling stations in north part of Persian gulf (south Iran)

Assessment of sediment pollution: Enrichment
factor (EF) technique was applied to assess the
level of contamination in the sediments of
Persian gulf North part. According to this
technique, metal concentrations were normalized
to metal concentrations of average shale .
Widely used elements for normalization are Fe
19 and Al 2%, In this study, iron has also been
used as a conservative tracer to differentiate the
metal contamination with respect to the average
shale to quantify the extent and degree of metal
pollution. To assess the level of metal
enrichment in sediment samples of study area
enrichment factor (EF) was computed using the
following equation:

EF= (Msample/Fesample)/ (Maverage shale/Feaverage shale)

Where:
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Msample  CONcentration of the examined metal in
the examined sediment

Fesample  CONcentration of the reference metal in
the examined sediment

Maverage shale concentration of the examined
metal in the average shale

Feaverage shate concentration of the reference
metal in the average shale

According to Chen et al. ?, EF<1 indicates no
enrichment, EF<3 is minor enrichment, EF=3-5
is moderate enrichment, EF=5-10 is moderately
EF=10-25 is
EF=25-50 is very

enrichment, and EF>50 is extremely severe

severe enrichment, severe

enrichment, severe
enrichment. The values of the average shale used
in this work are from central Persian Gulf

sediments 24,
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Potential ecological risk index (RI) is introduced
to assess the degree of heavy metal pollution in
soil or sediments which was originally proposed
by Hakanson and widely used #?. The value of
RI can be calculated by the following formulas

[22].

i i i
C = C surface/ C refrence

Where RI is the sum of potential risk of
individual heavy metal .E, is the potential risk of
individual heavy Metal, and T'. is the toxic-
response factor for a given heavy metal. Further,
C'; is the contamination coefficient, C'yace iS the
present concentration of heavy metals in
sediments, and Cefence IS the average of heavy

E, =T xCk metal concentrations in shale.
RI=Y E|
Table 1. Background reference values (mg/kg, C'r) and toxicity coefficient (T) of heavy metals %22,
Elements Cd Zn Ni Pb
C'r 2.7 69 86 45
T 30 1 5 5

Table 2.Relationship among RI, E'; and pollution levels

Ei Grade of ecological risk of RI value Grade of potential ecological
single metal risk of environment
Ei<40 Low risk RI<150 Low risk
40 <Ei<80 Moderate risk 150<RI1<300 Moderate risk
80<Ei<160 Considerable risk 300<RI1<600 Considerable risk
160<Ei<320 High risk RI1>600 Very high risk
Ei>320 Very high risk
Results pollution in this site. The highest concentrations

Heavy metals concentrations found in
sediment: The concentrations of heavy metals in
sediments from northern Persian Gulf are
tabulated in Table 3.Thesediment samples at St4
represented the highest concentrations(in mg/kg)
of Cd (0.43), Ni (42.38), and Pb (10.12). Exports
of goods as well as loading and unloading of

organic and inorganic have increased the
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of Fe (22400) and Zn (112.31) mg/kgwere found
in St7. However, the lowest concentration of Ni
(24.63) and Pb (5.32) mg/kg were found in St6.
The lower Fe (10800) and Zn (25.83) mg/kg
were detected in St2 and St3, respectively. Also,
the lowest concentration of Cd (0.12) was found

in Station 1.
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Table 3. Elemental concentration of surficial sediments of North Persian Gulf (mg/kg)

Station Cd Zn Ni Pb Fe
1 0.12 61.45 37.28 6.71 22100
2 0.16 37.76 32.71 9.62 10800
3 0.23 25.83 30.85 8.86 17300
4 0.43 57.22 42.38 10.12 19800
5 0.24 92.60 34.29 7.40 16200
6 0.21 33.62 24.63 5.32 18000
7 0.19 112.31 38.37 7.03 22400
8 0.28 98.69 31.90 6.83 20500
Min 0.12 25.83 24.63 5.32 10800
Max 0.43 112.31 42.38 10.12 22400
Average 0.23 64.93 34.05 7.73 18388
Persian gulf 2.7 69 86 4.5 20000

standard™!!

