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Distribution and contamination pattern of heavy metals from surface sediments in the
southern part of Caspian Sea, Iran

Abolfazl Najia* and Tooraj Sohrabib

aFaculty of Marine Science and Technology, Department of Fisheries, University of Hormozgan, Bandar Abbas, Iran; bDepartment of
Ecology, Inland Water Aquaculture Research Institute, Bandar Anzali, Iran

This study concentrates on the speciation and distribution patterns of some heavy metals (Pb, Ni, Cd, Zn, and Cu) in
surface sediments in the southern part of the Caspian Sea, the biggest lake in the world, to obtain an overall classifica-
tion for the origins of metals in the area using a sequential extraction technique. At all sampling stations, Pb, Ni, Zn,
and Cu were mostly (>50%) accumulated in the resistant fraction, which indicated that there were no significant anthro-
pogenic inputs of Pb, Ni, Zn, and Cu into the surface sediments of the south Caspian Sea. Guilan province on the west
coast of Caspian Sea accumulated higher percentages of non-resistant fractions of Pb and Zn, while Mazandaran and
Golestan provinces in the middle and western parts of the Caspian Sea, in the Iranian zone, accumulated higher percent-
ages of non-resistant fractions of Ni and Cu. The present study revealed that the coastal area of the south Caspian Sea is
still not seriously contaminated. Cadmium in Guilan and Golestan provinces were dominated by non-resistant fractions
(55–69%), which indicated more anthropogenic inputs of Cd on the south coast of the Caspian Sea in comparison with
other metals.

Keywords: trace metals; chemical speciation; surface sediment; Caspian Sea

Introduction

There are two main sources of metals that enter coastal
waters: natural sources from rock weathering within the
catchment’s area and anthropogenic sources resulting
from human activities.[1] The main aim of most contam-
ination-oriented searches and research of sediments was
to estimate whether the aquatic ecosystems have been
anthropogenically or naturally affected. Low concentra-
tions of many heavy metals occur naturally in the earth’s
crust. Large amounts of numerous heavy metals, includ-
ing toxic metals, are discharged into marine environ-
ments as contaminants from anthropogenic activities.[2]
Inappropriate and illegal disposal of industrial and
municipal waste products and ignorance of their manage-
ment can result in severe environmental problems, such
as contamination of receiving waterways and associated
sediments by heavy metals.[1]

Coastal sediments are one of several environmental
compartments in which heavy metals and organic
pollutants accumulate. Sediments represent the most
concentrated physical pools of metals in aquatic environ-
ments.[3–5] When heavy metals are released into the
water column, they may be transferred rapidly into the
sediment phase by adsorption as suspended particulate
matter, followed by sedimentation.[1] Under favorable
conditions, that is, appropriate pH, salinity, redox reac-
tions, temperature, and organic ligand concentrations,
metals in sediments can be released from a solid to a
liquid phase and have adverse effects on aquatic
biota.[6]

Studies of trace metal contamination of sediments
often rely on the analysis of total metal content. How-
ever, information about total concentration is not suffi-
cient to understand the environmental behavior of trace
metals, as only a fraction of the total metal is available
for biological processes. The form of metal available in
the sediments (distribution among substrates) is impor-
tant for determining the metal eco-toxicological risk to
biota.[7] The behavior of heavy metals is closely related
to their chemical forms, and only those with high
bioavailability can be absorbed by organisms, and then,
they can do great harm to organisms and human
beings.[8] Therefore, studies on the speciation and dis-
tribution of heavy metals in sediments could provide
information on the degree of contamination, metal
bioavailability and mobility, as well as their origin.[9]

Important aspects of the present study are as follows:
(1) To our knowledge, most studies have been done in
the northern part of the Caspian Sea, no results have yet
been reported based on the bioavailability of heavy met-
als in southern parts of the Caspian Sea; (2) there are
more than ten million people living in coastal areas of
the Caspian Sea. Their life greatly depends on the Cas-
pian Sea as a source of food, that is, cheap and healthy
protein as part of their diet. Most bioavailable fractions
of heavy metals are transferred through the food chain
via the following route: sediment – zoo benthos – ben-
thonic sarcophagi – humans. Therefore, the present study
on sediment, as one of most important compartments of
the aquatic environment, could provide baseline data for
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the environmental behavior of trace metals in order to
protect the Caspian Sea and avoid a health risk to
humans from anthropogenic contamination.

The main objectives of this study were as follows:
(1) to identify the distribution of Pb, Ni, Cd, Zn, and Cu
contamination in surface sediments of the Caspian Sea
using some pollution indices and established sediment
quality guidelines (SQG); (2) to determine the anthro-
pogenic degree, mobility, and bioavailability of Pb, Ni,
Cd, Zn, and Cu in surface sediments in order to obtain
preliminary baseline data for monitoring contamination
in the Caspian Sea.

Materials and methods

Study area

The Caspian Sea, bounded by the five littoral states of
Iran, Azerbaijan, Federation of Russia, Kazakhstan, and
Turkmenistan, is the largest inland body of water in the
world, with an average depth of 180 m and a total capac-
ity of 77,000 km3.[10] It is a landlocked sea with brack-
ish water, having a surface area of about 436,000 km2, a
length of 1,200 km, and a width of between 204 and
566 km, with an average of 330 km.[11] There are three
distinct basins: the central and southern basins are quite
deep, with maxima of 788 and 1,025 m, respectively;
however, the northern part is shallow, with an average
depth of about 5 m and a maximum depth of only 20 m.
The sea level is presently about 26 m below the level of
the world’s oceans.[11, 12] The average salinity in the
south part of the sea is 12–13 ppt.[12] About 400,000
tons of fish are caught each year by the different border-
ing countries, with sturgeon fishing especially represent-
ing 90% of the world’s catch.[12] The sea hosts about
126 different fish species of which 44 have commercial
importance.[11, 12]

Sources of pollution

As a closed environment with no outlets, various pollu-
tants from coastal catchment areas and leakage from off-
shore oil production have accumulated in the Caspian
Sea.[13] The main sources of pollution of the Caspian
natural environment are the trans-border atmospheric and
water transfer of pollutants from other regions, runoff
from river flow, discharge of untreated industrial and
agricultural waste water, municipal domestic waste water
from cities and settlements in the coastal zone, notably
the Volga River, which is the main river in the north,
and from rivers at the western border coming from the
Republic of Azerbaijan and Kazakhstan.[14] Coastal
zone settlement may be due to an insufficient number of
treatment facilities, the operation of oil and gas wells on
land and offshore, oil transportation via sea, navigation
by both rivers and sea and secondary pollution during
bottom-dredging works.[10,14,15] Due to excessive
pollution in some western Caspian Sea areas, there are

no traces of aquatic life, especially in coastal areas near
Baku Harbour (Azerbaijan) and Kazakhstan. Industrial
effluents from over 40 factories in Baku Bay have
caused serious local contamination of the area [14]
(Table 1). The ecology of the Caspian Sea, which
depends on the input and diversity of pollutants, is deter-
mined by the economic development of littoral states
and the condition of the Caspian watershed basin. On
the Iranian coastline, there are over 350 small and large
rivers flowing into the Caspian Sea.[11] All these rivers
receive raw sewage discharges from urban, industrial,
and agricultural areas. The Caspian is a non-tidal sea,
the bulk of discharged contaminants remains trapped
within its basin. Sea currents transport and circulate the
entrapped pollutants along the Iranian coast of the
Caspian Sea. The limited water exchanges with the open
sea and long-term dumping of different kinds of waste,
industrial, and municipal garbage are the main reasons
for the appearance of an anthropogenic impact in the
Caspian Sea.[16]

