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ABSTRACT: Over the last few decades, Anzali wetland has been at risk of pollutants, 
especially from heavy metals. The present research analyzes some physical and chemical 
properties and heavy metals concentration in 27 points in nine stations of Anzali wetland. 
The samples of each station have been mixed, acidic digested, and analyzed by 
inductively coupled plasma mass spectrometry (ICP-MS). The mean concentrations of 
Fe, Mn, Pb, Zn, As, Cd, Cu, Hg, Ni, and Cr have been 50527.2, 1210, 23.3, 79.4, 8.8, 
0.23, 32.1, 0.25, 31.6, and 31.5 mg/Kg, respectively. In addition, it can be seen that the 
concentrations of Cd (0.31 mg/Kg) and As (25.47 mg/Kg) in Hendekhale station, Hg 
(0.52 mg/Kg) in Pirbazar station, and Pb (52.69 mg/Kg) in Khazar villa station surpass 
world surface rock average. According to contamination factor (CF), in case of Mn and 
Pb, both Hendekhale, and Khazar Villa stations have been in considerable contamination 
level. The calculation of Pollution Load Index (PLI) shows that Hendkhaleh and Khazar 
Villa stations have had moderate pollution. The mCd index survey indicates that only in 
Hendekhale station, has heavy metals contamination been at a low degree level of 
contamination. According to PER index, mercury metal contamination in Hendekhale 
station faces medium risk. The calculated mean ERM quotient indicates the probability of 
heavy metals toxicity, equal to 21% in the examined stations. 

Keywords: Caspian Sea, Contamination Factor, Pollution load index (PI), Toxic elements. 

 
 
 
INTRODUCTION


 

Metals enter aqueous environments mostly 

through atmospheric phenomena, land 

erosion, and human activities such as 

domestic and industrial wastewater 

production not to mention mining operations 

(Rzetala, 2015). Sediments, which act as a 

sink for the storage and accumulation of 

metals, readily adsorb heavy metals 

(Karbassi et al., 2008; Vukovic et al., 2014). 

Measurement of heavy metals in the 

sediments is a suitable tool to determine 

pollution levels in aqueous ecosystems (Xiao 
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et al., 2013). Many researchers have 

conducted extensive research on sediment 

pollution via heavy metals because of the 

toxicity, stability, and non-degradability of 

these elements and their compounds in the 

environment and since heavy metals, even at 

low concentrations, pose a threat to aquatic 

organisms and human beings (Fu et al., 

2014; Raju et al., 2012; Harikrishan et al., 

2017). Unfortunately, the Anzali Lagoon is 

exposed to the serious danger posed by 

pollution from heavy metals in recent years, 

due to unsuitable management and excessive 

entry of contaminants, present in domestic, 

agricultural, and industrial wastewater 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwiEhPfg54bXAhWBTRoKHYQADrEQFgguMAE&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FNorthern_Iran&usg=AOvVaw2lOJBiatORNxLqd_tAm4B9
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discharged into the lagoon (Zamani 

Harghalani et al., 2014; Ziarati et al., 2015). 

Khosheghbal et al. (2012) reported that the 

average concentration of Co, Cr, Cd, As, Cu, 

Zn, Pb, Ni, Mn, and Fe in the sediments of 

Anzali wetland was equal to 20.29, 98.72, 

0.25, 12.49, 54.58, 109.83, 22.87, 68.22, 

1540, and 49000 mg/kg, respectively. 

Jamshidi & Bostami (2016) reported that 

concentrations of arsenic, nickel, chromium, 

and copper in the sediments of the Anzali 

Lagoon were higher than the Sediment 

Quality Guidelines (SQGs). Stable and 

widely spread in aqueous ecosystems, these 

metals have a strong tendency to accumulate 

in the tissues of living organisms such as 

fishes, wetland plants, and birds (Alhashemi 

et al., 2011, 2012). Because of above-

mentioned characteristics they may endanger 

the natural physiological processes of 

organisms, and may also enter the human 

food chain through biomagnification (Water 

Research Commission, 2014; Yilmaz et al., 

2018). Results of the research by Salamat et 

al. (2016) showed that concentration of lead 

in tissues of pike (Esox lucius) in the 

Pirbazar and Anzali regions exceeded the 

permissible levels, established by World 

Health Organization (WHO). Khanipour et 

al. (2016) stated that accumulation levels of 

the heavy metals lead and zinc in the edible 

muscle tissues of Crucian carp (Carassius 

auratus) exceeded the standard permissible 

limits, set by Food and Drug Administration 

(FDA) and WHO. Considering Anzali 

wetland's registration as an international 

wetland in Ramsar Convention in 1975 along 

with its significance in different aspects of 

environment, fishing, and tourism, this study 

aims at investigating the concentration of 

heavy metals (iron, zinc, manganese, 

mercury, copper, arsenic, lead, nickel, 

cadmium, and chromium) in various parts of 

Anzali wetland, comparing it with other 

studies. 

