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Abstract Present survey investigates the intensity of
heavy metals pollution (Ca, Fe, Ni, Cd, Pb, Zn, AS, Hg) in
the sediments of Bamdezh wetland, Iran. The main
objective of the study is quantification of heavy metal
pollution intensity in this wetland. Bamdezh wetland is
located in about 40 km northwest of Ahvaz, Iran. This
wetland is a habitat and food source for aquatic ecosystem
and migratory birds, also a significant resource of income
for the locals. Anthropogenic portion of the metals was
determined through five-step chemical sequential extrac-
tion. The results of partition studies revealed the arrange-
ment of anthropogenic portions for the metals as follows:
Cd (86 %) > Pb (80 %) > Ni (46 %) > Zn (44 %) > Fe
(24 %). The mean enrichment factor values for various
metals were between minimal enrichment and extremely
enrichment. The values obtained from I, index are
indicative of a broad range from unpolluted to moderately
polluted to moderately to strongly polluted. All stations can
be interpreted as a very high degree of contamination using
C4 and high degree of contamination using mCy classifi-
cation. PLI ranged from 1.22 at station 3 to 1.55 at station
4. Result of cluster analysis for Zn and LOI shows that
these two elements are related together by high similarity
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coefficient. As LOI in the environment is the index of
biological activity, then Zn should have biological origin.
The dendrogram also showed that a part of Ca and Ni is
derived from lithogenous source as they are linked to Fe.

Keywords Bamdezh wetland - Anthropogenic
proportion - Sediment contamination - Metal pollution

Introduction

Heavy metals possess toxicological role in marine eco-
system. Accumulation of trace metals in aquatic system
and sediments depends on different factors such as the
nature of sediment particles and factors that affect physi-
cochemical conditions (Nemr et al. 2007). We can obtain
useful information about aquatic systems by studying
heavy metals in surficial sediments (Forstner and Wittmann
1981). In the recent, more attention has been paid to the
aquatic pollution; however, most of the studies aim at
metal pollution (Lee and Mohamed 2009; Al-Juboury
2009; Uba et al. 2009; Venugopal et al. 2009). The most
crucial properties of metals are that they are not biode-
gradable (Ahmed et al. 2010; Sundararajan and Natesan
2010; Adjey-Boateng et al. 2010; Rafiei et al. 2010).
Marine sediments can bring out the aquatic contamination
(Sinem Atgin et al. 2000).

Sediment-bound heavy metals may be desorbed from
surface sediment and accumulated on fine-grained particles
which finally move into the depositional (Karbassi et al.
2014). Grain size is an important factor to evaluate heavy
metals concentration in the sediment (Szefer et al. 1996).

Inputs of heavy metals and other pollutants to the
coastal areas are likely increasing because of economic
growth in Asian countries (Nasehi et al. 2012). Heavy
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metals and petroleum hydrocarbons are considered as a
common environmental contamination and a worldwide
concern (Valikhani Samani et al. 2014). The chemical
bonds of metals in marine sediments are important factors
in assessing pollution in a different phase of the aquatic
environment. (Tessier et al. 1979; Forstner and Wittmann
1981).

According to the International Ramsar Convention
declaration, the Bamdezh wetland is riverine and palustrine
wetland. Bamdezh wetland is suitable ecosystem for fish of
fresh water, suitable place for birds and creates microcli-
mate that cause increasing relative humidity and decreasing
temperature. In addition, this wetland has important role to
control over flow of Dez and Shavour rivers. This wetland
is a habitat and food source for aquatic ecosystem and
migratory birds, and also a significant resource of income
for the locals. Inputs of various source of pollutants to the
wetland areas are increasing because of economic growth.
Therefore, water depth and wetland life have been threa-
tened. The land use of study area are divided to agricultural
land, fish ponds and residential area. The significant por-
tions of the area surrounding the Bamdezh wetland are
Barren lands (Bostanzadeh 2003).

