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Abstract

Distribution and seasonal variation of heavy metals copper (Cu), nickel (Ni), cadmium (Cd), cobalt (Co), lead (Pb)
and mercury (Hg) were measured in the surface sediments samples taken from Arvand river in the northeast Persian
Gulf. Concentration of heavy metals varied depending on different season and sampling sites. The concentration
order of heavy metals in sediment were Ni > Cu > Co > Pb > Cd > Hg. There was significant difference (p<0.05)
in metals levels between different seasons and stations. The highest concentration of Ni, Cu, Cd, Pb and Hg was
detected in S3 in July and the highest concentration of Co was detected in S3 in April. The percentage of mercury
associated with different fractions in the sediment from was in the order of residual > organic matter > easily and
exchangeable > acid reduction. Igeo values calculated for Cu (4.5) and Ni (3.6) showed higher values in the July
month in the upstream region of the river than in the other seasons. BAFs of Ni were extremely higher than other
metals followed by Cu, Co, Pb, Cd and Hg, respectively. These results indicate that Ni and Cu are more easily
available than other elements. The analysed heavy metals were found in sediment samples at mean concentration

in the sediment quality guideline proposed by NOAA and ROPME, except for Ni concentration in some cases.
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Introduction

Heavy metals can be classified as potentially toxic elements such
as cadmium, lead and mercury [1] and essential elements such as
copper, zinc and iron [2]. Toxic metals naturally occur in aquatic
environments in very low concentrations, but their concentration
levels have increased due to anthropogenic pollutants [3] over time.
Industrial activities as well as agriculture and mining create a potential
source of metals pollution in aquatic environment [4]. As a result,
living things inhabiting contaminated waters show rather high metal
concentrations. It is well known that metals accumulate in sediments
of aquatic environments and hence metals measured in the sediments
can reflect past exposures [1,5,6].

Sediments are important sinks for various pollutants such as heavy
metals and also play a useful role in the assessment of heavy metal
contamination [1,5,6]. Sediments, particularly surficial sediments,
may serve as a metal pool that can release metals to the overlaying
water via natural anthropogenic processes, causing potential adverse
health effects to the ecosystems because of their serious toxicity and
persistence [7,8]. Bottom sediments are known to act as a sink for heavy
metals introduced to the marine environment [9]. Therefore, benthic
organisms, which occupy the bottom layer of the water column, tend to
accumulate the highest levels of heavy metals in comparison to pelagic
organisms [9-11].

A study of the distribution of trace metals in the sediments is
important to the assessment of the probable influence of the mining of
iron ore in this region on the estuarine environment. The measurement
of trace element concentrations and distribution in the marine
environment leads to better understanding of their behaviour in the
aquatic environment and is important for detecting sources of pollution
[6]. Studies of various physicochemical, biological and mineralogical
aspects of the Persian Gulf have been carried out, but limited data
are available on the metal concentrations and seasonal variation in
the sediments of the Persian Gulf. The trace metal data provide new

information on the surface sediment geochemistry in the region whilst
the study of element interrelationships, including organic carbon, gives
information on their possible origin [12]. The distribution of metals
in surficial sediments in the Arvand river, northwest of Persian Gulf
has been examined, therefore, in order to enhance the data inventory
for the region, characterize the geochemistry of Cd, Co, Cu, Ni, Pb
and Hg in surficial sediments and to help understand the influence of
anthropogenic activities in this tropical estuarine system.

Materials and Methods

Four sampling sites were selected along the northwest coasts of
the Persian Gulf (Figure 1). The first one (S1) was located near the
Khoramshahr city, the second one (S2) was located near Minoo island,
the third one (S3) was located near the Abadan city, and the last one
(S4) was located near Arvand river’s mouth. The Arvand river, the
border between Iraq and Iran, is the biggest river in the Persian Gulf.
It passes three main cities including Al-Basre in Iraq, Abadan and
Khoramshahr in Iran. For people of these cities, the Arvand river is
considered as a main resource of seafood and drinking water. For this
reason, striking quantities of marine organisms in the markets of these
cities are caught from Arvand river.