MATERIALS AND METHODS 
Anzali wetland is located in the southwest 

region of Caspian Sea in Guilan Province 

with an area of about 193 km
2
. It is 24 m 

below the free water level, being located in 

the geographical range of 48°45′ to 49°42′ 

eastern longitude and 36°55′ to 37°32′ 

northern latitude. Eleven main rivers and 

30 sub-rivers flow to the wetland after 

irrigation of farms and rice fields with 

runoff waters with 3600 square kilometers 

catchment area. Regarding the ecological 

importance of this ecosystem, more than 

150 species and more than 1 million birds 

migrate to Anzali wetland throughout the 

winter. It is covered with reed bed, playing 

a key role for fish spawning and growth. In 

terms of tourism, more than two million 

people visit the lagoon every year and with 

regard to the environmental importance of 

the wetland, it can be said that due to the 

arrival of a large number of the province's 

rivers as well as wastewater to the wetland, 

it plays a vital role for refining the Caspian 

Sea and the living organisms of these 

ecosystems (Naderi et al., 2017; Zamani 

Hargalani et al., 2014, khosheghbal et al., 

2013). Sampling containers were rinsed 

with distilled water, got filled with HNO3 

3%, and were allowed to stay still for 24 

hours so that all metals would be removed. 

Sediment samples were taken from 9 

stations, with each sample being consisted 

of three sub-samples, collected from the 

surrounding of each site (within 50×50 m
2
, 

1 kg each) (Fig.1). Surface sediments (0–

10-cm) were randomly collected, using 

stainless steel Van Veen grab.  

In order to measure some 

physicochemical properties of the sediments, 

the sediment samples were initially air dried 

and then oven-dried at 105 C° for 8 h to a 

constant weight. Then, they were ground and 

passed through a 10-mesh sieve prior to 

analysis. The samples were baked in a 

muffle furnace at 550 C for 6 h and organic 

matter percentage was determined by 

measuring the weight loss (Jia et al., 2011). 

Electrical conductivity and pH were also 

measured in 1:1 water–sediment slurry via 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Alhashemi%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=20694580
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EC- (JENWAY 4320) and pH-meter 

(UNICAM 9455) (Sparks, 1996). Percentage 

of clay was measured, using traditional 

hydrometer method (Gee & Bauder, 1986). 

In order to measure heavy metals in the 

sediments (oven-dried and passed through 

a 10-mesh sieve) (Djordjevic et al., 2012; 

Pandey & Singh, 2017), acid digestion of 

sediment was performed. For this purpose, 

the mixture of HCl and HNO3 with a ratio 

of 3:1 was added to one gram of the 

sediment. The samples were then digested 

in the two-acid mixture at 100°C on a hot 

plate for three hours. Once cooled down, 

the digested solution was filtrated and in 

order to remove contamination, 2 ml of 

10% potassium solution was added to the 

filtered sample. Finally, heavy metal ions 

were analyzed by using coupled plasma 

mass spectrometry inductively (SPECTRO 

ARCOS) (Amini Ranjbar, 1998; Pandey & 

Singh 2017). To determine the 

contamination level of the studied area, 

Contamination Factor (CF), Pollution Load 

Index (PLI), Geo-Accumulation Index 

(Igeo), Potential Ecological Risk (PER) 

index, and mean ERM quotient index were 

calculated in accordance with the total 

concentration of the elements. 

