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Heavy metals are found to be the most 

important and most hazardous pollutants in 

Ecotoxicologic researches (1) and due to some 

properties such as toxicity, carcinogenicity, 

mutagenicity, long half-life and high stability, 

accumulation and biomagnification in the 

trophic levels are measured as one of the major 

threats to human health and other living 

organisms (2,3). This calls for extensive 

scientific research into the assessment of 

concentration, toxicity, ecological risk, the risks 

and natural and human threats posed by the 

entry of heavy metals and other toxic and 

dangerous pollutants into the environment. The 

toxicity and dangers of pollutants, such as 

heavy metals, for living organisms depend on 

various factors such as concentration, mode and 

duration of exposure to the substance (1). 
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 Background & Aims of the Study: The present research aims to use sediment quality 

indices in the assessment of toxicity and ecological risk factors of heavy metals Pb, Cu and 

Zn in Anzali, Meighan, Shadegan and Hashilan wetlands. 

Material & Methods: Given the environmental conditions, surface sediments in 71 diverse 

stations were sampled in three replications. Having preparation and subjected to acid 

digestion of sediment samples, 0.5 g of each sample was digested with a mixture of nitric 

acid and super-pure ratio of 4 to 1 perchloric acid. Finally the concentration of these metals 

was determined using the contrAA 700 Analytic Jena Atomic absorption spectroscopy.  

Results: The results of the potential acute toxicity and the ecological risk of the considered 

metals indicated low toxicity and risk. Also, the outcomes of Modified Hazard Quotient 

(mHQ) indicated a low to moderate pollution risk in Anzali wetland, very low pollution in 

Shadegan wetland, and in Meighan wetland for Pb and Cu, low pollution to very low and 

for Zn metal it showed low to high pollution. In Hashilan wetland Modified Hazard 

Quotient for Pb and Zn showed very low pollution and for Cu it was negligible to moderate 

among others. 

Conclusion: However, the growth of urbanization and the increase of various 

anthropogenic activities such as agriculture, urban, industrial ... within the wetland  basin 

(draining area) and entry of untreated urban and rural sewage   requires urgently continuous 

monitoring of wetlands as well as the assessment of their health risks and ecological risk 

among others. 
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Heavy metals come in two directions of direct 

consumption of water and food, and the other 

non-digestive pathway through the passage of 

permeable membranes such as skin, muscle, 

and lung main substances into the human food 

chain and living organisms of the aquatic 

ecosystem (4). The accumulation of heavy 

metals in possible living beings it is either 

active or selective or resulting from the 

absorption and disposing of them or both (5). 

Some metals such as Cd, Hg and Pb have no 

important physiological roles and functions for 

living organisms, and even at low 

concentrations produce toxicities or effects 

such as mutagenicity, carcinogenicity, and 

teratogenicity and ... in organisms. Toxic 

effects of metals happen when the 

detoxification, storage, metabolism and 

excretion mechanisms cannot decrease the 

amount of intake for a long time and 

consequence in their accumulation in the body 

(6). Heavy metals can naturally flow into the 

environment, including water, soil and air, as a 

result of numerous chemical and physical 

processes such as volcanic motion, weathering, 

and soil erosion or from human resources such 

as agricultural, industrial, urban development in 

the creation environment, distributed and 

dispersed (7,8). These elements can be 

accumulated and kept in sediments due to their 

facility to bind and react with various 

components and compounds of various aqueous 

environments and different geochemical phases 

(3). Sediments are the main reservoir of heavy 

metals due to absorption, deposition, 

propagation process, chemical reactions and 

biological activity, and can effectively be used 

as a reservoir to store and stabilize heavy 

metals through adsorption processes, hydrolysis 

and simultaneous deposition in aqueous media 

or as a heavy metals production source during 

the process of changing environmental 

situations such as changing pH or oxidation 

potential and restoring the environment (9,10). 