Sampling and storage

Randomly selected stations were established along the
south of the Caspian Sea, between 37°38′N, 49°5′E and
36°53′N, 54°02′E (Figure 1). Zero to 5 cm of surface
sediment from each station was collected using a plastic
spatula.[17] This layer is usually permanently oxidized
and thus acts as a barrier to metals migrating from dee-
per layers toward the surface and is retained by organic
matter, iron, and manganese oxides. The surface layer of
sediments controls the exchange of metals between sedi-
ments and water and constitutes a reserve of metals to
which benthic organisms are exposed. Polyethylene bags
were used to store the sediment samples. Samples were
kept in an icebox at 4 °C to reduce biochemical reac-
tions. In the laboratory, the sediment samples were kept
in a freezer at −20 °C for further analysis.

Speciation of Pb, Ni, Cd, Zn, and Cu in sediment
samples

Geochemical fractions of Pb, Ni, Cd, Zn, and Cu in sur-
face sediments were obtained using a modified sequential
extraction technique (SET) as described by Badri and
Aston [18] and Naji et al. [19] The four-fraction solution
and conditions applied were as follows:

Step 1. Easily, freely, or leachable and exchangeable
(EFLE): About 10 g of each sample was continuously
shaken for 3 h with 50 ml of 1.0 M ammonium acetate
(NH4CH3COO), pH 7.0, at room temperature.

Step 2. Acid-reducible: The residue from step 1 was
continuously shaken for 3 h with 50 ml of 0.25 M
hydroxyl ammonium chloride (NH2OH.HCl) acidified to
pH 2 with HCl at room temperature.

Step 3. Oxidisable-organic: The residue from step 2
was first oxidized with 30% H2O2 in a water bath at 90–
95 °C. After cooling down, the metal released from the
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organic complexes was continuously shaken for 3 h with
1.0 M ammonium acetate (NH4CH3COO) acidified to
pH 2.0 with HCl at room temperature.

Step 4. Resistant: The residue from step 3 was
digested in a 10 ml combination (ratio of 4:1) of concen-
trated HNO3 (AnalaRgrade, R&M Chemicals 65%) and
HClO4 (AnalaR grade, R&M Chemicals 70%).

The residue used for each fraction was weighed
before carrying out the next fractionation. The residue
was washed with 20 ml of DDW. It was filtered through
a Whatman No.1 filter paper. The supernatant liquid of
each fraction after filtration was stored for metal deter-
mination, except fraction 1 that was sensitive and had to
be analyzed immediately to minimize any loss of volatile

elements. For each fraction of the sequential extraction
procedure, a blank using the same procedure was
employed to ensure that the samples and chemicals used
were free of metal contaminants.

Determination of Pb, Ni, Cd, Zn, and Cu and total
organic carbon

After filtration, the samples were determined for Pb, Ni,
Cd, Zn, and Cu using an air-acetylene flame atomic
absorption spectrophotometer (FAAS, Perkin-Elmer
Model AAnalyst 800). The data are presented in μg/g
dw. Multiple-level calibration standards were analyzed to
generate calibration curves against which sample

Table 1. Positions and descriptions of sampling sites for coastal sediments collected from the southern part of Caspian Sea.

No. Station Latitude Longitude Designation

1 Astara 38°26′ 48°52′ Industrial effluents from over 40 factories from Azerbaijan, Urban, Tourism
2 Parasar 37°38′ 49°05′ Wood industry, Urban
3 Anzali 37°28′ 49°27′ Urban, port, fishery, discharge from lagoon, industrial activity, such as nylon and polyester,

paints, varnishes and medicines, iron and steel processing
4 Kiashahr 37°26′ 58°75′ Urban, port, dairy products
5 Chamkhale 37°12′ 50°16′ Refinery, urban, industrial activity such as carpet industry and soap processing
6 Chaboksar 36°59′ 50°32′ Agriculture, aquaculture
7 Vazivar 36°34′ 51°54′ Urban, tourism
8 Noshahr 36°39′ 51°30′ Recreational area, urban, port, agriculture, industrial area
9 Neka 36°39′ 53°18′ Wood industry, urban, oil refinery, electrical power plant
10 Babolsar 36°42′ 52°39′ Tourism, urban, industries of food, paper, and plastics
11 Khazarabad 36°48′ 53°6′ Tourism, urban, food products, basic chemicals industry
12 Goharbaran 36°47′ 53°56′ Tourism, urban, power plant, agriculture
13 Bandar

Gaz
36°47′ 53°56′ Port, urban, agriculture

14 Bandar
Torkman

36°53′ 54°02′ Agriculture, urban, animal husbandry, fishery, tourism

Caspian Sea

Tehran

Caspian Sea

Mazandaran

Guilan

G
ol

es
ta

n

Figure 1. Sampling locations along the southern coastline of the Caspian Sea.
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concentrations were calculated. To avoid any possible
contamination, all glassware in the experiment was
previously acid-washed, and the percentage of recovery
of metals in the samples was analyzed. The wavelengths
used were 228.8, 213.9, 232.0, 324.8, and 283.3 for Cd,
Zn, Ni, Cu, and Pb, respectively. The detection limits of
the studied metals were calculated based on the IUPAC
detection limit. Moreover, the detection limits of the
FAAS for Cd, Zn, Ni, Cu, and Pb were 0.009, 0.007,
0.003, 0.01, and 0.009 mg/L, respectively. Concentra-
tions of organic matter (loss on ignition, 8 h, 550 °C)
were used to estimate the total organic carbon (TOM)
following the specific procedure of Tam and Wong.[20]

Quality control

To avoid uncertain contamination, all laboratory equip-
ments were washed with detergent, double rinsed with
distilled water and left in 10% HNO3 for 24 h and all
equipment was then rinsed twice with double-distilled
water and left semi-closed to dry at room temperature.
Certified reference material (CRM) (International Atomic
Energy Agency, Soil-5, Vienna, Austria) was determined
as a precision check. About 1 g of CRM was weighed
and placed in a hot-block digester and digested in a
10 ml combination (ratio of 4:1) of concentrated HNO3

(AnalaRgrade, R&M Chemicals 65%) and HClO4 (Ana-
laR grade, R&M Chemicals 70%), first at low tempera-
ture (40 °C) for 1 h and then at 140 °C for at least
3 h.[21] The digested samples were diluted with double-
distilled water. The sample was then filtered through
Whatman No.1 filter paper, and the filtrate was stored in
80-ml polypropylene bottles until metal determination.
The concentrations of Cd, Zn, Ni, Cu, and Pb in the
CRM samples were determined by FAAS. Percentages
of recovery (n = 3 for each metal) for certified and mea-
sured concentration of those metals ranged from 95% for
Cu to 108% for Cd (Table 2). Calibration curves for
each trace element were determined with 1,000 mg/l
(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 program.