Contamination Factor (CF): The 

contamination level of the sediments by 

heavy metals is described, using the 

pollution factor index. It is calculated with 

Formula 1, wherein Cm Sample is the 

concentration of the element in the 

sediment sample and Cm background is the 

average element concentration in the 

surface rocks, measured by Martin and 

May Beck (Martin & Meybeck, 1979). 

metal

background

Cm  
CF

Cm


 
(1) 

 

Fig. 1. Sampling stations in Anzali wetland 

Table 1. Contamination Factor (CF) and Contamination level (Hakanson 1980) 

Contamination Level Grade Contamination Factor )CF( 
Low Contamination I CF<1 

Moderate Contamination II 1 ≤ CF < 3 
Considerable Contamination III 3 ≤ CF < 6 

Very High Contamination IV CF>6 
 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi8tM2ViKDWAhUB2RoKHcusACEQFggnMAA&url=http%3A%2F%2Fwww.spectro.com%2Fproducts%2Ficp-oes-aes-spectrometers%2Farcos-inductively-coupled-plasma&usg=AFQjCNEpVh0gemQBBzHxrOWSeuIu769YoQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi8tM2ViKDWAhUB2RoKHcusACEQFggnMAA&url=http%3A%2F%2Fwww.spectro.com%2Fproducts%2Ficp-oes-aes-spectrometers%2Farcos-inductively-coupled-plasma&usg=AFQjCNEpVh0gemQBBzHxrOWSeuIu769YoQ
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Pollution Load Index (PLI): This 

indicator is employed to show the 

contamination of every region and can show 

an estimate of the level of metal 

contamination. It can be calculated, using 

formula 2. 

 
1/

1 2 3 nPLI    CF CF  CF CF
n

   
 

(2) 

In which "n" and Cf are the number of 

measured metals and contamination factor, 

respectively (Tomlinson et al., 1980). PLI 

values vary from zero (non-contaminated) to 

10 (very contaminated). Typically, values 

below 1 are suggestive of non-contamination, 

while those above 1 indicate contamination 

with heavy metals (Harikumar et al., 2009). 

Contamination Degree Index (Cd): In 

1980, Hakanson introduced another index 

called "Contamination Degree". In 2008, 

Abraham and Parker modified it to the mCd 

index based on the following relations: 

8
i

f

i 1

Cd C



 

(3) 

where CF is a factor of contamination and 

Cd is the total of CF, calculated with 

Equation 1. 

8 i

fi 1
C     

mCd
n




 
(4) 

In which Cf stands for contamination 

factor and n is the number of analyzed 

parameters. The mCd allows studying a 

variety of heavy metals without any 

limitation. 

Geo-accumulation Index (Igeo): This 

index was first introduced by Muller in 

1979 (Muller, 1979). It is calculated to 

measure and determine the contamination 

of sediments by comparing the current 

concentrations of an element with its 

amount prior to industrialization in the 

sediments. It is defined based on the 

following formula (5).  

n

n

C
Igeo log2

1.5B

 
  

   
(5) 

where Cn is the heavy metal concentration 

in the sediment sample and Bn, the amount 

of the metal in the shale (in mg/Kg). The 

constant number of 1.5 was applied to 

minimize the effect of possible alterations 

in the field value, related to lithologic 

changes. Based on the results, obtained 

from the land accumulation index, seven 

categories of contamination can be 

detected, shown in the table below 

(Harikrishnan et al., 2017). 

Table 2. Hakanson rankings on the basis of sediment CF contamination factor  

(Hakanson, 1980; Abrahim & Parker 2008) 

Degree of Contamination Description 

Cd<6 Low degree of contamination 

6<Cd<12 Moderate degree of contamination 

12<Cd<24 Considerable degree of contamination 

Cd>24 The very high degree of contamination 
 

Table 3. Classification of sediment according to mCd (Abrahim & Parker 2008, Hafizur et al., 2012) 

The modified degree of contamination 

(mCd) 
Description 

mCd < 1.5 Zero to the very low degree of contamination 

1.5≤ mCd<2 Low degree of contamination 

2≤ mCd <4 Moderate degree of contamination 

4≤ mCd<8 High degree of contamination 

8≤ mCd <16 The very high degree of contamination 

16≤ mCd <32 The extremely high degree of contamination 

mCd ≥ 32 Ultra-high degree of contamination 
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Table 4. Mullers classification for geo-accumulation index (Igeo) 

Sediment Quality Igeo value Class 
Unpolluted <0 0 

From unpolluted to moderately polluted 0-1 1 
Moderately polluted 1-2 2 

From moderately to strongly  polluted 2-3 3 
Strongly  polluted 3-4 4 

From strongly to extremely polluted 4-5 5 
Extremely polluted >6 6 

 

Potential Ecological Risk (PER) 

Index: The potential ecological risk index 

was introduced to evaluate the amount of 

metal contamination in sediments. The 

formulae, required to calculate this index, 

are given below (Hakanson, 1980). 