Hence, sediments can be considered as one of 

the poles or sources of threats to human health 

and aquatic organisms. Moving and 

transporting heavy metals in the water and 

sediment matrix is influenced by the size of the 

particles and the chemical composition of the 

sediments and is significant for the overall 

concentration of heavy metals. (3,11). There are 

several methods for monitoring and monitoring 

Potential Ecological Risk Factor of heavy 

metals in the environment, especially in 

sediments and aquatic environments, including 

Pollution Load Index (PLI), Potential 

Ecological Risk Factor (Er) Risk Index (RI), 

Acute Metabolism Evaluation and Modified 

Hazard Quotient Index (mHQ). Due to the 

negative effects of heavy metals on Zn 

organisms and the health of natural ecosystems, 

their occurrence in the environment is a 

worldwide concern (8,12). In this regard, 

assessment, concentration and ecological 

damage are considered by several researchers. 

Following the rapid population growth, urban 

development and extensive human actions such 

as agriculture, industry and transportation 

around the wetlands and watershed, these areas 

are heavily affected by many contaminants, 

including heavy metals. The introduction of 

pollutants into aquatic ecosystems, while 

aggregating in the sediments of the region, 

creates many ecological threats and ecological 

hazards for living organisms, especially 

humans. 

Aims of the study: 

 The purpose of this study was to assess the 

ecological risk and toxicity of heavy metals in 

surface sediments of Anzali, Meighan, 

Shadegan and Hashilan wetland wetlands using 

sediment quality index in different areas of 

Iran. The results of this study, by presenting a 

picture of the state of pollution of heavy metals 

in the sediments of the region, the calculation 

of acute toxicity and the risks to them from 

living organisms and consumers of wetland 

products can be a means of managing and 
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conserving the important ecosystems of the 

country. 

 
Study area 

The studied areas include some of the 

internationally important wetlands and are at 

risk and threats from anthropogenic activities in 

Iran including Anzali, Shadegan, Meighan and 

Hashilan wetlands. 

- Anzali Wetland is one of the most important 

international wetlands in Iran. This wetland is 

the most important source for the breeding and 

production of sturgeon and bony fish of the 

Caspian Sea, with an estimated area 193 km
2
 in 

28 and 37 N, and 25 and 49 E in the south of 

the Caspian Sea in Gilan province, whose 

average length 30 kilometers and its average 

width is approximately 3 kilometers and its 

current area is more than 100 km
2
. 

 

 

 

 
Figure 1( Geographical position of studied wetlands and sampling stations 

  

-Shadegan wetland is an important international 

wetland with an area of about 400,000 hectares 

in the coordinate range of '17 and 48' to 50 'and 

48' E, and '17, 30' to 57 'and' 37 N in Khuzestan 

province (13). About 296,000 hectares of this 

wetland are located as a wildlife refuge in the 

mainland of the wetland (14) 

-The Meighan Wetland is also one of the 

important international and regional wetlands 

of the IBA birds, located 15 kilometers 

northeast of Arak. The wetland has an area of 

more than 50,000 hectares, the 12,000 hectare 

pond of the reservoir is located in the 

geographical coordinates of 56'40° 49' to 26'04° 

50' E and '17'06° 34 'to 05'19° 34' N is elevation 

area between 1650 and 1750 meters and has a 

gradient of 0-5 percent (15). This Meighan 

wetland is a seasonal saline lake at the end of 

the Arak plain, which is dry in the warm 

seasons due to high evaporation. The Meighan 

wetland is rich in biodiversity due to its 

location in the center of the country and the 

angle of the collision between the two Alborz 

and Zagros Mountains and the semi-arid and 

semi-arid region of the country. In the autumn 

and winter seasons, Meighan is home to a large 

number of migratory birds. 

- Hashilan wetland is located 36 km in 

northwest of Kermanshah city with coordinates 

"54", "15", "46" E, "34" 34 "to 35" 34 "N. Due 

Materials & Methods 



 

----------------------------------------------------------------- ------------------------------------------------------------ 

Archives of Hygiene Sciences                                  Volume 7, Number 4, Autumn 2018 

    © 2018 Publisher: Research Center for Environmental Pollutants, Qom University of Medical Sciences. All rights reserved. 