Surface sediments were collected in Spring (April), Summer (July)
and Autumn (October) of 2010 and Winter (January) of 2011, using a
Van Veen Grab from 4 stations in the Persian Gulf (Figure 1) across
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the upper, mid, and lower regions, covering a distance of 50 km and
a range of salinities from freshwater in the upstream area to seawater
at the mouth. Subsamples were taken from the uppermost layer of the
sediment taking care to minimize contamination. The samples were
frozen after collection and later thawed, dried at 50-60°C in an oven and
disaggregated in an agate mortar, before chemical treatment for total
metal analysis. For each sample a known quantity (1 g) of sediment was
digested with a solution of concentrated HCIO, (2 ml) and HF (10 ml)
to near dryness. Subsequently, a second addition of HCIO, (1 ml) and
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Figure 1: Map of Persian Gulf showing study area, Arvand river.

Metal Station

April
Cu S1 20.3+0.01°
S2 12.1+0.02°
S3 15.5+0.03°
S4 10.4 + 0.04°
Ni S1 34.6 £0.01°
S2 40.4 + 0.05°
S3 51.5+0.01°
S4 23.1+0°
Co S1 17.2+0.05°
S2 18.4 £ 0.03°
S3 25.1+0.02°
S4 16.2+0.01°
Pb S1 7.1£0.02°
S2 3.4 +£0.06°
S3 7.1+£0.03°
S4 2.2 +0.05°
Cd S1 0.36 £ 0.01°
S2 0.21 £ 0.06°
S3 0.30 + 0.04°
S4 0.15+0.03°
Hg S1 0.03 + 0.03°
S2 0.20 £ 0.02°
S3 0.30 + 0.06°
S4 0.01 £ 0.072

HF (10 ml) was made and the mixture was evaporated to near dryness.
Finally, HCIO, (1 ml) alone was added and the sample was evaporated
until white fumes appeared. The residue was dissolved in concentrated
HCI and diluted to 25 ml [13].

Concentrations of Cd, Cu, Ni, Pb and Hg were measured with a
GBC (Dandenong, Vic. 3175, and Australia) Flam Atomic Absorption
Spectrometer (Savant AA sigma) with hyper pulse deuterium
background corrector. Mercury concentration was determined by a
cold vapor atomic absorption spectrometer (Unicam, model 919).

The accuracy of the analytical procedures was assessed using the
certified reference material BCR-1 and yielded results within the
reference value range [14]. The recovery means for Cd, Cu, Co, Ni, Pb
and Hg were 91.4%, 90.5%, 93.5%, 94%, 92.1% and 108.4% respectively.

All data were tested for normal distribution with Shapiro-
wilk normality test. Significant differences between heavy metals
concentration in the samples of various stations and between seasons
were determined using One-Way analysis of variance (ANOVA)
fallowed by Duncan post hoc test.

Results and Discussion

The mean concentrations of studied metals in sediment are given
in Table 1. The heavy metals concentration in sediments at all sampling
sites occurs in descending order of Ni > Cu > Co > Pb > Cd > Hg,
except for station 1 where Cu concentration was higher than Ni.

Ni

In the sediments at all sampling station, concentration of Ni ranged

Season
July October January
22.5+0.02° 18.1+0.05° 14.4 +0.052
124 +0.01° 11.3+0.01¢ 10.2 £ 0.062
16.2 +0.04¢ 14.2 £ 0.05° 13.4 +£0.05°
15.2 +0.40° 17.2+0.02¢ 13.8 £0.02°
38.2+0.01° 34.1+£0.01° 20.8 +£0.01°
51.4 £0.04° 42.2 +£0.05° 35.2+0.06°
64.5 + 0.06° 45.1 £0.04° 42.5+0.05°
28.2+0.04° 35.3 +0.06° 21.5+0.01°
15.1 £ 0.06° 16.3 £0.01° 17.5+£0.01°
17.1 £ 0.05° 16.5+0.01° 16.2 £ 0.01°
23.5+0.01° 22.2+0.01° 21.2 £0.06°
14.4 +0.04° 15.1+0.01° 14.5 +0.04°
8.2 +£0.04° 6.2 £ 0.04° 3.31+ 0.06°
5.1 +£0.03° 2.4+0.01° 1.22+0.03°
6.1+£0.01° 3.1+0.05 0.71 £ 0.04°
4.2+0.03° 1.1+0.03° 0.52 +0.09°
0.28 +0.042 0.19 £ 0.022 0.21 £ 0.05°
0.18 + 0.03* 0.14 £ 0.01° 0.15+0.04°
0.19 + 0.04* 0.16 £ 0.01° 0.15+0.03°
0.12+0.01° 0.15+ 0.062 0.11 £ 0.04¢
0.07 + 0.05° 0.04 +0.012 0.04 +0.032
0.30 £0.01° 0.10 £ 0.02° 0.08 £ 0.01°
0.60 +0.03° 0.20 £ 0.01° 0.10 £ 0.06°
0.05 +0.02° 0.02 £ 0.04° 0.01 £0.03°