E TC  (6) 

a

b

C
C

C


 
(7) 

PER E TC    (8) 

wherein, C represents the contamination 

factor of the examined element, Ca is the 

amount of that element in the samples, and 

Cb is the amount of elements in the 

reference. E is the PER factor of each 

element individually and T, the biological 

toxicity factor of any element with values 

as follows: Cu = Pb = 6, Zn = 1, As = 10, 

Cd = 30, Cr = 2, Ni = 6 and Hg = 40. 

(Hakanson, 1980). PER is a comprehensive 

ecological index of potential environmental 

risk, equivalent to the sum of E's. 

Mean ERM quotient index: The 

Sediment Quality Guidelines (SQGs) appear 

to be an important tool for assessing 

pollution in marine and ocean sediments. 

Two sets of these SQGs, designed for marine 

and ocean ecosystems, were used in this 

study to assess the environmental hazard of 

metals in the sediments (MacDonald et al., 

1996; Long & MacDonald, 1998). They 

included (a) The effect range low 

(ERL)/effect range median (ERM) and (b) 

the threshold effect level (TEL)/probable 

effect level (PEL) values. The low range 

amounts (i.e., ERLs or TELs) are often 

concentrations lower than expected with 

adverse impacts on animals living in the site 

of sedimentation. In contrast, the ERMs and 

PELs represent chemical concentrations, 

above which the adverse effects may occur 

(Long & MacDonald, 1998). Since the 

metals always occur in sediments as complex 

mixtures, the mean ERM quotient method 

was employed to determine the possible 

biological effect of combined metal groups 

by calculating mean quotients for a large 

range of contaminants, using the formula 

below (Carr et al., 1996; Gao & Chen, 2012):  

x

x

C
Mean ERM quotient   / n 

ERM

 
  

 


 
(9) 

where Cx is the sediment concentration of 

component x; ERMx, the ERM of x; and n, 

the number of components. 

 

Table 5. Some physical and chemical properties of the sediment 

Number Station Depth 
(m) X Y pH EC 

(ds/m) 
Clay 
(%) 

Organic Matter 
(%) 

1 Jazire Beheshti 2.3 364228 4147087 7.9 1.32 11 6.04 
2 Nahang Roga 4.0 364373 4147453 8.0 5.75 35 9.68 
3 Sosar Roga 1.5 365124 4146981 8.2 1.62 39 7.96 
4 Pirbazar 1.5 367358 4140698 7.8 1.85 15 6.30 
5 Sheijan 2.0 366551 4142951 8.1 0.71 47 9.16 
6 Sorkhankol 0.5 363143 4144043 8.1 1.25 33 9.35 
7 Hendekhale 1.2 353142 4142246 8.2 2.16 49 13.90 
8 Siahdarvishan 0.6 358972 4141820 8.2 0.97 21 4.13 
9 Khazar Villa 0.5 358160 4147267 8.0 4.64 18 22.50 
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Fig. 2. Heavy metal distribution in different locations' sediments  
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As shown in Fig. 3, the amounts of 

arsenic, chromium, nickel, copper, 

manganese, zinc, and cadmium were the 

highest in HendeKhaleh station. In case of 

lead, iron, and mercury, Khazar Villa, 

Sorkhankol and Pirbazar stations had the 

highest values, respectively. 

Results from heavy metals' measurement 

showed that the average concentrations of 

iron, manganese, and lead had been higher 

than the average element concentration in the 

world surface rocks (Martin & Meybeck, 

1979). Also, the average concentrations of 

iron, manganese, lead, zinc, cadmium, and 

arsenic were higher than the average 

concentrations of elements in the earth's crust 

(Esmaeilzadeh et al., 2016). 

Table 6 compares the mean 

concentration of heavy metals in this study 

with those of other studies in Iran and the 

world. As seen in Table 6, the amount of 

iron in the Sorkhankol station was higher 

than all conducted studies. Zinc values, 

obtained, were higher than the studies by 

Harikrishnan et al. (2017) in Tamil Nadu, 

India; Pandey & Singh (2017) in Ganga, 

China; Pejman et al. (2017) in North West 

Persian Gulf, Iran; Karbassi & Pazoki 

(2015) in Shavoor River, Iran; and Moore 

et al. (2015) in Gowatr Bay, Iran. The 

mean concentration of manganese in this 

research stood higher than all other studies, 

except the one by Esmaeilzadeh et al. 