Sediment quality assessment

Numerical SQGs were used to estimate the possible
environmental consequences of the analyzed metals at

the study sites and to conduct ecological risk assess-
ments. Concentrations of the metals studied were com-
pared to the SQG of the effect range low (ERL: lower
10th percentile of the effects data) and the effect range
median (ERM: the median, 50th percentile of the effects
data) in marine and estuarine sediments.[22] For chemi-
cal concentrations of less than the ERL, rare adverse bio-
logical effects are expected. For those between the ERL
and ERM, occasionally adverse biological effects are
expected and for concentrations higher than the ERM,
frequently adverse effects are expected.[22]

Individual and global contamination factors

Determination of metal contamination is one of the most
important aspects to reduce and control pollution in the
aquatic ecosystem. The bioavailability and toxicity of
metals depend on their type of chemical form. Deter-
mination of the contamination factor of metals is an
important aspect that indicates the degree of risk from
heavy metals to the environment in relation to their
retention time.[19,23,24] Individual contamination fac-
tors (ICF) for the sampling stations were calculated from
the results of the speciation study by dividing the sum of
the first three extractions (i.e. exchangeable, acid-re-
ducible, and oxidisable-organic forms) by the residual
fraction for each site. The global contamination factor
(GCF) for each site was calculated by summing the ICF
obtained for the metals studied at each site.[23] The ICF
and GCF were measured for each station using the
following equation:

ICFmetal ¼ Cnonresistant

Cresistant

GCF ¼
Xn

i¼1

CFi

Statistical analysis

All statistical analyses were computed using Statistical
Package for Social Science (SPSS) version 16. Pearson’s
correlation analysis was applied to test the relationship
between the heavy metals analyzed. Graphs were drawn
with Microsoft Excel for Windows.

Table 2. Measured and certified concentrations of International Atomic Energy Agency, Soil-5, Vienna, Austria. (Mean ± SD;
n = 5).

Element Measured concentration (μg/g) Certified concentration (μg/g) Percentage of recovery (%)

Cd 1.62 ± 0.05 1.5 ± 0.06 108
Zn 359.9 ± 2.1 368 ± 3.2 98
Ni 12.75 ± 0.09 13 ± 0.3 98
Cu 73.09 ± 0.8 77.1 ± 1.2 95
Pb 24.6 ± 0.2 25.7 ± 0.6 96
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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. All statistical significances were con-
sidered at p < 0.05. A Kolmogorov–Smirnov test was
performed to analyze the normality of the data distribu-
tion. Non-parametric statistical tests were used for data
analysis if the data were not normally distributed.

Results and discussion

Speciation of heavy metals in surface sediments

The EFLE fractions for Pb, Ni, Cd, Zn, and Cu ranged
from 0.36 to 1.14 μg/g, 1.07 to 1.81 μg/g, 0.01 to
0.17 μg/g, 0.36 to 1.53 μg/g, 0.03 to 1.37 μg/g, respec-
tively, (Table 3). The highest concentrations of EFLE frac-
tions for Pb, Ni, Cd, Zn, and Cu were found in Parasar
(1.14 ± 0.03 μg/g dry weight), Astara (1.81 ± 0.07 μg/g
dry weight), Bandar Gaz (0.17 ± 0.005 μg/g dry weight),
and Astara (1.53 ± 0.2 μg/g dry weight). Bandar Torkman
(1.28 ± 0.05 μg/g dry weight) and Kiashahr (14.39
± 0.55 μg/g dry weight), respectively. The highest EFLE
fraction concentration of heavy metals (Pb, Ni, Cd, Zn,
and Cu) was recorded in Guilan province in the western
Caspian Sea, in comparison with other provinces (Mazan-
daran and Golestan). The EFLE fraction contributed only
a small portion of the total concentration of Pb, Ni, Cd,
Zn, and Cu in sediments from all stations, suggesting poor
bioavailability of these metals. The percentage of the
EFLE fraction was very low when compared to other frac-
tions. This fraction might be a model for what is
“bioavailable” to sediment-ingesting animals and the biota
of overlying water such as fish.[7,25]

The acid-reducible fractions ranged from 1.27 to
3.61 μg/g, 1.03 to 3.48 μg/g, 0.03 to 0.08 μg/g, 0.55 to
2.50 μg/g, and 0.12 to 0.95 μg/g for Pb, Ni, Cd, Zn, and
Cu, respectively, (Table 4). Bandar Torkman recorded
the highest concentrations of acid-reducible fractions for
Pb, Ni, and Cu (3.61 ± 0.14, 3.48 ± 0.14, and 0.95
± 0.03 μg/g dw, respectively). Meanwhile, Astara in the
western Caspian Sea recorded the highest concentrations
of Cd and Zn (0.08 ± 0.01 and 2.50 ± 0.11 μg/g dw,
respectively). The percentages of acid-reducible fractions
for all metals were also low indicating that the affinities
of these metals in the acid-reducible fractions of sedi-
ments were also low. According to Calmano and
Frostner [26] a reducing condition is mainly caused by
the decomposition of organic matter that is mediated by
microorganisms. This finding is still comparable to previ-
ous studies on the west coast of Peninsular Malaysia
which found 3–17% of the total fraction and 10–30% in
Chile.[7,28] Less than 20% of the metals in the sediment
were in the acid-reducible fraction, and therefore, as
mentioned by Yap et al. [27] this fraction was not
considered a major binding portion for metals in
sediments.