Mean crust®®! 0.3 75 75 14 46000

Heavy metal concentrations in fish tissue are
presented in Table 7. According to the results of
Table 4, the highest mean values of Ni (15.40
mg/kg) and Fe (34.78 mg/kg) were recorded in
the station 5. For Cd, station 3showed higher
mean values with 0.12 ppm, and the higher Zn

concentration was observed in station 6 with
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32.82 ppm. The highest mean value of Pb (5.02)
ppm was recorded in station 2. The lowest
concentration of Cd (0.057) and Ni (9.21) mg/kg
were found in station 1. For Zn and Pb, station 5
showed the lowest concentrations with (14.95)
and (0.86) mg/kg, respectively, and the lower Fe
concentration was observed in station 4 with
11.21 mg/kg.
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Table 4. Heavy metal concentrations (mg/kg) of tissue from O. ruber sampled in the northern part of the Persian

Gulf (mg/kg)

Station Cd Zn Ni Pb Fe
1 0.057 19.46 9.21 2.34 17.74
2 0.085 20.32 10.86 5.02 16.87
3 0.12 21.74 12.57 3.85 19.60
4 0.11 26.67 14.63 3.40 11.21
5 0.091 14.95 15.40 0.86 34.78
6 0.10 32.82 13.76 1.63 31.41
7 0.081 24.53 13.85 4.57 20.82
8 0.077 25.62 11.71 3.63 24.63
Min 0.057 14.95 9.21 0.86 11.21
Max 0.12 32.82 15.40 5.02 34.78
Average 0.090 23.26 12.74 3.16 22.13

Discussion

Metal concentrations in the sediments of north
part of Hormuz strait (Persian Gulf) were
compared to those of other studies performed in
other areas of the world (Table 5). Several
studies have been conducted on heavy metal
contamination throughout the world, including
Iran 53¢ According to the reported results, the
mean concentrations of heavy metals in present
study were lower than mean crust @
concentrations. The heavy metal contents in the
current study were more than those found in
Adriatic sea ¥ and Mediterranean sea %!, while
they were lower than those in Pichavaram

mangrove P2, 1zmit Bayn ™, Gulf of Tunis 2,
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and Astakos bay P2. The concentration of Zn in
this study was higher in comparison to the ones
observed in Mahshahr creeks B4, Furthermore,
the comparison of the present results with
previous studies in this area showed that the
levels of Zn, Ni, and Pb were lower than those
reported by Farsad et al. (2011) (Table 5). Two
sets of SQGs developed for marine and estuarine
ecosystems > **\were applied in this study to
assess the ecotoxicological risk assessment of
heavy metals in sediments: (a) the effect range
low (ERL) effect range median (ERM), and (b)
the threshold effect level (TEL) probable effect

level (PEL) values. Low-range values (i.e.,
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ERLs or TELS) are concentrations below which
adverse effects upon the sediment dwelling
fauna would be infrequent. In contrast, the
ERMs and PELs represent  chemical
concentrations above which adverse effects are

likely to occur B®!. The concentrations of Cd, Zn,

and Pb in present study were lower than the
corresponding values of the ERL, PEL, and TEL
(Table 5). The mean concentration of Ni in this
study was more than TEL and ERL but was
lower than PEL.

Table 5.Comparison of concentration of heavy metals found in sediment of North Persian Gulf in Iran and other

countries(mg/kg)

Location Cd Zn Ni Pb Fe

Adriatic sea, Italy™” 0.20 95.8 - 4.43 8800

Pichavaram mangrovel® 6.96 89 62 11.2 32482

Izmit Bay(Turkey)® 2.5-9.5 440-1,900 - 55.2-172 -

Gulf of Tunis(Tunisia)®! 0.07-0.67 75-249 - 18.7-98.8  25,731-47,922

Astakos bay, Greecel® 3.25 89 - 28 -

Mahshahr creeks (Persian Gulf)!*l - 43 70 25 -

Mediterranean sea'®! 0.0011 0.02 0.13 0.0057 1.29

North part of Persian gulfl?® 3 139.88 138.47 18.20

ERL 5 120 30 35 _

PELI! 35 315 36 91.3

TELE® 0.6 123 18 35 _

Persian gulf 0.23 64.93 34.05 7.73 18388
*References

Enrichment factor: The obtained mean belonged to Pb (Pb =4.04) indicating moderate