Current study was performed in Bamdezh wetland,
which is located in about 40 km northwest of Ahvaz, Iran.
The aim of this study was to determine sediment contam-
ination and ecological risk assessments in the Bamdezh
wetland, Iran. Subsequently, various indices were used to
show the intensity of pollution in this area.

Materials and methods
Sampling area

Bamdezh wetland is a part of Khuzestan province, situated
in southwestern Iran, between longitudes 48°27'—-48°42'E
and latitudes 31°38'-31°55'N. The wetland area is about 44
square kilometers. Bamdezh wetland is a natural and
freshwater in this wetland is mainly due to water of Sha-
vour River. The outlet of this wetland is Kharoor that pass
of Tavana Channel and finally discharge to Dez River
(Jamee 2002).

Pollutants which currently intimidate flora and fauna of
Bamdezh wetland and are expected to exacerbate its future
condition can be categorized in two major types, including:

1. Agricultural pollutants: This group involves animal
fertilizers and pesticides enter the wetland from farms
surrounding it or from input water being polluted in its
path toward this water body.

2. Industrial, rural and urban Pollutants: These types of
pollutants originate from the sewage of villages in the
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vicinity of wetland and contaminated input water with
industrial and urban effluents. The sewage of Shoush
city, livestock in the way of inputs, sewage and
suspended solid wastes of Shavour region are all
carried along with the Shavour River and reach the
wetland.

Surface sediment samples were collected from six sites
in Bamdezh wetland (Fig. 1). Locations of sampling sta-
tions in Bamdezh wetland were determined by the aid of
Global Positioning System (GPS) (Table 1).

Samples for metal analysis are prepared according to
MOOPAM. They were collected using a zinc-plated Pet-
erson grab. A Teflon spatula was used to extract the sedi-
ment samples from the center of grab. After collecting
samples, the surface sediment samples were immediately

Khuzestan IRAN
€T~
. _':\,‘
¥\ \
N \
‘ A ' Bamdezh
Wetland
. '
A
w E
0 3 6 12 Kilometers <‘2‘P'
'*_'_f_i_'_'_’_’l s

Fig. 1 Location of the study area showing sampling points

Table 1 General features and description of coastal sampling sites of
Bamdezh wetland

St.no. N E Water Air
temperature C  temperature C
Stl 31°49'54" 48°27'15.8 24 30
St2 31°45'40.5"  48°34'44 26 31
St3 31°45'04.2"  48°36'T" 26 31
St4 31°42/24.2” 48°35'43.9" 26 31
St5 31°41'43.5"  48°38'32.1" 29 30
St6 31°39'33.9”  48°38/39.1" 26 39
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packed in airtight pre-labeled polyethylene bags and pre-
served at 4 °C till the metal analysis. Grain size fractions
less than 63 pm were separated for geochemical analysis
(Vaezi et al. 2014).

Chemical analysis

The concentration of elements (Ca, Fe, Ni, Cd, Pb, Zn, AS,
Hg) in sediment samples was determined by atomic
absorption spectroscopy (Varian AA-30 model).

All the sediment samples were gently air-dried at
50 °C and then sieved. The sediments were weighted and
placed into a Teflon beaker and were digested using
7 mL of aqua regia (1:3HCLI:HNO;). The mixture heated
at 95 °C for 1h and refluxed for 5-10 min until the
brown fumes were no longer visible, and after cooling,
5 mL of hydrogen fluoride (HF) was added. Then, sam-
ples were refluxed to room temperature. Sediment sam-
ples were filtered by Whatman 0.45 pm membrane and
brought to 50 mL volume using 1 N HCI (Karbassi et al.
2008).

Organic matters were measured by recording the loss on
ignition (LOI) through heating the samples for 4 h at
450 °C in a muffle furnace. The organic contents range
from 5.97 to 19.06 % with a mean value of 14.88 %. To
obtain bioaccessibility values, a solution of pH = 5 was
prepared using NaOH and HOAc (USEPA, 1311 method).