The oxidisable-organic fractions ranged from 2.54 to
9.50, 2.35 to 8.19, 0.21 to 0.55, 2.61 to 8.90, and 1.05
to 7.45, for Pb, Ni, Cd, Zn, and Cu, respectively.
According to Table 5, Bandar Torkman found the highest
concentrations of oxidisable-organic for Ni and Cu
(8.19 ± 0.17 and 7.45 ± 0.32 μg/g dw, respectively). The
highest concentrations for the oxidisable-organic fraction
of Cd (0.55 ± 0.02) and Zn (6.45 ± 0.19) were found in
the western Caspian Sea in the Astara area. The higher
percentage of organically bound Pb found in the present
study could be due to physicochemical properties of the
sediments. The higher percentage probably indicates that
these areas have received more anthropogenic inputs of
metals.[29] According to Sadiq [30] Cd adsorption in the
marine sediment is probably mixed up by organic matter
and the carbonate surface and also strongly influenced
by their respective chemistries. The high concentrations
for oxidisable-organic fractions for Zn and Cu indicate
that their adsorption was mainly involved in organic mat-
ter.[31] It might be due to the high affinities of these
metals for humic substances, which are fractions of
organic matter and chemically very active in complex
elements such as heavy metals. Moreover, heavy metals
may be associated with various forms of organic mate-
rials, such as living organisms, detritus, or the coating
on mineral particles.[32]

The resistant fractions for Pb, Ni, Cd, Zn, and Cu ran-
ged from 11.54 to 24.60 μg/g dw, 14.76 to 65.87 μg/g
dw, 0.23 to 0.53 μg/g dw, 38.35 to 91.24 μg/g dw, and
7.80 to 31.55 μg/g dw, respectively (Table 6). The highest
concentrations of the resistant fractions of Ni (65.87
± 0.32), Cd (0.53 ± 0.06), Zn (91.24 ± 0.51), and Cu
(31.55 ± 1.26) were recorded in Golestan province in the
eastern Caspian Sea, while Neka in the middle of the
Caspian area showed a high concentration of oxidisable-
organic fraction of Pb (24.60 ± 0.56). The resistant
fractions of Pb, Ni, Zn, and Cu (but not Cd) in coastal
surface sediments in the southern Caspian Sea accounted
for more than 50% of the total amount of metals, indicat-
ing that Caspian coastal sediments are not heavily con-
taminated. The resistant fractions of these metals in the
sediments were probably due to natural sources such as
chemical weathering of igneous and metamorphic rocks,
as well as the decomposition of biota detritus. These
metals, originating from non-anthropogenic inputs, were
considered to be trapped within silicate minerals, and
incorporated into the crystalline lattice positions of
minerals.[18,27]

Comparison of non-resistant and resistant fraction
between stations

The mathematical summation of EFLE, acid-reducible
and oxidisable-organic fractions constitutes the non-resis-
tant fraction (non-lithogenous).[18] The non-resistant
fractions (the sum of fractions 1, 2, and 3) found in sur-
face sediments are an ecotoxicological concern. Besides
posing a threat to living organisms, these non-resistant
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fractions are most likely due to anthropogenic inputs
rather than having natural origins.[33] The first fractions
are potentially toxic for organisms because they are
removed and used by organisms, while fractions 2 and 3
can be solubilized depending upon their physical and
chemical parameters, such as pH, oxygen content, and
bacterial activity.[34] Assuming that bioavailability is
related to solubility, then metal bioavailability decreases
in the order of exchangeable forms > acid reduction
forms > organic forms > residual forms.[23,24,35] The
residual phase represents metals largely embedded in the
crystal lattice of the sediment fraction and should not be
available for remobilization except under very harsh
conditions.[23]

Figure 2 compares non-resistant with resistant frac-
tions in the surface sediments of the southern part of
the Caspian Sea. The non-resistant fraction accounted
for 23.94–47.91% of Pb, 9.52–31.17% of Ni, 42.45–
69.75% of Cd, 3.38–21.57% of Zn, and 6.64–27.28%
of Cu at 14 stations. The resistant fraction accounted
for 52.09–76.06%, 68.83–90.48%, 30.67–57.52%,
78.43–96.17%, and 72.72–93.36% of Pb, Ni, Cd, Zn,
and Cu, respectively. All the metal concentrations in the
sediments at 14 sampling stations (Pb, Ni, Zn, and Cu),
except for Cd, were dominated by resistant fractions.
The non-resistant fractions were lower than the resistant
fractions across the whole study, which indicates no
significant anthropogenic inputs of Pb, Ni, Zn, and Cu
to the surface sediments of the south Caspian Sea. The
findings for resistant and non-resistant geochemical frac-
tions in the surface sediments at the different sampling
stations of the present study generally showed that

sources of Cd in surface sediments of the south Caspian
Sea mainly came from anthropogenic sources. This was
indicated by the higher percentages of non-resistant Cd
compared to resistant Cd. Non-resistant Cd contributed
50 to 70% of the total concentrations in sediments from
Spain [34] 57% in sediments from the Suez Canal,[36]
50–70% in sediments from Singapore,[29] and 82% in
sediments from the Yangtze estuary, China.[37] The
dominance of residual or resistant fractions of heavy
metals is probably due to the low levels of total metals
in sediments.[38] Similarly, Davidson et al. [39] men-
tion that sediments are relatively unpolluted. Metals in
this form (resistant) are not soluble under experimental
conditions and may therefore be considered to be tightly
bound.[40] The higher percentages of resistance in com-
parison with non-resistant geochemical fractions for Pb,
Ni, Zn, and Cu suggest that the sources of these metals
in surface sediments come mainly from geological
processes under natural field conditions. The resistant
fractions of Pb, Ni, Zn, and Cu were probably due to
natural sources, such as the chemical weathering of
indigenous and metamorphic rocks and the decomposition
of biota detritus.[18] The high concentrations of Pb, Ni,
Zn, and Cu in the residual fractions may also indicate that
these metals were less mobile than Cd. This ability, there-
fore, makes them (Pb, Ni, Zn, and Cu) less bioavailable
for uptake by organisms.[38] The levels of non-resistant
fractions of the metals examined in the present study
might be due to sea currents. Overall, speciation of the all
metals studied in the surface sediments of the Caspian Sea
was in the order of residual > oxidisable-organic > -
acid-reducible > exchangeable.
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Figure 2. Percentages (%) of resistant and non-resistant fractions of metals from 14 stations in the southern part of Caspian Sea.
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Relation between oxidation-organic (fraction 3) and
TOM

The TOM content of sediment samples was measured at
14 stations. The TOC varied between 1.2 and 3.9, with
high values in the west and east parts and lower concen-
trations in the middle part of the study area. It has been
widely reported [19,41,42] that there is heavy metals
uptake by the organic carbon content of sediments.
Organic content is recognized as a useful tool to obtain
quantitative and qualitative information from both abso-
lute values and variation trends; it comes from natural
and anthropogenic sources, and even if it is not directly
responsible for dangers to human health,[19] particulate
organic materials have a high cation exchange capacity
and strongly sequester metal ions.[7]