enrichment factor (EF) values for various metals
were between no enrichment and moderate

enrichment. The maximum mean EF value
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enrichment and also the minimum mean EF
value was seen for Cd (Cd =0.003) showing no

enrichment (Table 6).
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Table 6. Enrichment factors (EF) of metals for sediment samples

Station number Cd Zn Ni Pb
1 0.003 0.79 0.37 1.36

2 0.010 1 0.69 4.04

3 0.009 0.41 0.39 2.31

4 0.015 0.82 0.48 2.31

5 0.010 1.67 0.48 2.04

6 0.008 0.52 0.30 1.31

7 0.062 1.47 0.39 1.4

8 0.009 1.41 0.34 15

Mean 0.015 1.01 0.43 2.03

Potential ecological risk: Potential Ecological
Risk values are shown both individually and
totally in Table 7. The order of potential
ecological risk factor of heavy metal in
sediments of North Persian Gulf was
Pb>Cd>Ni>Zn (Table 7).
calculations of the respective index for the
selected metals (Cd, Zn, Ni and Pb), it was

Based on the

observed that all of the samples were within the
grade of“low ecological risk™as their individual
(E')) values were all below 40. Values of E', for
Cd ranged from 1.32 (St. 1) to 4.77 (St. 4). For
Zn, E'. values ranged from 0.41 (St. 3) to 1.64

(St. 8). For Ni, E', values ranged from 1.43 (St.
6) to 2.46 (St. 4). For Pb, it ranged from 5.9 (St.
6) to 11.2 (St. 4). Based on the calculated RI
values which is the summation of the calculated
E', values, for different elements across the site,
it was similarly observed that all the site samples
were within the lowest grade of potential
ecological risk values (RI<150). RI varied
between 10.12 and 17.19 for all metals and the
general average was calculated as 13.79. Station
4 (17.19) had higher values of RI while the

lowest values was detected at station 6 (10.12).

Table 7. Ecological risk factor (E') and the potential ecological risk index (RI) of heavy metals in surface sediments
of North Persian Gulf

Station Cd Zn Ni Pb Potential toxicityresponse indices for Risk grade
number heavy metals (RI)

1 1.32 0.89 216 7.45 11.82 Low
2 1.77 0.54 1.9 10.65 14.86 Low
3 2.55 0.41 1.79 9.8 14.55 Low
4 4.77 0.82 246 11.2 17.19 Low
5 2.64 1.34 199 82 14.17 Low
6 2.31 0.48 143 59 10.12 Low
7 2.1 1.62 223 1.8 13.75 Low
8 3.09 1.43 185 7.55 13.92 Low
Average  2.56 0.94 197 8.56 13.79 Low
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The reported results in the literature showed that
the metal contents in the fish muscles varied
depending on the location and the species that
were caught (Table 8). The concentration of Cd,
Ni, and Fe in this study was lower than Shat al
Arab B and northwest Persian Gulf . The
concentration of Pb in present study was more
than northwest Persian Gulf P The
concentrations of Zn, Ni, and Fe in present study
were lower than Agriculture Organization
(FAO) (1983) and WHO (1996) standards. But,
the Pb concentration was more than Agriculture
Organization (FAO) (1983) and WHO (1996)
standards. Also, the concentration of Cd in the
current study was higher than WHO (1996)
standards. Therefore, the concentrations of
heavy metals in the edible part of O. ruber did
not exceed the permissible limits proposed by
NOAA (2009), FAO (1983), and WHO (1996)