(2016) in Anzali wetland. Nickel 

concentration was lower than other 

amounts, reported in Anzali wetland, but 

was higher than the studies by 

Harikrishnan et al. (2017) in Tamil Nadu, 

India; Pandey & Singh (2017) in Ganga, 

China; and Karbassi & Pazoki (2015) in 

Shavoor River, Iran. In case of lead, the 

values obtained in this study had been 

higher than the lead concentrations, found 

in the studies by Khosravi et al. (2011), 

Naseh et al. (2012), Jamshidi & bastami. 

(2016), Khosheghbal et al. (2013), and 

Alizade et al. (2018), all conducted in 

Anzali Wetland, Iran, as well as the ones 

by Harikrishnan et al. (2017) in Tamil 

Nadu, India; Moore et al. (2015) in Gowatr 

Bay, Iran; and Taghinia et al. (2011) in 

Kabini River, India. For Cu, the values 

obtained were higher than the findings of 

Alizade et al. (2018) in Anzali wetland, 

Iran; Karbassi & Pazoki (2015) in Shavoor 

River, Iran; Moore et al. (2015) in Gowatr 

Bay, Iran, Vaezi et al. (2015) in Persian 

Gulf, Iran; Pandey & Singh (2017) in 

Ganga, China; and Niu et al (2015) in 

Taihu Lake, China. Obtained Cadmium 

values were higher than the researches, 

conducted by Khosravi et al. (2011), Naseh 

et al (2012), and Khosheghbal et al. (2013). 

all in Anzali wetland, along with the one 

by Fu et al. (2013) in Taihu Lake, China. 

In case of Arsenic, the values obtained in 

this study was only higher than the 

concentrations in Harikrishnan et al. 

(2017), whose research had been 

conducted in Tamil Nadu, India. 

Table 6. The concentration of heavy metals in sediment samples and their comparison with the average 

concentration of the elements in surface rocks, earth crust, and different standard values 

CCME
3

 USEPA
3

 WHO
3

 

Mean 

Earth’s 

crust
2

 

World surface 

rock average
1

 
Mean Maximum Minimum Metal 

- 30 - 41000.0 35900.0 50527.23 188812 16270.00 Fe 

37.3 25 25 100.0 71.0 31.48 46.14 17.15 Cr 

- 30 - 950.0 750.0 1210.44 3261.00 245.00 Mn 

35 40 - 14.0 16.0 23.36 52.69 10.66 Pb 

123 110 123 75.0 127.0 79.37 116.93 40.07 Zn 

35.7 16 25 50.0 32.0 32.10 58.10 17.96 Cu 

0.6 0.6 0.6 0.2 0.2 0.23 0.31 0.17 Cd 

- 16 20 80.0 49.0 31.66 57.93 17.13 Ni 

- - - 5.0 13.0 8.81 25.47 4.16 As 

- - - - 0.4 0.25 0.52 0.09 Hg 
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Table 7. Concentrations of heavy metals in the Anzali wetland sediments (in mg/Kg) in comparison with 

other local and world river sediment studies  

Reference Fe Mn Ni Cr Zn Pb Cu Cd As Rivers and wetlands 

This study 

5
0
5
2

7
.2

 

1
2
1
0

.4
 

3
1
.6

 

3
1
.4

 

7
9
.3

 

2
3
.3

 

3
2
.1

 

0
.2

3
 

8
.8

 

Anzali wetland 

Alizade et al. (2018) 

3
8
6
0

0
 

1
9
3
0

0
 

5
3

 

9
5

 

8
6

 

2
0

 

3
1

 

-
 

-
 

Anzali wetland 

Harikrishnan et al. (2017) -
 

-
 2
4
.8

 

8
0
.0

 3
9
.7

 

1
1
.1

 

-
 

-
 5

.3
 

Tamil Nadu, India 

Pandey and Singh (2017) 

3
1
9

8
8
.6

 3
7
2

 2
6
.7

 6
9
.9

 6
7
.8

 2
6
.7

 2
9
.8

 

1
.7

 

- 

Ganga, China 

Pejman et al (2017) 