S1 (Khoramshahr), S2 (Minoo), S3 (Abadan) and S4 (Arvand River mouth); a, b, ¢ show significant differences among seasons

Table 1: Mean concentration of heavy metals (ug g-1) in sediments during different seasons from Arvand river, northwest of Persian Gulf.
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from of 21 to 64.5 pg g'. The highest concentration of Ni (64.5 pg
g') was detected in station 3 in July. There was significant difference
(p<0.05) in Ni levels between different seasons. It is likely that this high
concentration of Ni was related to the oil tankers traffic in this site
[15]. This area is surrounded by Abadan petrochemical complex and
petroleum refinery.

Cu

In the sediments at all sampling station, concentration of Cu ranged
from 10.3 to 22.5 pg g'. The highest concentration of Cu (22.5 pg g)
was detected in site 1 in July. The high concentration of lead at site 1 was
situated at the pH of the sediment was the lowest. Samecka-Cymerman
and Kempers [16] have showed that the highest concentrations
of copper were found in lakes which had the lowest sediment pH.
Tokalioglu et al. [17] have indicated that copper concentrations in the
lake samples, decreased with increasing pH, because the metal binding
abilities are decreased with decreasing pH due to proton binding. A
decrease in pH will increase the competition between metals and
hydrogen ions for binding sites and may dissolve metal complexes,
releasing free metal ions into the sediment [18]. There was significant
difference (p<0.05) in Cu levels between different seasons. It may be
mentioned here that there is no significant relation between salinity
and the copper concentration for sediment along the Arvand River.

Co

The concentration of Co ranged from 14.3 to 26.81 pg g*'. The
highest concentration of Co (26.81 ug g*') was detected in station 3 in
April. There was no significant difference (p<0.05) in Co levels between
different seasons. No strongly elevated concentrations of Co were
observed, although Co is apparently enriched above natural values. It
should be noted that the choice of reference value for normalization
alters the degree of enrichment.

Pb

The concentration of Pb ranged from 1.03 to 8.11 pg g'. The
highest concentration of Ni (8.11 ug g') was detected in station 1 in
July. There was significant difference (p<0.05) in lead levels between
different seasons. Nolting et al. [19] observed that the low and constant
Pb concentrations indicating the minor importance of anthropogenic
input from the Laptev Sea in contrast to other areas of world as
anthropogenic inputs are considered to be the major source of elevated
Pb concentrations in marine sediments [19]. The high concentration
of lead at site 1 was situated at the boat stations where high boating
activities takes place and in located where the pH of the sediment
was the lowest. Byrd and Perona [20] have showed that the highest
concentration of lead was found in the Turlok Lake when there were
high boating activities.

Cd

In the sediments at all sampling station, concentration of Cd
ranged from 10.3 pg g-1 to 22.5 pg g-1 with an average of14.8 ug g-1.
The highest concentration of Cd (22.5 ug g-1) was detected in station 3
in July. There was significant difference (p<0.05) in Cu levels between
different seasons. The high concentrations of cadmium in sediment at
sampling site 3, seems to corresponds to low pH sediment in the former
site while the latter site showed agricultural runoff entering river.

Hg

In the sediments at all sampling station, concentration of Hg
ranged from 0.01 to 0.60 pg g-1. The highest concentration of Hg

(0.60 pg g') was detected in station 3 in July. There was significant
difference (p<0.05) in Hg levels between different seasons. As similar
to Cd, there is a general trend observed that for mercury decreasing
its concentration in July. Mercury concentrations in the Arvand river
sediments showed generally lowest values than other metals. Mercury
can enter the aquatic environment from a number of sources including
hazardous substance spills from various refineries, petrochemical and
oil industries [15].