Finally, the origination of metals was investigated.
Heavy metals have five kind of bonds so in this study,
following five operational steps were used for chemical
extraction.

The chemical partitioning of metals was determined by
means of the sequential extraction scheme proposed by
Tessier et al. (1979) and modified by Elsokkary and Muller
(1990). Fraction I (exchangeable): About 1 g of each sed-
iment sample was shaken for 60 min at room temperature
with 8 ml of 1 M (MgCl,-6H,0).

Fraction II (bound to carbonates): The residual solid of
each sediment sample from step I was shaken for about
30 min at room temperature with 8 ml of 1 M (C,H;NaO,)
and adjusted to pH 5.0 with (99.83 % C,H,0.,).

Fraction III (bound to iron and manganese oxides:
(reducible): The residual solid of each sediment sample
from step II was shaken at 850C in water bath for about 5 h
with 20 ml of 0.04 M (H3NO-HCI) in 25 % (99.83 %
C2H402) (V/V).

Fraction IV (bound to organic and sulfide): The residual
solid of each sediment sample from step III was shaken at
850C in a water bath for about 2 h with 5 ml of (30 %
H,0,). Nitric acid was added to reach the pH of samples to
2 + 0.2. Subsequently, a second addition of 3 ml of 30 %
H,0, was added and the samples were shaken again at
850C in a water bath for 3 h.

Fraction V (residual): Finally, the residual solid of each
sediment sample from step IV was digested with a mixture
of HNO;, HF, HCIO,4, HCl in (4:1:1:1) ratio, respectively,
for about 3 h in a water bath.

In each step, the supernatant was filtered by Whatman
0.45 pm membrane, and the residue was shaken with 8 ml
of deionized water for about 30 min.

Quality assurance/quality control (QA/QC)

In accordance to the quality assurance program, procedural
blanks, duplicates and MESS-1, standard sediment samples
were run alongside the sediment samples. The accuracy of
analysis was about +4 % for all elements.

Data analysis

Pollution assessment and evaluation were carried out using
several techniques including: enrichment factor (EF), geo-
accumulation index (Ige,), pollution index (Ipoor), con-
tamination factor (Cy), modified degree of contamination
(mCq) and pollution load index (PLI).

Results and discussion

Descriptive statistics of the metals concentration for the Bam-
dezh wetland including mean, maximum, minimum and shale
values, and also standard deviation all are shown in Table 2:
As shown in Table 2, there is a significant difference
between mean concentration of Hg and the correspondent
shale value. The results revealed that the concentration of Fe is
between 3.74 and 5.24 mg/kg with the mean value of 4.32 mg/
kg. The maximum concentration of Ni was found at the station
5. The concentration of Cd range from 9.67 to 16.65 mg/kg
with a mean value of 14.21 mg/kg. Also, the organic contents
range from 5.97 to 19.06 % with a mean value of 14.88 %.
The results of chemical partitioning are presented in
Table 3. The results of chemical partitioning studies have
revealed the arrangement of natural portions for the metals
as follows: Cd (86 %) > Pb (80 %) > Ni (46 %) > Zn
(44 %) > Fe (24 %). Percentage of natural and anthropo-
genic sections of studied heavy metals shows that Cd and
Pb pollution is mostly from anthropogenic origin, and Fe,
Zn and Ni are mostly from natural origin. Although a high
proportion of Ca is released in the first phase of chemical
analysis (loose part), this fact does not show that this is a
consequence of anthropogenic pollution. Step 1 and step 2
show the greatest degree of metal mobility. Step 3 and step
4 exhibit some degree of mobility, and the step 5 corre-
sponds to the part of the metals that cannot be mobilized.
Metal enrichment factor (EF) was used in ecotoxico-
logical and chemo-ecological assessment by Buat-Menard
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Table 2 Elemental concentration of surficial sediments of Bamdezh wetland

Station number As Cd Hg Ni Pb Zn Ca Fe LOI
(mg/kg) (%)