A relationship between concentrations of Pb, Ni, Cd,
Zn, and Cu in the oxidation-organic fraction with TOM
in surface sediments of the Caspian Sea was identified.
The results showed that there was a significant and posi-
tive linear correlation between Cu (r2 = 0.45, p < 0.05)
and TOM. The correlations of the rest of metals were
positive but not statistically significant (p > 0.05). TOM
had a positive function that was complex, involving Cu,
in surface sediments of the Caspian Sea. Organic matter
is a most significant sink for Cu in sediments.[43] Cu in
the oxidisable-organic fraction is associated with bio-
genic carriers, which settle through the water col-
umn.[44,45] The number and intensity of binding sites
vary among types of organic matter. Some types of
organic material have a few sites per unit surface (e.g.,
lignins) and others have many (e.g., humic and fulvic
acids). The intensity of complexation also appears to
vary progressively with metal concentration, with
high-intensity sites being filled first, followed by sites of
progressively lower intensity.[7] Clay colloid reveals a
significant trend for adsorbing organic matter, and the
concentration increases as the average grain size
decreases,[46] whereas entire of stations were dominated
by sand particles. This could therefore be for reasons
suggested in this study, as there was no significant posi-
tive correlation between the metals studied in the oxida-
tion-organic fraction and TOM. Some characteristics of
sediments, such as pH, redox reactions, and chemical
forms of the metals in a binding capacity, which control
the solubility, availability, and mobility of metals, are
also important.[19]

Correlation of heavy metals between fractions

According to Rubio et al. [47] a simple correlation sta-
tistical analysis can be performed in order to explore the
possible association existing between different variables
of metals. From Table 7, most metals were strongly and
positively correlated. Significant correlations (p < 0.01)
were found in the total concentrations between Pb and
Cd (r = 0.5), Pb and Cu (r = 0.4), Ni and Cd (r = 0.74),
Ni and Zn (r = 0.76), Cd and Zn (r = 0.68), Cd and Cu

(r = 0.65), and Zn and Cu (r = 0.7). Similar results have
been observed previously [48] and were related to a
similar source and distribution pattern of these metals.
Soto-Jiménez et al. [49] indicate that these metals are
bioavailable simultaneously and also indicate a common
source of metal contamination. On the other hand, this
might be due to similar uptake and release mechanisms
by organisms living in or overlying the sediments [50].
According to previous studies, Pb, Cu, and Zn are posi-
tively correlated among these metals, suggesting a com-
mon origin for these metals in the study area.[51,52] The
correlation between total metals with resistant fractions
might also be used to estimate the degree of natural ori-
gin of the metals analyzed (Table 7). The resistant frac-
tion of Pb did not significantly correlate to the total
concentrations of other metals, except for total Pb
(r = 0.614** p < 0.01). The resistant fractions of Ni also
correlated significantly to the total concentrations of Ni,
Cd, and Zn (r = 0.846**, 0.537**, and 0.751**,
p < 0.01, respectively). The resistant fraction of Zn
correlated significantly to the total concentrations of Ni,
Cd, and Zn (r = 0.625**, 0.470**, 0.785**, p < 0.01,
respectively). Meanwhile, the resistant fractions of Cd
and Cu correlated significantly (p < 0.01) to Pb, Ni, Cd,
Zn, and Cu. Total Cd and Ni correlated strongly
(p < 0.01) to naturally occurring Pb, Ni, Cd, Zn, and Cu.
Moreover, total Cd and Ni also correlated strongly to
anthropogenic Pb, Ni, Cd, Zn, and Cu. This indicates
that when total Cd and Ni concentrations are elevated in
the sediment, this is mostly due to both anthropogenic
and naturally occurring Pb, Ni, Cd, Zn, and Cu. Total Pb
was strongly related to resistant Pb (r = 0.614, p < 0.01)
and non-resistant Pb (r = 0.659, p < 0.01). Similarly, for
Cu, when total Cu correlated strongly (r = 0.909,
p < 0.01) with naturally occurring (resistant) Cu, total Cu
also correlated strongly (r = 0.816, p < 0.01) with
anthropogenic Cu. This indicates that when Pb and Cu
concentrations are elevated in the sediment, this is
mostly due to both Pb and Cu of natural origin and from
anthropogenic sources.

Contamination assessment

The individual and GCFs for Pb, Ni, Cd, Zn, and Cu in
surface sediments of the Caspian Sea are shown in
Table 8. The highest levels of ICF for Pb and Ni were
found at sites 1, 2, and 7. The highest levels of ICF for
zinc were found at sites 1, 2, and 3. The highest levels
of ICF for copper were measured at sites 1, 13, and 14.
The highest levels of cadmium were identified at sites 4,
6, 7, 8, and 13. ICF reflects the risk of contamination to
a water body by a contaminant.[19,23] The differences
between contamination factors in the sediments of differ-
ent stations might be related to physicochemical parame-
ters which control the rate of adsorption and desorption
of heavy metals,[2] and also sea currents. The highest
risk from the metals studied was computed at stations
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1, 2, and 7. Average ICF values in surface sediments at
the sampling stations were ranged in the order
Cd > Pb > Ni > Cu ≈ Zn.

The GCF analyzed from ICF values determined that
the western and middle sections of the southern part of the
Caspian Sea were highly affected by metal pollutants. The
result shows that those stations close to the berth line,
highly populated and industrialized areas, posed a high
potential risk to the Caspian Sea. The tendency of trace
metals is to accumulate in sediments, and contamination
from each source tends to be localized in a hotspot near
the input, and then, this is dispersed regionally in lower
concentrations.[7] Hence, the results obtained during this
investigation show that the stations located in the vicinity
of a municipal area pose a high potential risk to the fauna
and flora of the Caspian Sea environment. The GCF value
is significant because it reflects the overall potential risk
posed by toxic elements.[23]

Comparison with previously reported studies

Table 9 shows a comparison of data reported by this
study with the results of other researchers for marine
sediments. Pb concentrations were higher than Caspian
Sea regions in Kazakhstan,[14] Russia,[14] Azerbaijan,
[14] the Persian Gulf, Bahrain [53] and Uluabata Lake,
Turkey.[54] However, they are still much lower than in
the northern part of the Persian Gulf.[55] Concentrations
of Ni were also comparable or lower than some reported
values, but higher than samples from the west coast of
Malaysia,[56] the southwest coast of Spain [34] Caspian
Sea regions in Kazakhstan,[14] Russia,[14] Azerbaijan,
[14] the Dumai coast, Indonesia [57] and the Persian
Gulf, Bahrain.[53] Cd concentrations were found to be
still within the range found in other studies, but were
higher than the Caspian Sea regions in Kazakhstan,[14]
Russia,[14] Azerbaijan,[14] coastal sediments in India,
[58] or Uluabat Lake, Turkey.[54]

Zn concentrations were still within the range found
off the west coast of Malaysia [56] or Kaoshiung
Harbour, Taiwan,[59] but lower than in the Caspian Sea,
Azerbaijan,[14] Sandy area, Chile,[28] or Kaohsiung
Harbour, Taiwan.[59]

Cu concentrations were comparable or even much
lower than concentrations reported in other geographical
areas, but higher than samples from Caspian Sea regions
in Kazakhstan,[14] Russia,[14] or Uluabat Lake,
Turkey.[54]

Comparison with SQGs

In the present study, the concentrations of heavy metals
were compared with ERL and ERM values to estimate the
possible toxic effects of heavy metals at different stations.
The results of the present study showed that Ni was dis-
tributed between the < ERL (7.1%), ERL-ERM (71.4%),
and > ERM (21.43%). Ni at stations 3, 13, and 14, which

Table 8. Individual and GCFs of Pb, Ni, Cd, Zn, and Cu in
the southern part of Caspian Sea.