•Survey of Modified Hazard Quotient, Potential... Mortazavi S / Arch Hyg Sci 2018;7(4): 251-263 

254 

to the favorable conditions of this habitat, this 

wetland is a habitat for many native and 

migratory birds in the region. Figure 1 shows 

the location of the studied area and the 

sampling points. 

Sample collection 

After field study of Anzali, Shadegan, Meighan 

and Hashilan wetlands, and survey of the 

dispersion and pollution status of urban, 

industrial and agricultural resources in different 

and accessible parts of each wetland, sampling 

stations were selected and at each station 3 

samples at different points concurrently, surface 

sediments (depth 0 to 5 cm) were removed. The 

stations and samples were selected in such a 

way as to be able to access and index in the 

region, to show the possible entry of heavy 

metal pollutants and their sources (Figure 1). 

After recording the station's geographic 

location, the sample in special plastic bags, they 

were collected and coded in ice cologne and 

moved to the laboratory and stored at 4 ° C 

until the experiments. 

Sample preparation and Analysis 

To prepare the samples, the sediment was first 

placed in an oven at 70 °C for 24 hours to be 

dried completely. One gram of each dried 

sample was poured into PTFE digestive tubes 

(Polytetrafluoroe thylene) and 10 ml of 65% 

nitric acid (Merck, Germany) and 70% 

perchloric acid (Merck, Germany) in 1: 4 ratios 

was added. The PTFE tubes were placed on a 

heater at 40 °C for one hour and then the 

temperature increased to 140 °C for 3 hours. 

The contents of each tube were transferred from 

Watman No. 1 paper to a 25 ml volume of 

deionized water. To analysis control the 

quality; three blank samples were digested with 

the samples. Finally, the samples were 

measured by the atomic absorption device 797 

VA Computrace, manufactured by Metrohm, 

Switzerland (16). To analyze the data, all of the 

data obtained using SPSS 21 and 2010 Office 

Excel software were used. 

Data analysis and Risk Indices 

A) Potential ecological risk factor of heavy 

metals in the study area 

The ecological risk assessment index was used 

by Hankanson (1980) (17) to assess the risk of 

heavy metal pollution in sediments for the first 

time. This index is based on the toxicity of 

metals by modified methods by different 

researchers such as Yi et al. (2011) and Wang 

et al. (2013) (18,19). According to Hakanson 

(1980) (17), the toxicity response factor for Cu, 

Pb, and Zn is 5, 2 and 1, respectively. In this 

study, the ecological risk potential was 

calculated based on the following equation (6). 

  
  

  

  
 
   

  

 

   ∑  
 

 

   

 

Where   
 : Ecological hazard index, C

i
 and   

  

iare the measured values and background value, 
  
 : is equal to the metal toxicity response 

factor. 

If the risk index (RI) is less than or equal to 

150; low risk; if 300≥RI≥150 average risk; if 

600≥RI≥300 significant risk (high) and if 

600≤RI is very high risk assessment It's all 

about Also, if the ecological hazard of any 

metal (  
 ) is less than or equal to 40, the lower 

risk is 80≤   
  ≥40; average risk; 160≤   

  ≥80; 

significant risk; 320≤   
  ≥160 A high risk is 

320≤  
 . The risk level is considered very high. 

B) Metals toxicity assessment 

To assess the toxicity of heavy metals in 

sediments, the acute toxicity of metals was 

used. Acute toxicity potential index the 

sediment sample can be evaluated and assessed 

as total toxicity units. In this index, the Toxicity 

Unit (TU) is calculated as the ratio of the 

concentration of the metal to the PEL value of 

the metal (Equation 6). The amount of PEL 

indicates a high concentration of chemicals that 

can cause undesirable effects in the sediments 
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of the area. PEL values for Pb, Zn and Cu are 

112, 271 and 108, respectively (20). 