1 4.16 13.50 4.83 99.50 22.12 40.00 1.10 3.80 12.07
2 3.26 9.67 5.28 86.00 17.36 80.00 0.91 441 17.22
3 322 15.69 2.79 47.00 32.13 44.50 0.90 3.74 597
4 5.02 16.65 5.48 74.25 18.48 87.50 1.12 4.20 18.57
5 2.89 16.12 1.63 124.75 18.62 70.00 1.19 5.24 16.41
6 3.68 13.61 4.30 89.50 21.56 57.00 1.00 451 19.06
Min 2.89 9.67 1.63 47.00 17.36 40.00 0.90 3.74 5.97
Max 5.02 16.65 5.48 124.75 32.13 87.50 1.19 5.24 19.06
Mean 3.71 14.21 4.05 86.83 21.71 63.17 1.04 4.32 14.88
Mean crust* 13 0.3 1.4 80 14 75 4.1 4.1 -

4 Bowen (1979)

and Chesselet (1979). The EF of all elements can be cal-
culated using the following equation (Zhang et al. 2007).

EF = ([(Mc)/(M:)),)/([(Me)/ (My)],) (1)

where M, is the concentration of metals, M, is the concen-
tration of reference elements, s is the studied sample and b
indicates the background. This method uses a normalization
element such as Al or Fe to alleviate the variations caused by
heterogeneous sediments (Abrahim and Parker 2008). Five
contamination categorizes are recognized based on EF value
(Sutherland 2000; Loska and Wiechuta 2003):

1. EF < 2 Depletion to minimal enrichment suggestive of
no or minimal pollution.

2. EF 2-5 Moderate enrichment, suggestive of moderate
pollution.

3. EF 5-20 Significant enrichment, suggestive of a
significant pollution signal.

4. EF 20-40 Very highly enrichment, indicating a very
strong pollution signal.

5. EF > 40 Extremely enrichment, indicating an extreme
pollution signal.

The obtained mean enrichment factor (EF) values for
various metals were between minimal enrichment and
extremely enrichment. The maximum mean EF value
belongs to Cd (Cd = 45.55) indicating extremely enrich-
ment, and also, the minimum mean EF value is seen for As
(As = 0.28) showing minimal enrichment (Table 4).

In order to determine the degree of contamination in each
sediment, geo-accumulation index value is calculated using
the following equation (Muller 1979; Zhuang and Gao 2014):

C
Igeo = 10g2 (1 53n> (2)

where C,, is the content of metals in sediment samples, and
B,, is the geochemical background concentration for each
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element. A constant equal to 1.5 is defined to take the
possible lithological variability into account (Abrahim and
Parker 2008). Muller’s formula was modified by Karbassi
et al. (2008) as follows:

B,
IpoLL = log, <—> (3)

Ly

where B, and L, represent bulk concentration and lithog-
enous portion, respectively, the geo-accumulation index
and the pollution index have seven classes (Table 5).

The degree of sediment contamination was calculated
using Muller’s index. Further, newly developed pollution
index developed by Karbassi et al. (2008) called as I,,,; was
used to assess the degree of pollution (Table 6).

The results of geo-accumulation index (/4e,) of metals for
sediment samples show the limitation of /g, index in the
assessment of pollution. The values of geo-accumulation
index are less than O for all element except for Cd (4.98).
The values obtained from I, index are indicative of a broad
range (from unpolluted to moderately polluted to moderately
to strongly polluted) for various studied elements.