Stations
ICF

GCF
Pb Ni Cd Zn Cu

Astara 0.75 0.28 0.70 0.27 0.22 2.22
Parasar 0.83 0.31 0.97 0.19 0.11 2.42
Anzali 0.43 0.14 0.75 0.19 0.11 1.62
Kia 0.33 0.20 1.13 0.09 0.15 1.90
Cahmkhaleh 0.32 0.18 0.65 0.08 0.14 1.38
Chaboksar 0.32 0.36 1.28 0.09 0.11 2.17
Vazivar 0.88 0.45 1.08 0.09 0.12 2.62
Noshahr 0.58 0.22 1.34 0.08 0.20 2.42
Neka 0.49 0.18 0.81 0.07 0.17 1.72
Babolsar 0.70 0.20 0.69 0.09 0.17 1.85
Khazar Abad 0.68 0.45 0.51 0.11 0.14 1.88
Gohar 0.70 0.27 0.43 0.08 0.07 1.55
Bandar Gaz 0.48 0.11 1.02 0.04 0.38 2.02
Bandar Torkman 0.66 0.20 0.62 0.07 0.31 1.86

Table 9. Comparison of heavy metals in surface sediments of the Caspian Sea with previously reported studies.

Location Pb Ni Cd Zn Cu Reference

The west coast of Malaysia 3.59–25.36 – 0.1–1.42 4.00–79.05 0.25–13.80 Yap et al. [27,56]
Izmit Bay, Turkey 23.80–178 38.40–70.7 3.3–8.9 500–1190 60.6–139 Pekey [41]
Southwest coast of Spain 20–197 10–61 0.19–2.5 141–649 41–336 Morillo et al. [34]
Caspian Sea, Azerbaijan 19.6 34.5–68 0.14 83.2 31.9 De Mora et al. [14]
Caspian Sea, Kazakhstan 5.75 1.8–54.8 0.05 11.1 6.4 De Mora et al. [14]
Caspian Sea, Russia 4.19 5.42–34.2 0.06 17.1 8.3 De Mora et al. [14]
Caspian Sea, Iran 18.00 29.4–67.8 0.16 85.3 34.7 De Mora et al. [14]
Persian Gulf, northern part 90.48 2.89 Pourang et al. [55]
Uluabat Lake, Turkey 1.42 0.078 0.75 Barlas et al. [54]
Sandy area, Chile 9.47–18.50 5.67–13.6 0.8–1.09 55.30–519 1259–1896 Ramirez et al. [28]
Kaohsiung Harbour, Taiwan 9.5–470 – 0.1–6.8 52–1369 5–946 Chen et al. [59]
Dumai coast, Indonesia 14.63–84.90 7.26–19.97 0.46–1.89 31.49–87.11 1.61–13.48 Amin et al. [57]
Persian Gulf, Bahrain 12.3 0.4 9.6 ROPME [53]
Coastal sediments, India 13.7–24.9 26.5–44.5 0.1–0.2 26–162 21.5–64.1 Reddy et al. [58]
South Caspian Sea, Iran 13.06–33.48 18.01–69.63 0.62–1.5 30.11–87.88 5.86–38.89 Present study
*ERL 47 21 1.2 150 34 Long et al. [22]
**ERM 218 52 9.6 410 270 Long et al. [22]

*ERL = effect range Low, dry weight.
**ERM = effect range median, dry weight.
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are located in industrialized areas, showed frequent adverse
effects that were expected. Cd was distributed between
the < ERL (92.85%) and ERL-ERM (7.15%), whereas Cu
was distributed between the < ERL and ERL-ERM ranges
(14.28% and 85.72%, respectively). Finally, 100% of Zn
and Pb concentrations were distributed in the first
concentration range (<ERL). Overall, none of the metal
concentrations (except for Ni at stations of 3, 13, and 14) in
these sediments were as high as ERM values. Therefore,
frequent adverse effects were not expected (Table 9).

Conclusion

What is important is that the Caspian Sea is a shared
water body surrounded by countries that potentially affect
the aquatic environment. This is due to the Caspian Sea
currents and the influence of uncontrolled pollution in the
area. Sediment quality assessment revealed that the
potential toxicity of the marine environment could not
cause adverse biological effects on the biota directly. The
levels of trace metals in the surface sediments did not
show severe enrichment. Nevertheless, it is still strongly
recommended that further investigations and ongoing
monitoring focus on heavy metals contamination in order
to assess the long-term effects of anthropogenic discharge
into the Caspian Sea ecosystem. These results will help
facilitate the development of new strategies for the con-
trol of contamination in the Caspian Sea.

Disclosure statement

The present study was the first study of anthropogenic
assessment of some metals in southern part of Caspian
Sea. The result showed the health situation of the area.
And also, such this kind of data will answer those ques-
tions of people who are concerning about their health
and environment.

Notes on contributors
Abolfazl Naji completed his PhD thesis from univeriti Putra
Malaysia in 2012. After that, he worked in University of
Hormozgan as an assistant professor. He has authored and co-
authored over 15 peer-reviewed journal publications. His research
interest is ecotoxicology. And also, his current research topic is
related to non-materials and their effect on aquatic environment.

Tooraj Sohrabi graduated from universiti Putra Malaysia in 2013.
After that, he worked in Institute of Inland Water Aquatic
Research. He has authored and co-authored of several reputed
journals. His interests are aquaculture and ecotoxicology.

References
[1] Abrahim GMS, Parker RJ, Nichol SL. Distribution and

assessment of sediment toxicity in Tamaki Estuary, Auckland,
New Zealand. Environ. Geol. 2007;52:1315–1323.

[2] Tavakoly Sany, SB, Salleh A, Sulaiman, A, Sasekumar A,
Rezayi, M, Tehrani, GM. Heavy metal contamination in
water and sediment of the Port Klang coastal area, Selangor,
Malaysia. Environ. Earth. Sci. 2012;69:2013–2025.
doi:10.1007/s12665-015-4122-3.

[3] Clements WH. Community responses of stream organisms
to heavy metals: a review of observational and experimental
approaches. In: Metal ecotoxicology: concepts and applica-
tions. Chelsea, MI: Lewis Publishers; 1991. p. 363–391.

[4] Naji A, Ismail A. Sediment quality assessment of Klang
Estuary, Malaysia. Aqua. Ecosyst. Health Manage.
2012;15:287–293.

[5] Naji A, Ismail A. Metals fractionation and evaluation of
their risk connected with urban and industrial influx in the
Klang River surface sediments, Malaysia. Environ. Asia.
2012;5:17–25.