Correlation analysis also showed relationship between individual
elements including Cu and Pb (r=0.65), Pb and Cd (r=0.71) and
between Cd and Cu (r=0.76). Pearson correlation showed that there
was no significant correlation among these metals (p>0.05).

The comparison between the sampling stations showed that the
amount of metals varied from site to site, and the variation could
be related to variability in the sources of metals input. Maximum
concentration of Hg, Ni, Co and Cd were observed in sit 3 and
Maximum concentration of Cu and Pb were observed in sit 4. The site 3
is the nearest station to Abadan petrochemical complex and petroleum
refinery [15]. Site 3 was relatively rich in Ni concentration. It is likely
that this high concentration of Ni was related to the oil tankers traffic
in this site. About 800 offshore platforms and 25 major oil terminals as
well as oil supertankers traffic exert tremendous stress by oil pollution
in the Persian Gulf [15,21]. Therefore, site 3 receives different types of
pollution such as heavy metal from the surrounding areas. Maximum
concentration of Cu was observed in site 1. The concentrations of Cu
were higher than the other metals in site 1, suggesting that there is an
influence of the industrial activities in surroundings of the sampled
stations and which confirmed the increased anthropogenic activities
with time [21].

Minimum concentration of metals was observed in site 4. This
station was located near the mouth of Persian Gulf. In the area river
water with water of Persian Gulf to be mixed and concentration of
metals was low. As the interactions between salt water and fluvial water
in the mouth of rivers could lead to sediment deposition, a considerable
quantity of the sediment is deposited in the mouth of the Arvand river
[21,22]. Also, there is no industrial activity near this station, which is a
relatively remote area compared to other stations.

This study can provide information on possible chemical forms
of heavy metals in sediments. The effects of heavy metals in the
environment depend to a large extent on whether they occur in forms
that can be taken up by plants or animals. According to Elith and
Garwood [18], lead may be strongly adsorbed onto sediment particles
and therefore largely unavailable, while cadmium ions can be directly
absorbed to sediment and it is known to be most mobile among the other
metals [23]. A wide range of values for heavy metal concentrations was
observed for the sediments. On the average, the percentage of cadmium
associated with different fractions in the sediment from all sites was in
the order of residual (49.4%) > organic matter (31.6%) > easily and
exchangeable (11.2%) > acid reduction (7.8%). The percentage of
copper from all sites was in the order of residual (70.3%) > organic
matter (27.4) > easily and exchangeable (1.7%) > acid reduction (0.6%).
The percentage of nickel was in the order of residual (73.5%) > organic
matter (22.5%) > easily and exchangeable (3.6%) > acid reduction
(0.4%). The percentage of mercury was in the order of residual
(80.6%) > organic matter (17.5%) > acid reduction (1.3%) > easily and
exchangeable (0.6%).The percentage of lead was in the order of residual
(63.5%) > organic matter (30.5%) > easily and exchangeable (4.4%) >
acid reduction (16.5%). The percentage of cobalt was in the order of
residual (60.5%) > organic matter (29.5%) > easily and exchangeable
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(6.8%) > acid reduction (3.2%). Assuming that bioavailability is related
to solubility, then metal bioavailability decreases in the order of
exchangeable forms > acid reduction forms > organic forms > residual
forms [6,24]. The residual forms are not expected to be released under
normal conditions in nature [6] and could be considered as an inert
phase [24].

Metal availability is also influenced by other characteristics of the
sediment system such as pH and organic matter content, which control
the solubility and therefore the availability of metals [25]. Among the
non-residual fractions, the organic matter fraction was much higher
than other fractions in all sites. The percentage of cadmium in the non-
residual fractions was greater than the residual fraction. About 73%
of the cadmium in sediment was associated with the exchangeable,
acid reduction and oxidation fractions. Forstner [26] reported that
cadmium was characteristically enriched in the more mobile fractions
and more mobile than most of other heavy metals [27]. The present
results indicate that cadmium, cobalt and lead have greater potential
for mobilization from the sediments than copper, nickel and mercury
because of their higher concentration at the acid reduction fraction.

Organic matter has a high specific storage capacity for heavy metals
[18]. Acidic pH condition is known to influence the sorption of lead by
organic matter fraction in sediments [6]. Analysis of pH and percentage
of organic matter present in sediments concluded that there were strong
correlations between each of these factors and the concentrations
of copper and lead. Results showed that the concentration of heavy
metals at oxidation fraction increased with increasing pH levels and
percentage of organic matter present in the sediments.