-
 

-
 1
1
2

.1
 

8
9

 6
2
.5

 

4
8
.3

 

3
2
.1

 

0
.8

 

- 

North West Persian Gulf 

Jamshidi and bastami (2016) 

4
3
2
0

0
 

- 

4
3
.2

 1
0
2

.0
 

8
8
.0

 1
1
.9

 3
9
.3

 0
.5

5
 1

1
.0

 

Anzali wetland 

Esmaeilzadeh et al. (2016) 

4
3
2
0

0
 

1
2
7
0

 

8
9

 1
1
8

 1
2
9

 

2
4

 5
5

 0
.3

8
 

2
0

 

Anzali wetland 

Moore et al. (2015) 

2
9
7
0

0
 

6
1
6

 

8
4

 

5
4

 

6
2

 

1
7

 

2
5

 

-
 

-
 

Gowatr Bay, Iran 

Karbassi and Pazoki (2015) 

2
3
3
0

0
 

4
9
5

.1
 

4
4
.9

 

-
 5
7
.2

 

-
 3

1
 

- - 
Shavoor River, Iran 

Vaezi  et al. (2015) 

- 3
5
1

 

6
2

 

4
3

 

9
3

 

-
 2

2
 

-
 1
0
.5

 

Persian Gulf 

Niu et al. (2015) - - 

3
4
.3

 7
2
.1

 7
9
.7

 2
9
.8

 2
8
.2

 0
.7

4
 

- 

Taihu Lake,China 

Khosheghbal et al. (2013) 

4
9
0
0

0
 

1
5
4
0

 6
8
.2

 7
2
.9

 1
0
9

.8
 

2
2
.8

 5
4
.5

 0
.2

5
 1

2
.4

 

Anzali wetland 

Fu et al. 2013 - - 

3
6
.2

 6
8
.0

 1
0
5

.5
 

3
3
.5

 3
4
.1

 0
.1

4
 

- 

Taihu Lake, China 

Naseh et al (2012)          Anzali wetland 
 

2
3
8
7

0
 

-
 8
0
.0

 1
2
6

.7
 

1
2
0

.9
 

2
4
.6

 

-
 0

.2
 2

8
.7

 

Anzali wetland 

Wang et al. (2011) - - 

4
1
.9

 1
0
8

.0
 2

3
0

.4
 

4
9
.2

 6
0
.0

 

1
.0

 

- 

Yangtze, China 

Taghinia et al. (2011) 

1
5
9
7

.7
 

1
1
5

.6
 

9
1
.1

 2
5
4

.5
 

8
7
.9

 

1
1
.6

 1
1
0

.5
 

-
  

Kabini River, India 

Khosravi et al. (2011) - - - - 

1
8
6

.9
 

0
.0

 4
4
.4

 0
.1

5
 

- 

Anzali wetland 

 

Table 8 lists the values of contamination 

factor for each element and the pollution 

load index of each station. Regarding the 

contamination factor of the iron element, 

stations 3, 5, 7, and 9 had moderate and 

station 6 had a significant degree of 

pollution. In case of chromium and zinc, 

according to the values obtained for the 
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pollution factor, the contamination level of 

these elements was low. As for lead, 

stations 2, 3, 5, and 7 were moderately 

polluted, but station 9 was significantly 

contaminated. In case of manganese, 

stations 3, 5, 6, and 8 experienced low 

pollution levels, while stations 7 and 9 

were at a significant level of pollution. As 

for arsenic, nickel, and mercury, station 7 

(Hendekhaleh) also had a moderate level of 

pollution. In case of copper, stations 2, 5, 

7, and 9 had a moderate pollution level. 

And as for cadmium, stations 2, 3, 4, 5, and 

6 had a moderate level of pollution. The 

values of Cd (Table 7) showed that stations 

2, 3, 5, and 6 were at the moderate level of 

pollution, while stations 7 and 9 were at a 

significant one. In addition, the comparison 

with the mCd index indicated that station 7 

was at a low pollution level. Also, the 

results of measurement of pollution load 

index (PLI) showed that two stations of 

Hendekhaleh and Khazar Villa had a 

pollution load index over 1. According to 

the values of this index (less than 1 = no 

pollution, between 1 and 2 = moderate 

pollution, between 2 and 3 = high 

pollution, and more than 4 = extremely 

heavy pollution) (Chakravarty & Patgiri, 

2009; Seshan et al., 2010), these two 

regions had a moderate level pollution to 

heavy metals (Harikumar et al., 2009).  