[6] Tolosa I, de Mora S, Sheikholeslami MR, Villeneuve J-P,
Bartocci J, Cattini C. Aliphatic and aromatic hydrocarbons
in coastal caspian Sea sediments. Mar. Pollut. Bull.
2004;48:44–60.

[7] Luoma SN, Rainbow PS. Metal contamination in aquatic
environments. New York (NY): Cambridge University
Press; 2008.

[8] Burton E, Phillips I, Hawker D. Trace metal distribution
and enrichment in benthic, estuarine sediments: Southport
Broadwater, Australia. Environ. Geochem. Health.
2005;27:369–383.

[9] Tack F, Verloo M. Chemical speciation and fractionation
in soil and sediment heavy metal analysis: a review. Int. J.
Environ. Anal. Chem. 1995;59:225–238.

[10] Kosarev, AYablonskaya, E (1994). The Caspian Sea. The
Hague: SPB Academic, p. 259.

[11] Agah H, Leermakers M, Elskens M, Fatemi SMR,
Baeyens W. Total mercury and methyl mercury concentra-
tions in Fish from the Persian Gulf and the Caspian Sea.
Water Air Soil Pollut. 2007;181:95–105. doi:10.1007/
s11270-006-9281-0.

[12] Clark R. Marine Pollution. Oxford: Oxford University
Press; 1992.

[13] Karpinsky M. Aspects of the Caspian Sea benthic ecosys-
tem. Mar. Pollut. Bull. 1992;24:384–389.

[14] De Mora S, Sheikholeslami MR, Wyse E, Azemard S, Cassi
R. An assessment of metal contamination in coastal sedi-
ments of the Caspian Sea. Mar. Pollut. Bull. 2004;48:61–77.

[15] Kosarev AN, Gyul, AK. Pollution of the Caspian Sea. In:
Assessment of environmental stress in European Russia.
Moscow: MGU; 1966. p. 141.

[16] Korshenko A, Gul A. Pollution of the Caspian Sea. The
Caspian Sea Environment. 2005;5p:109–142. doi:10.1007/
698_5_006.

[17] Villares RN, Puente XN, Carballeira A. Heavy metals in
sandy sediments of the Rias Baixas (NW Spain). Environ.
Monit. Assess. 2003;83:129–144.

[18] Badri MA, Aston SR. Observations on heavy metal geo-
chemical associations in polluted and non-polluted estuar-
ine sediments. Environ. Pollut. Ser. B, Chem. Phys.
1983;6:181–193.

[19] Naji A, Ismail A, Ismail AR. Chemical speciation and con-
tamination assessment of Zn and Cd by sequential extraction
in surface sediment of Klang River, Malaysia. Microchem. J.
2010;95:285–292. doi:10.1016/j.microc.2009.12.015.

[20] Tam N, Wong Y. Spatial variation of heavy metals in sur-
face sediments of Hong Kong mangrove swamps. Envi-
ron. Pollut. 2000;110:195–205.

[21] Ismail A. Heavy metal concentrations in sediments off
Bintulu, Malaysia. Mar. Pollut. Bull. 1993;26:706–707.

[22] Long ER, MacDonald DD. Recommended uses of empiri-
cally derived, sediment quality guidelines for marine and
estuarine ecosystems. Human Ecol. Risk Assess.
1998;4:1019–1039.

[23] Ikem A, Egiebor NO, Nyavor K. Trace elements in water,
fish and sediment from Tuskegee Lake, Southeastern
USA. Water, Air, Soil Pollut. 2003;149:51–75. doi:10.
1023/a:1025694315763.

42 A. Naji and T. Sohrabi

http://dx.doi.org/10.1007/s12665-015-4122-3
http://dx.doi.org/10.1007/s11270-006-9281-0
http://dx.doi.org/10.1007/s11270-006-9281-0
http://dx.doi.org/10.1007/698_5_006
http://dx.doi.org/10.1007/698_5_006
http://dx.doi.org/10.1016/j.microc.2009.12.015
http://dx.doi.org/10. 1023/a:1025694315763
http://dx.doi.org/10. 1023/a:1025694315763


[24] Nemati K, Bakar NK, Abas MR. Investigation of heavy
metals mobility in shrimp aquaculture sludge–Comparison
of two sequential extraction procedures. Microchem. J.
2009;91:227–231. doi:10.1016/j.microc.2008.12.001.

[25] Jenne, EALuoma, SN (1977). Forms of trace metals
Forms in soils, sediments and associated waters: an over-
view of their determination and biological availability. In:
R Wildung H Druker, editors. Biological implications of
metals in the environment, ERDA symposium series 42.
Oak Ridge. Energy Research and Development Adminis-
tration, p. 110–143.

[26] Calmano W, Förstner, U. Chemical extraction of heavy
metals in polluted river sediments in central Europe. Sci.
Tot. Environ. 1983;28:77–88.

[27] Yap CK, Ismail A, Tan SG, Omar H. Concentrations of
Cu and Pb in the offshore and intertidal sediments of the
west coast of Peninsular Malaysia. Environ. Int.
2002;28:467–479.

[28] Ramirez M, Massolo S, Frache R, Correa JA. Metal
speciation and environmental impact on sandy beaches
due to El Salvador copper mine, Chile. Mar. Pollut. Bull.
2005;50:62–72. doi:10.1016/j.marpolbul.2004.08.010.

[29] Cuong D, Obbard J. Metal speciation in coastal marine
sediments from Singapore using a modified BCR-
sequential extraction procedure. Appl. Geochem. 2006;21:
1335–1346.

[30] Sadiq M. Toxic metal chemistry in marine environments.
New York: Marcel Dekker. 1992;3:204–208.

[31] Ismail A, Safahieh A. Copper and zinc in intertidal sur-
face sediment and Telescopium telescopium from Lukut
River, Malaysia. Coast. Mar. Sci. 2005;29:111–115.

[32] Tokalioglu S, Kartal S, Elci L. Speciation and determina-
tion of heavy metals in Lake Waters by atomic absorption
spectrometry after sorption on amberlite XAD-16 resin.
Anal. Sci. 2000;16:1169–1174.

[33] Tessier A, Campbell P. Partitioning of trace metals in sedi-
ments: Relationships with bioavailability. Hydrobiologia.
1987;149:43–52.

[34] Morillo J, Usero J, Gracia I. Heavy metal distribution in
marine sediments from the southwest coast of Spain.
Chemosphere. 2004;55:431–442. doi:10.1016/j.chemo-
sphere.2003.10.047.

[35] Ma LQ, Rao GN. Chemical Fractionation of Cadmium,
Copper, Nickel, and Zinc in Contaminated Soils. J. Envi-
ron. Quality. 1997;26:259–264.