Integrated indices are indicators used to calculate more
than one metal contamination, which were based on the
single indices (PLI, C4 and mCy). The contamination factor
(Cy), defined by Hakanson (1980), is obtained by dividing
the concentration of each element in the sediment sample
by background concentration in unpolluted sediment:

Cmetal
Ci=—"7"- 4
! Cbuckground ( )

The overall degree of contamination is defined as
follows:

Ca=)_Ci (5)
i=1

C; and C4 were classified into seven classes (Table 7).
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Table 3 Specification of heavy metals in Bamdezh wetland sediments
Metals Stations Bioavailable Fractional steps Anthropogenic Lithogenous
Stepl Step2 Step3 Step4 Step5 portion (mg/kg) portion (mg/kg)
Ca (%) Stl 0.07 0.30 0.19 0.22 0.33 0.00 0.78 0.33
St2 0.05 0.25 0.20 0.15 0.26 0.00 0.65 0.26
St3 0.07 0.09 0.32 0.09 0.34 0.00 0.56 0.34
St4 0.17 0.22 0.35 0.17 0.21 0.00 0.91 0.21
St5 0.09 0.25 0.27 0.33 0.25 0.00 0.94 0.25
St6 0.05 0.20 0.23 0.22 0.30 0.00 0.70 0.31
Mean 0.08 0.22 0.26 0.20 0.28 0.00 0.76 0.28
Fe (%) Stl 0.01 0.46 0.45 0.00 2.85 0.00 0.92 2.85
St2 0.00 0.62 0.23 0.00 3.55 0.00 0.86 3.55
St3 0.01 0.34 0.24 0.01 3.15 0.00 0.60 3.15
St4 0.01 0.33 0.29 0.00 3.55 0.00 0.64 3.56
St5 0.01 0.46 0.20 0.12 3.36 0.00 1.87 3.36
St6 0.01 0.30 0.26 0.65 3.29 0.00 1.22 3.30
Mean 0.01 0.42 0.28 0.13 3.29 0.00 1.02 3.30
Zn (mg/kg) Stl 2.50 11.50 8.50 4.50 11.00 2.00 27.00 13.00
St2 2.00 12.00 10.50 3.00 51.00 1.50 27.50 52.50
St3 3.00 10.00 9.50 2.00 19.00 1.00 24.50 20.00
St4 3.50 8.00 11.00 4.00 56.50 4.50 26.50 61.00
St5 2.00 12.00 9.50 5.50 38.50 2.50 29.00 41.00
St6 3.00 13.00 9.00 5.50 24.00 2.50 30.50 26.50
Mean 2.67 11.08 9.67 4.08 33.33 2.33 27.50 35.67
Cd (mg/kg) Stl 2.37 1.57 5.47 1.88 2.17 0.04 11.29 221
St2 2.12 1.57 3.01 0.82 2.11 0.04 7.52 2.15
St3 2.21 0.16 9.61 1.56 2.10 0.05 13.54 2.20
St4 6.57 5.75 2.76 0.40 1.14 0.03 15.48 1.17
St5 2.17 2.17 7.68 2.05 2.02 0.03 14.07 2.05
St6 2.44 0.76 7.50 0.92 1.95 0.04 11.62 1.99
Mean 2.98 2.00 6.01 1.27 1.92 0.04 12.25 1.96
Pb (mg/kg) Stl 0.98 8.40 5.74 1.47 4.90 0.63 16.59 5.53
St2 0.14 7.21 4.55 1.05 3.85 0.56 12.95 441
St3 1.19 18.90 5.81 1.96 3.92 0.35 27.86 4.27
St4 0.70 6.02 5.18 2.03 3.99 0.56 13.93 4.55
St5 0.14 7.28 6.37 0.98 3.64 0.21 14.77 3.81
St6 0.28 7.91 6.86 2.52 3.78 0.21 17.57 3.99
Mean 0.57 9.29 5.75 1.67 4.01 0.42 17.28 443
Ni (mg/kg) Stl 4.75 15.25 7.25 2.00 69.50 0.75 29.25 70.25
St2 3.50 15.75 3.50 525 57.00 1.00 28.00 58.00
St3 1.50 16.75 6.75 1.25 19.25 1.50 26.25 20.75
St4 3.00 7.50 6.75 2.50 53.75 0.75 19.75 54.50
St5 3.25 50.00 11.50 17.00 42.00 1.00 81.75 43.00
St6 1.50 25.50 13.75 17.00 29.50 2.25 57.75 31.75
Mean 2.92 21.79 8.25 7.50 45.17 1.21 40.46 46.37

The modified degree of contamination (mCg4) was pro-
posed by Abrahim and Parker (2008) as follows:

_ 2 G
n

mCd

(6)

The modified degree of contamination consists of seven

classes (Table 8).