PLI results of Hendekhaleh, concerning 

contamination with heavy metals, are 

consistent with those of Khosheghbal et al. 

(2013). This can also be attributed to the 

higher percentage of clay in this area than 

other parts and the highest amount of 

organic matter after station 9. The 

researchers argued that fine sediments with 

relatively high area to volume ratio, 

organic carbon, and higher ionic absorption 

affinity were effective in absorbing metals 

(McCave, 1984; Horowitz & Elrick 1987).  

The higher pollution rate of the 

Hendekhaleh and Khazar Villa stations, 

compared with the eastern parts, can be 

attributed to higher percentage of organic 

matter and electrical conductivity in this 

station than the rest of the areas. The 

researchers indicated that there was a high 

correlation between the amount of organic 

matter in the sediment and the electrical 

conductivity of sediment with heavy 

metals, and due to high complexation 

capacity with metals, the organic matter 

was the main source of heavy metal 

deposits in the sediments (Coquery & 

Welbourn 1995; Bai et al., 2012; Bastami 

et al., 2015). Another reason can be the 

proximity of this area to urban areas, 

especially Khazar Villa town. 

Results of Igeo index showed that most 

of the stations stood at zero values and 

the contamination level of heavy metals in 

many stations was in an unpolluted level, 

although in few stations, the level of 

contamination was in the range of 

unpolluted to moderately 

polluted, according to table 4. 

Table 8. Contamination factor values, pollution load index, and modified degree of contamination for 

sediment samples of Anzali wetland  

mCd Cd PLI Fe Zn Pb Mn Cr As Cd Ni Cu Hg Station 

0.58 5.83 0.55 0.65 0.50 0.66 0.65 0.41 0.32 0.96 0.50 0.56 0.58 1 

0.86 8.64 0.79 0.85 0.61 1.16 0.94 0.57 0.35 1.26 0.74 1.48 0.63 2 

0.89 8.95 0.82 1.01 0.74 1.48 1.06 0.57 0.47 1.49 0.74 0.93 0.43 3 

0.55 5.53 0.49 0.45 0.84 0.91 0.32 0.29 0.42 1.00 0.34 0.67 0.24 4 

0.98 9.84 0.90 1.06 0.63 1.48 1.74 0.42 0.71 1.28 0.70 1.09 0.69 5 

1.04 10.42 0.63 5.25 0.31 0.91 1.02 0.25 0.41 0.98 0.41 0.56 0.27 6 

1.77 17.78 1.56 1.71 0.92 2.32 4.34 0.64 1.95 1.57 1.18 1.81 1.29 7 

0.63 6.39 0.57 0.60 0.37 0.88 1.05 0.24 0.52 0.84 0.43 0.622 0.80 8 

1.35 13.52 1.10 1.05 0.66 3.29 3.35 0.56 0.90 0.90 0.72 1.27 0.77 9 
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As seen in Table 9, the highest PER rates 

were related to two elements of cadmium 

and mercury, while the lowest PER rate was 

related to two elements of zinc and 

chromium. According to the classification 

(Hakanson, 1980), the PER rates in the 

sediments by metals are divided into the 

following categories: Low risk: E <40; PER 

<150, Medium risk: 40 ≤ E <80; 150 ≤ PER 

<300, Significant risk: 80 ≤ E <160; 300 ≤ 

PER <600, High risk: 160 ≤ E <320; PER ≥ 

600, and Very high risk: E ≥ 320. According 

to what was mentioned above, the ecological 

risk factor (E) rate for all metals was 

individually less than 40 and the PER index 

value was less than 150 in different regions. 

Therefore, in terms of ecological risk, the 

concentration of heavy metals was at low 

risk. These results are consistent with those 

of Jamshidi & Bastami's research (2016). 

As shown in Table 10, the maximum 

concentrations of Cu and Pb were greater 

than ERLa. However, the mean 

concentration of these elements was lower 

than the ERLa standard. The mean and 

maximum concentrations of Zn, Cr, and Cd 

were also lower than the ERLa. In case of 

Ni, As, and Hg, both the mean and 

maximum concentrations of these elements 

were higher than ERLa and ISQGc. 