(Table 8) and are suitable for human

consumption, except for Pb and Cd. Alahverdi
and Savabieasfahani also indicated that the mean
concentrations of metals in the sediment were:
Pb (42.4 + 2.7), Cd (7.4 £ 1), Ni (38.1 £ 3.7),
and Cu (8.3 = 1.2) Ig g-1 dry weight in the
Bushehr Province on the Coast of the Persian
Gulf B, Janadeleh et al. reported that the mean
concentrations of iron, nickel, lead, and zinc
were as: 40991 mg/kg, 65 mg/kg, 31 mg/kg, and
60 mg/kg, respectively in surface sediment of
the study area. All heavy metal concentrations in
that study were more than heavy metal
concentrations of the present study [,
Mortazavi and Sharifian were reported that
Mercury concentration was 0.373 pg/g for Liza
abu, 1.172 pg/g Sparidentex hasta, 0.445ug/g
for Acanthopagrus latus, 0.390 ug/g for Thunnus
tonggol, and 0.360 pg/g for Fenneropenaeus
indicusin Mosa Bay, Persian Gulft*!,

Table 8.Comparison of heavy metal accumulation in fish (Otolithes ruber) muscles with the reported values in other

lakes (mg/kg)

Locations and standards Cd Zn Ni Pb Fe

shat al arab 11.9 - 12 - 17 (371
Northwest Persian gulf 0.28 - 42.01 045 87.02 L)
FAO 0.5 300 55 2 180 42]
WHO 0.020 50 30 05 109 143]
NOAA 4 150 52 128 250 441
Persian gulf 0.090 2326 1247 316 22.13 Presentstudy
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Conclusion

This study provided important information on
heavy metal concentrations in surface sediments
and O. ruber from the area of study. The major
findings of this study confirmed that heavy
metal concentrate in the muscle tissue of O.
ruber from the area of study. The concentrations
of heavy metal in the edible part of O. ruber did

not exceed the permissible limits proposed by

NOAA (2009), FAO (1983), and WHO (1996).
Further, they were reported to be suitable for
human consumption, except for Pb and Cd.
Analysis of the potential ecological risk of
sediment heavy metal concentrations showed
that most sample sites in the northern part of the
Hormuz strait (Persian Gulf) presented a low

ecological risk.

References

Manahan SE. Environmenal chemistry. 7th ed, Boca Raton, FL: Lewis. 2000; 898

2. Chaudhari PR, Gupta R, Gajghate DG, et al. Heavy metal pollution of ambient air in Nagpur City.
Environmental monitoring and assessment. 2012;184(4):2487-2496.

3. Pekey H, Karakas D, Ayberk S, et al. Ecological risk assessment using trace elements from surface sediments of
Izmit Bay (Northeastern Marmara Sea) Turkey. Marine Pollution Bulletin. 2004;48(9):946-953.

4. Soares H, Boaventura R, Machado A, et al. Sediments as monitors of heavy metal contamination in the Ave
river basin (Portugal): multivariate analysis of data. Environmental Pollution. 1999;105(3):311-323.

5. Yi Y, Yang Z, Zhang S. Ecological risk assessment of heavy metals in sediment and human health risk
assessment of heavy metals in fishes in the middle and lower reaches of the Yangtze River basin.
Environmental Pollution. 2011;159(10):2575-2585.

6. Fox WM, Connor L, Copplestone D, et al. The organochlorine contamination history of the Mersey estuary,
UK, revealed by analysis of sediment cores from salt marshes. Marine Environmental Research.
2001;51(3):213-227.

7. Bellucci LG, Frignani M, Paolucci D, et al. Distribution of heavy metals in sediments of the Venice Lagoon: the
role of the industrial area. Science of the Total Environment. 2002;295(1):35-49.

8. Zonta R, Zaggia L, Argese E. Heavy metal and grain-size distributions in estuarine shallow water sediments of
the Cona Marsh (Venice Lagoon, Italy). Science of the Total Environment. 1994;151(1):19-28.

9. Storelli M. Potential human health risks from metals (Hg, Cd, and Pb) and polychlorinated biphenyls (PCBs)
via seafood consumption: estimation of target hazard quotients (THQs) and toxic equivalents (TEQs). Food and
Chemical Toxicology. 2008;46(8):2782-2788.