Pollution load index (PLI) was employed by Tomlinson
et al. (1980) to evaluate the extent of the contamination by
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Table 4 Enrichment factors (EF) of metals for sediment samples

Table 7 Terminologies used to describe C; and Cy

Station number  As Cd Hg Ni Pb Zn Ca Cy Cq Description

1 040 5566 427 181 137 052 0.62 Ci< 1 Ca<7 Low degree of contamination

2 0.27 3435 402 135 093 090 044 1<Ci<3 7<Cy<14 Moderate degree of contamination

3 031 6572 250 0.87 2.02 0.59 0.51 3<Ci<6 14 <Cyq<28 Considerable degree of contamination
4 043 6211 438 122 1.03 1.03 0.57 Ce>6 Cq > 28 Very high degree of contamination

5 020 4820 1.04 1.65 084 0.66 0.49

6 0.30 4728 320 137 1.12 0.63 047

Mean EF 0.32 5222 324 138 122 072 052

Table 5 Contamination categories based Iy, and I, values

Loeo Description

>5 Extremely polluted

4-5 Strongly to extremely strongly polluted
34 Strongly polluted

2-3 Moderately to strongly polluted

1-2 Moderately polluted

0-1 Unpolluted to moderately polluted

<0 Unpolluted

Table 6 Anthropogenic and natural portions of metals and Zop
(Pollution Index) of surficial sediments

Elements Ca Fe Zn Cd Pb Ni

Mean concentration 1.04 432 63.17 1421 21.71 86.83
(mg/kg)

Anthropogenic 076 1.02 275 1225 17.28 40.46

portion (mg/kg)

Lithogenous portion 028 330 3567 196 443 4637
(mgrkg)

Anthropogenic 73.08 23.61 43.53 86.21 79.59 46.60
portion (%)

Lithogenous portion  26.92 76.39 56.47 13.79 20.41 53.40
(%)

Loonl 1.89 039 082 286 229 091

metals in marine sediments. PLI was calculated using the
following equation:

PLI = (Cf; x Cfi X Cfs x - -+ x Cf,)"/™ -

where C; is the contamination factor, and n is the number
of metals, PLI > 1 indicates pollution, whereas PLI < 1
indicates no pollution.

’r @ Springer

Table 8 Contamination categories based on mCy values

mCy Description

mCqy < 1.5 Zero to very low degree of contamination
1.5<mCqy <2 Low degree of contamination

2<mCq <4 Moderate degree of contamination

4 <mCy <8 High degree of contamination

8§ <mCy < 16 Very high degree of contamination

16 <mCy < 32 Extremely high degree of contamination
mCqy > 32 Ultra high degree of contamination

The highest value of contamination factor was recorded
for Cd at station 4. The C; values are classified as low
degree to a very high degree of contamination according to
the Hakanson (1980) classification. All stations can be
interpreted as a very high degree of contamination using Cy
and high degree of contamination using mCy classification.
According to Table 9, the highest values of PLI, Cy4 and
mCy were recorded at station 4. PLI ranged from 1.22 at
station 3 to 1.55 at station 4. Cluster analysis (CA) is a
statistical method, which identifies the group of samples
that behave similarly or show a significant relationship
between different clusters. The result of cluster analysis is
shown in the form of a dendrogram, which indicates the
degree of similarity among compounds (Davis 1973; Kar-
bassi et al. 2013; Beck et al. 2013).