As seen in Fig. 3, all calculated Mean 

ERMs quotients were below 0.5, occurring 

within the range of 0.1 to 0.38. According 

to the classification, the probability of 

toxicity was 21%. Jamshidi et al., (2016) 

(from Anzali wetland) also obtained the 

Mean ERM quotient within the range of 

0.15 to 0.34. 

Table 9. Potential ecological risk (PER) index and E values 

PER Zn Pb Cr As Cd Ni Cu Hg Station 
65.94 0.51 3.33 0.83 3.20 28.80 3.05 2.82 23.4 1 
86.59 0.61 5.84 1.15 3.57 37.95 4.46 7.42 25.5 2 
85.24 0.75 7.43 1.15 4.70 44.70 4.46 4.65 17.4 3 
55.70 0.85 4.56 0.58 4.27 30.15 2.10 3.39 9.8 4 
91.80 0.63 7.43 0.84 7.18 38.40 4.24 5.47 27.6 5 
55.34 0.31 4.58 0.51 4.19 29.55 2.49 2.81 10.9 6 

148.46 0.92 11.62 1.30 19.59 47.25 7.09 9.08 51.6 7 
73.71 0.37 4.44 0.48 5.23 25.35 2.63 3.11 32.1 8 
96.10 0.67 16.46 1.13 9.06 27.00 4.37 6.39 31 9 

- 0.62 7.29 0.88 6.77 34.35 4.33 5.01 25.5 Average 

Table 10. Comparison between heavy metal concentration in Anzali wetland and sediment quality 

guidelines from NOAA (Long et al., 1995) and Environment Canada (ISQG, 1995) 

SQGs 

   
Heavy 

metals 
    

As 

(ppm) 
Cd(ppm) Cr (ppm) Cu (ppm) Ni (ppm) Pb(ppm) Hg (ppm) Zn (ppm) 

ERLa 8.20 1.20 81.0 34.0 20.90 46.70 0.15 150.00 

ERMb 70.00 9.60 370.0 270.0 51.60 218.00 0.71 410.00 

ISQGc 7.24 0.68 52.3 18.7 15.90 30.20 0.13 124.00 

PEL 41.60 4.21 160.0 108.0 42.80 112.00 0.70 271.00 

This 

study 

8.81 

(4.16-

25.47) 

0.23 

(0.16-

0.315) 

31.5 

(17.15-

46.14) 

32.1 

(17.96-

58.10) 

31.66 

(17.13-

57.93) 

23.36 

(10.66-

52.69) 

0.25 

(0.098-

0.516) 

79.37 

(40.07-

116.93) 

a ERL = Effect range low (NOAA). 

b ERM = Effect range medium (NOAA). 

c ISQG= Interim sediment quality guideline (Environment Canada). 

d PEL = Probable effects level (Environment Canada). 
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Fig. 3. Mean ERM quotient in the sediment samples of Anzali wetland 

CONCLUSION 
Results of this study provide valuable 

information about metal heavy pollution and 

physical characteristics of sediment from 

different sampling stations of Anzali 

wetland. The order of the mean 

concentrations of examined heavy metals 

was: Fe > Mn > Zn> Cu > Ni > Pb > Cr > As 

> Hg > Cd. Geoaccumulation Index (Igeo), 

contamination factor (CF), Pollution load 

index (PLI), modified Contamination degree 

Index (mCd), Potential Ecological Risk 

(PER) Index, and Mean ERM quotient index 

were successfully used for assessment of 

contamination. According to Igeo: the 

sediments quality was in unpolluted to 

moderately polluted condition for Fe, Cd, Pb, 

As, Mn, and Cu while according to 

contamination factor (Cf): Pb, Fe, and Mn 

were responsible for considerable 

contamination and Cd, Ni, Cu, Hg, and As, 

for moderate contamination. According to 

PLI index and modified Contamination 

degree Index (mCd), Stations 7 

(Hendekhaleh) and 9 (Khazar Villa) were 

polluted with heavy metals. The result of 

Potential Ecological Risk (PER) Index 

showed that cadmium and mercury had the 

highest PER index rates but in comparison 

with PER index categories, the concentration 

of these heavy metals was at low risk. 

According to the sediment quality guidelines, 

both the mean and maximum concentrations 

of nickel, Arsenic, and Mercury elements 

were higher than ERLa and ISQGc. Finally, 

the result of Mean ERM quotient index 

showed that the probability of toxicity in 

Anzali wetland was 21%. 
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