10. Alam M, Tanaka A, Allinson G, et al. A comparison of trace element concentrations in cultured and wild carp
(Cyprinuscarpio) of Lake Kasumigaura, Japan. Ecotoxicology and environmental safety. 2002;53(3):348-354.

11.

Demirak A, Yilmaz F, Tuna AL, et al. Heavy metals in water, sediment and tissues of Leuciscus cephalus from
a stream in southwestern Turkey. Chemosphere. 2006;63(9):1451-1458.

179


https://jhr.ssu.ac.ir/article-1-295-fa.html

[ Downloaded from jhr.ssu.ac.ir on 2026-04-22 ]

Habib Janadeleh and Sadigheh Jahangiri

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

217.

28.

Elhakeem A, Elshorbagy W, Chebbi R. Qil spill simulation and validation in the Arabian (Persian) Gulf with
special reference to the UAE coast. Water, Air, and Soil Pollution. 2007;184(1-4):243-254.

de Mora S, Fowler SW, Wyse E, et al. Distribution of heavy metals in marine bivalves, fish and coastal
sediments in the Gulf and Gulf of Oman. Marine Pollution Bulletin. 2004;49(5):410-424.

Forstner U, Traceability of sediment analysis. Trends in Analytical Chemistry. 2004;23:217-236

Abdolahpur Monikh F, Hosseini M, Kazemzadeh Khoei J, et al. Polycyclic Aromatic Hydrocarbons Levels in
Sediment, Benthic, Bentho pelagic and Pelagic Fish Species from the Persian Gulf. International Journal of
Environmental Research. 2014;8(3):839-848.

Vaezi A, Karbassi A, Valavi S, et al. Ecological risk assessment of metals contamination in the sediment of the
Bamdezh wetland, Iran. International Journal of Environmental Science and Technology. 2015;12(3):951-958.
Karbassi A, Monavari S, Bidhendi GRN, et al. Metal pollution assessment of sediment and water in the Shur
River. Environmental monitoring and assessment. 2008;147(1-3):107-116.

Giri S, Singh A. Human health risk and ecological risk assessment of metals in fishes, shrimps and sediment
from a tropical river. International Journal of Environmental Science and Technology. 2014:1-14.

Ghrefat H, Yusuf N. Assessing Mn, Fe, Cu, Zn, and Cd pollution in bottom sediments of Wadi Al-Arab Dam,
Jordan. Chemosphere. 2006;65(11):2114-2121.

Chen C-W, Kao C-M, Chen C-F, et al. Distribution and accumulation of heavy metals in the sediments of
Kaohsiung Harbor, Taiwan. Chemosphere. 2007;66(8):1431-1440.

Karbassi A. Geochemistry of Ni, Zn, Cu, Pb, Co, Cd, V, Mn, Fe, Al and Ca in sediments of North Western part
of the Persian Gulf. International journal of environmental studies. 1998;54(3-4):205-212.

Yang Z, Wang Y, Shen Z, et al. Distribution and speciation of heavy metals in sediments from the mainstream,
tributaries, and lakes of the Yangtze River catchment of Wuhan, China. Journal of hazardous materials.
2009;166(2):1186-1194.

Bowen HIM. Environmental chemistry of the elements: Academic Press. 1979.

Alomary AA, Belhadj S. Determination of heavy metals (Cd, Cr, Cu, Fe, Ni, Pb, Zn) by ICP-OES and their
speciation in Algerian Mediterranean Sea sediments after a five-stage sequential extraction procedure.
Environmental monitoring and assessment. 2007;135(1-3):265-280.

Ennouri R, Chouba L, Magni P, et al. Spatial distribution of trace metals (Cd, Pb, Hg, Cu, Zn, Fe and Mn) and
oligo-elements (Mg, Ca, Na and K) in surface sediments of the Gulf of Tunis (Northern Tunisia).
Environmental monitoring and assessment. 2010;163(1-4):229-239.

Farsad F, Karbassi A, Monavari SM, et al. Development of a New Pollution Index for heavy metals in
sediments. Biological trace element research. 2011;143(3):1828-1842.