The dendrogram resulting from UPGMA analysis
showed four major clusters (Fig. 2). Result of cluster
analysis for Zn and LOI shows that these two elements are
related together by high similarity coefficient. As LOI in
the environment is the index of biological activity, then Zn
should have biological origin. The dendrogram also
showed that a part of Ca and Ni is derived from lithogenous
source as they are linked to Fe. Altogether, presence of four
different categories of heavy metals that are connected
together with very low similarity coefficient indicates that
there is not any relation between these four categories and
also elements in them.
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Table 9 Metal contamination factors, degree of contamination, modified degree of contamination and pollution load index for each station

Contamination factors (Cy) based on average shale content

All elements

St As Cd Hg Ni Pb Zn Ca Fe Cq mCqy PLI
1 0.32 45.00 3.45 1.46 1.11 0.42 0.50 0.81 53.07 6.63 1.39
2 0.25 32.23 3.77 1.26 0.87 0.84 0.41 0.94 40.58 5.07 1.35
3 0.25 52.30 1.99 0.69 1.61 0.47 0.41 0.80 58.51 7.31 1.20
4 0.39 55.50 391 1.09 0.92 0.92 0.51 0.89 64.14 8.02 1.56
5 0.22 53.73 1.16 1.83 0.93 0.74 0.54 1.11 60.28 7.53 1.34
6 0.28 45.37 3.07 1.32 1.08 0.60 0.45 0.96 53.13 6.64 1.40
Mean 0.29 47.36 2.89 1.28 1.09 0.66 0.47 0.92 54.95 6.87 1.37
Max 0.39 55.50 391 1.83 1.61 0.92 0.54 1.11 64.14 8.02 1.56
Min 0.22 32.23 1.16 0.69 0.87 0.42 0.41 0.80 40.58 5.07 1.20
WPiMA Pb moderately polluted to moderately to strongly polluted) for
{ cd various studied elements.

5 LOI The highest value of contamination factor was recorded
Zn for Cd at station 4. The Cy values are classified as low
c Ca degree to a very high degree of contamination. All stations
Fe can be interpreted as a very high degree of contamination
{Ni using C4 and high degree of contamination using mCgy
o — Hg classification. The highest values of PLI, C4 and mCy were
L As recorded at station 4. PLI ranged from 1.22 at station 3 to

05 025 00 025 050 075 10 1.55 at station 4.

Fig. 2 Dendrogram showing clustering of metals and LOI

Conclusion

The intensity of pollution at the studied area was evaluated
using enrichment factor (EF), geo-accumulation index
(Igeo), pollution index (Ipon), contamination factor (Cy),
modified degree of contamination (mCy) and pollution load
index (PLI) for (Ca, Fe, Ni, Cd, Pb, Zn, AS, Hg) in fine
fraction sediments collected from 6 stations in Bamdezh
wetland, Iran. Also, the chemical sequential extractions
were employed for determination of the anthropogenic
portions of metals. The heavy metal concentration in the
sediments was described in the descending order of
Fe > Ca > Ni > Zn > Pb > Cd > As > Hg. The results
of partition studies revealed the arrangement of anthropo-
genic portions for the metals as follows: Cd (86 %) > Pb
(80 %) > Ni (46 %) > Zn (44 %) > Fe (24 %). The mean
enrichment factor values for various metals were between
minimal enrichment and extremely enrichment. The max-
imum mean EF value belongs to Cd (Cd = 45.55) indi-
cating extremely enrichment, and also, the minimum mean
EF value is seen for As (As = 0.28) showing minimal
enrichment. The results show the limitation of I, index in
the assessment of pollution. The values obtained from /.y
index are indicative of a broad range (from unpolluted to

Result of cluster analysis for Zn and LOI shows that
these two elements are related together by high similarity
coefficient. As LOI in the environment is the index of
biological activity, then Zn should have biological origin.
The dendrogram also showed that a part of Ca and Ni is
derived from lithogenous source as they are linked to Fe.
Altogether, presence of four different categories of heavy
metals that are connected together with very low similarity
coefficient indicates that there is not any relation between
these four categories and also elements in them.
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