A direct correlation was carried out between organic matter
percentages, pH and concentration of heavy metals at the oxidation
fraction. There was no significant correlation between concentration
of cadmium with organic matter percentage and pH (p>0.05). The
result of Pearson correlation (r) for organic matter for copper was

0.75 (p<0.001), which means that there was a strong linear correlation
with organic matter. There was a linear correlation between lead and
the percentage of organic matter in the sediment (r=0.55 and p<0.01),
copper (r=0.64 and p<0.01). Thus, organic matter shows a significant to
bind copper and lead the sediment in Arvand river. There was a linear
correlation between copper and pH (r=0.69 and p<0.01) and lead and
pH (r=0.80 and p<0.01).

There was significant difference (P<0.05) between the levels of heavy
metals during different seasons. Relatively high concentrations were
observed in sediments collected during July. It may be mentioned here
that there is significant relation between salinity and temperature and
the heavy metals concentration for sediments along the coast of Persian
Gulf [15,28]. Temperature could increase metal concentration in
summer than winter [12,19]. Also, this variation could result variation
in bioavailability of metal in environment [29]. Such this condition
was happened during present study and metals levels in different sites
showed higher in summer season compared to other seasons. Similarly
in the present study, more metals levels uptake was showed during
summer season. According to different studies the heavy metal levels in
sediments showed higher in summer season [15,29]. It was revealed that
sediments all show similar seasonal patterns in metal concentrations
it would seem likely that environmental factors (discharges to the
estuary, pH, salinity, suspended matter, etc.) are having a greater
overall influence on seasonality of metal concentrations.

Index of geoaccumulation

Possible sediment enrichment of metals was evaluated in terms of
the Igw of Muller [30]. The formula used for the calculation of Igw is
log, (C /1.5B ), where C_ is the measured content of element “n”, and
B_ the element’s content in “average shale” [31]. The geoaccumulation
index (I,,) was originally defined by Muller [30] for a quantitative
measure of the metal pollution in aquatic sediments [32] and is
shown for the Arvand river sediments in (Figure 2). Elevated Igm
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Figure 2: Concentration of heavy metals during different season.
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Figure 3: Plots showing Igeu seasonal values for each metal.

values identified for Cu and Ni in the same areas indicate that surface
sediments are contaminated to some extent, most probably as a result
of anthropogenic activities. I values calculated for Cu (4.5) and Ni
(3.6) showed higher values in the July month in the upstream region
of the river than in the other seasons. This trace metal enrichment is
attributed to iron ore processing in the higher reaches.

Bioaccumulation factors (BAFs)

BAFs significantly differed between heavy metals and sediments.
BAFs of Ni were extremely higher than other metals followed by Cu,
Co, Pb, Cd and Hg, respectively. These results indicate that Ni and
Cu are more easily available than other elements. The bioavailability
of metals in sediments could be controlled by species of metals and
physicochemical factors such as pH, salinity, temperature, hardness,
alkalinity, oxidation and reduction potential, particulate matter,
organic carbon content, cation exchange capacity and differences in the
grain size [12,33-36]. The present study also showed that the highest
BAFs of essential and non-essential metals occurred in the station 3
followed by station 1, 2 and 4, respectively (Figure 3).

Conclusion

This study provides new information on the distribution and
seasonal variation of metals in surface sediments along the Arvand
river from northwest of Persian Gulf. The results showed that the
concentration of metals varied among station and season sampling.
The heavy metal concentration in the sediments are described in the
descending order of Ni> Cu > Co > Pb > Cd > Hg at all sampling
sites, except for station 1 where Cu concentration was higher than Ni.
Results of this study also showed sediments from S3 showed greater
concentration of the mercury than those from the other areas. The high
concentration of metals in sediments at the S3 sampling could result
from industrial effluents. BAFs showed that the risk of Ni is higher
than the risk of other metals in this study. Therefore, the Arvand river
as a major source of sediments and a source of metals can affect the
concentration of metals in sediment of the area. Therefore, in order to

enhance the datainventory for the region, characterize the geochemistry
of meals in surficial sediments and to help understand the influence of
anthropogenic activities in this tropical estuarine system.
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