Fernandes LL, Nayak G. Heavy metals contamination in mudflat and mangrove sediments (Mumbai, India).
Chemistry and Ecology. 2012;28(5):435-455.

Pekey H. The distribution and sources of heavy metals in Izmit Bay surface sediments affected by a polluted
stream. Marine Pollution Bulletin. 2006;52(10):1197-1208.

180


https://jhr.ssu.ac.ir/article-1-295-fa.html

[ Downloaded from jhr.ssu.ac.ir on 2026-04-22 ]

Risk Assessment and Heavy Metal....

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

Salem DMA, Khaled A, EI Nemr A, et al. Comprehensive risk assessment of heavy metals in surface sediments
along the Egyptian Red Sea coast. The Egyptian Journal of Aquatic Research. 2014;40(4):349-362.

Storelli M, Storelli A, Marcotrigiano G. Heavy metals in the aquatic environment of the Southern Adriatic Sea,
Italy: macroalgae, sediments and benthic species. Environment International. 2001;26(7):505-509.

Ramanathan A, Subramanian V, Ramesh R, et al. Environmental geochemistry of the Pichavaram mangrove
ecosystem (tropical), southeast coast of India. Environmental Geology. 1999;37(3):223-233.

Panagos A, Papadopoulos N, Alexandropoulou S, et al .Geochemical study of sediments from the Astakos Bay,
Greece. Proceedings of the Conference “Environmental Science and Technology” Lesvos, Greece. 1989:231-
242.

Madiseh SD, Savary A, Parham H, et al. Determination of the level of contamination in Khuzestan coastal
waters (Northern Persian Gulf) by using an ecological risk index. Environmental monitoring and assessment.
2009;159(1-4):521-530.

Long E, MacDonald D. Recommended uses of empirically derived, sediment quality guidelines for marine and
estuarine ecosystems. Human and Ecological Risk Assessment. 1998;4(5):1019-1039.

Macdonald DD, Carr RS, Calder FD, et al. Development and evaluation of sediment quality guidelines for
Florida coastal waters. Ecotoxicology. 1996;5(4):253-278.

Smith SL, MacDonald DD, Keenleyside KA, et al. A preliminary evaluation of sediment quality assessment
values for freshwater ecosystems. Journal of Great Lakes Research. 1996;22(3):624-638.

Al-Saad H, Mustafa Y, Al-Imarah F. Distribution of trace metals in tissues of fish from Shatt Al-Arab estuary,
Irag. Mar Meso. 1997;11:15-25.

Hosseini M, Nabavi SMB, Nabavi SN, et al. Heavy metals (Cd, Co, Cu, Ni, Pb, Fe, and Hg) content in four fish
commonly consumed in Iran: risk assessment for the consumers. Environmental monitoring and assessment.
2015;187(5):1-7.

Alahverdi M, Savabieasfahani M. Metal Pollution in Seaweed and Related Sediment of the Persian Gulf, Iran.
Bull Environ ContamToxicol 2012; 88:939-945

Janadeleh H, HosseiniAlhashemi A, Nabavi SMB. Investigation on concentration of elements in wetland
sediments and aquatic plants. Global J. Environ. Sci. Manage 2016 2(1): 87-9

Mortazavi MS, Sharifian S. Mercury Bioaccumulation in Some Commercially Valuable Marine Organisms from
Mosa Bay, Persian Gulf. International Journal of Environment Research. 2011 5(3):757-762

FAO. Compilation of legal limits for hazardous substances in fish and fishery products. . FAO Fishery Circular
No 464,5-10 Rome: Food and Agriculture Organization of the United Nations. 2000;464:5-10.

WHO. Health criteria other supporting information. In Guidelines for Drinking Water Quality.;vol. 2, 2nd ed.,
2000; 31-388.

NOAA. Guidelines for consumer of sea food.;vol. 2, 2nd ed., 2009;45-211.

181


https://jhr.ssu.ac.ir/article-1-295-fa.html
http://www.tcpdf.org