[36] Abd El-Azim H, El-Moselhy KM. Determination and
partitioning of metals in sediments along the Suez Canal
by sequential extraction. J. Mar. Syst. 2005;56:363–374.

[37] Fang T, Hsiao S, Chen H. Trace metals in seawater and
copepods in the ocean outfall area off the northern Taiwan
coast. Mar. Environ. Res. 2006;61:224–243.

[38] Li X, Shen Z, Wai OWH, Li YS. Chemical Forms of Pb,
Zn and Cu in the sediment profiles of the Pearl River
Estuary. Mar. Pollut. Bull. 2001;42:215–223.

[39] Davidson CM, Thomas RP, McVey SE, Perala R, Littlejohn
D, Ure AM. Evaluation of a sequential extraction procedure
for the speciation of heavy metals in sediments. Anal.
Chim. Acta. 1994;291:277–286.

[40] Singh KP, Mohan D, Singh VK, Malik A. Studies on dis-
tribution and fractionation of heavy metals in Gomti river
sediments—a tributary of the Ganges, India. J. Hydrol.
2005;312:14–27. doi:10.1016/j.jhydrol.2005.01.021.

[41] Pekey HW. Heavy metal pollution assessment in sedi-
ments of Izmit Bay, Turkey. Environ. Monit. Assess.
2006;123:219–231.

[42] Zhang LP, Ye X, Feng H, Jing YH, Ouyang T, Yu XT,
et al. Heavy metal contamination in western Xiamen Bay

sediments and its vicinity, China. Mar. Pollut. Bull.
2007;54:974–982. doi:10.1016/j.marpolbul.2007.02.010.

[43] Chartier M, Mercier G, Blais JF. Partitioning of trace met-
als before and after biological removal of metals from
sediments. Water Res. 2001;35:1435–1444.

[44] Callender E, Bowser CJ. Manganese and copper geochem-
istry of interstitial fluids from manganese nodule-rich pela-
gic sediments of the northeastern equatorial Pacific Ocean.
Am. J. Sci. 1980;280:1063–1096.

[45] Chester R, Thomas A, Lin F, Basaham A, Jacinto G. The
solid state speciation of copper in surface water particulates
and oceanic sediments. Mar. Chem. 1988;24:261–292.

[46] He Z, Song J, Zhang N, Zhang P, Xu Y. Variation charac-
teristics and ecological risk of heavy metals in the south
Yellow Sea surface sediments. Environ. Monit. Assess.
2009;157:515–528.

[47] Rubio B, Nombela MA, Vilas F. Biocemistry of major
and trace elements in sediments of the Ria de Vigo (NW
Spain): an assessment of metal pollution. Mar. Pollut.
Bull. 2000;40:968–980.

[48] Ramos L, Gonzalez M, Hernandez L. Sequential extraction
of copper, lead, cadmium, and zinc in sediments from Ebro
River (Spain): Relationship with levels detected in earth-
worms. Bull. Environ. Contamin. Toxicol. 1999;62:301–308.

[49] Soto-Jiménez M, Pez-Osuna F, Morales-Hernndez F.
Selected trace metals in oysters (Crassostrea iridescens)
and sediments from the discharge zone of the submarine
sewage outfall in Mazathn Bay (southeast Gulf of
California): chemical fractions and bioaccumulation fac-
tors. Environ. Pollut. 2001;114:357–370.

[50] Broman D, Lindqvist L, Lundbergh I. Cadmium and zinc
in Mytilus edulis L. from the Bothnian sea and the north-
ern baltic proper. Environ. Pollut. 1991;74:227–244.

[51] Ramessur RT. Statistical comparison and correlation of
zinc and lead in estuarine sediments along the western
coast of Mauritius. Environ. Int. 2004;30:1039–1044.

[52] Grande JA, Borrego J, Morales JA, De la Torre ML. A
description of how metal pollution occurs in the Tinto-
Odiel rias (Huelva-Spain) through the application of clus-
ter analysis. Mar. Pollut. Bull. 2003;46:475–480.

[53] ROPME. Regional report of the state of the marine envi-
ronment. Kuwait: Regional organization for the protection
of the marine environment (ROPME); 1999.

[54] Barlas N, Akbulut N, Aydoan M. Assessment of heavy
metal residues in the sediment and water samples of
Uluabat Lake, Turkey. Bullet. Environ. Contamin. Toxicol.
2005;74:286–293.

[55] Pourang N, Nikouyan A, Dennis J. Trace element concentra-
tions in fish, surficial sediments and water from northern part of
the Persian Gulf. Environ. Monit. Assess. 2005;109:293–316.

[56] Yap CK, Ismail AR, Tan SG. Cd and Zn concentrations in
the straits of Malacca and intertidal sediments of the west
coast of peninsular Malaysia. Mar. Pollut. Bull.
2003;46:1348–1353.

[57] Amin B, Ismail A, Arshad A, Yap CK. Anthropogenic
impacts on heavy metals concentrations in the coastal
sediment of Dumai, Indonesia. Environ. Monit. Assess.
2009;148:291–305.

[58] Reddy MS, Basha S, Kumar VGS, Joshi HV, Ramachandraiah
G. Distribution, enrichment and accumulation of heavy metals
in coastal sediments of Alang-Sosiya ship scrapping yard,
India. Mar. Pollut. Bull. 2004;48:1055–1059.

[59] Chen CW, Kao CM, Chen CF, Dong CD. Distribution
and accumulation of heavy metals in the sediments of
Kaoshiung Harbor, Taiwan. Chemosphere. 2007;66:1431–
1440. doi:10.1016/j.chemosphere.2006.09.030.

Chemical Speciation & Bioavailability 43

http://dx.doi.org/10.1016/j.microc.2008.12.001
http://dx.doi.org/10.1016/j.marpolbul.2004.08.010
http://dx.doi.org/10.1016/j.chemosphere.2003.10.047
http://dx.doi.org/10.1016/j.chemosphere.2003.10.047
http://dx.doi.org/10.1016/j.jhydrol.2005.01.021
http://dx.doi.org/10.1016/j.marpolbul.2007.02.010
http://dx.doi.org/10.1016/j.chemosphere.2006.09.030

	Abstract
	 Introduction
	 Materials and methods
	 Study area
	 Sources of pollution
	 Sampling and storage
	 Speciation of Pb, Ni, Cd, Zn, and Cu in sediment samples
	 Determination of Pb, Ni, Cd, Zn, and Cu and total organic carbon
	 Quality control
	 Sediment quality assessment
	 Individual and global contamination factors
	 Statistical analysis

	 Results and discussion
	 Speciation of heavy metals in surface sediments
	 Comparison of non-resistant and resistant fraction between stations
	 Relation between oxidation-organic (fraction 3) and TOM
	 Correlation of heavy metals between fractions
	 Contamination assessment
	 Comparison with previously reported studies
	 Comparison with SQGs

	 Conclusion
	 Disclosure statement
	Notes on con�trib�u�tors
	References