   
      

   
 

 

It is worth noting that Σ TU can be used to 

evaluate the acute toxicity of several metals in 

the sample. If ΣΣTU is greater than 4, there is 

acute toxicity, and if ΣâTU is less than 4, there 

is no toxicity (20). 

C) Modified Hazard Quotient (mHQ) 

Modified Hazard Quotient is a tool that 

determines the degree and risk of any metal for 

aquatic organisms and living organisms. This 

indicator is obtained from the evaluation of the 

concentration of metals in the sediments by the 

distribution of undesirable ecological synoptic 

effects for the quantitative thresholds TEL 

(PEL and SEL) and from equation (5) (TEL) 

for Pb, Cu and zinc was 35, 35.7 and 125, 

respectively) (21). 

    [  (
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Ci is the measured metal concentration of the in 

the sediment sample, TEL (Threshold Effect 

Level), PEL (Probable Effect Level), and SEL 

(Sever Effect Level). 

Based on quantitative results if the modified 

Hazard Quotient (mHQ) is higher than 3.5 or 

Cu is 3.5. Severely contaminated (very severe) 

sediments; 3.5 mHQ≥3 Very high pollution; 3> 

mHQ≥2.5; High pollution; 5.2> mHQ≥2 

Significant pollution; 2>mHQ≥1.5; medium 

pollution; 1.5> mHQ ≥ 1 low pollution; 

0>mHQ 0.5; very low pollution; if it is >0.5 

mHQ the absence of pollution or minor 

pollution of sediments in the region (22). 

 

E) Estimation of ecotoxicology. 

Different amounts of pollutants can have 

various effects on Zn organisms that are 

exposed to it. In this regard, since aquatic 

ecosystems are abundant in interaction with or 

live in bed sediments, sediments can act as an 

important source of exposure to aquatic 

organisms to pollutants. In this regard, 

standards such as Sediment Quality Guidelines 

(SQGs) and the National Oceanic and 

Atmospheric Administration (NOAA) for 

sediment have been developed, which can be 

used to classify contaminated sediments and to 

predict the risk of adverse effects Use in aquatic 

animals in contact with these sediments (23). In 

the NOAA standard, there is a twofold risk of 

pollution of metals in sediments that have been 

presented as ERL (Effect Range Low) to the 

extent that less than 10% of the biological 

communities are at risk and ERM (Effect 

Range Medium) provided that less than 50% of 

the biological communities are at risk. The 

SQGs with two Threshold Effectiveness (TEC) 

and PEC (Probable Effect Concentration) 

measures the effect threshold of effective 

concentration. In the Canadian Sediment 

Quality Standard, two levels of LEL (Lowest 

Effect Level) indicate a level of pollution that is 

tolerable to most large animals and has no 

specific effect on biological communities, and 

SEL (Sever Effect Level) indicates severe 

pollution Which threatens the health of benthic 

organisms and if the infection is higher than 

this. Precise sediment toxicity tests should be 

performed (24). In addition, in order to find out 

more realistic values of the effect of sediment 

toxicity on living organisms, the probable 

effective coefficient of PELQ and average 

effective coefficient (ERMQ) is calculated 

according to the following equations (25,26). 

1

n

i

Mi

PELi
PELQ

n




 

1

n

i

Mi

ERMi
ERMQ

n




 

Where Mi is metal concentration in sediment i; 

PELi and ERMi is probable effect level and 

Effect Range Median in the sediment i; n: the 

number of metal examined in each sample. The 

classification of the sediment pollution level 
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and the effect of sediment toxicity on the basis 

of the quantitative values of the probable effect 

level (PELQ) quotients (PELQ) and the Effect 

Range Median (ERMQ) are existing in Table 1. 

The ERM for Pb, Cu and Zn is equal to 218, 

270 and 410. 
Table1) Relationship between sediment toxicity value 

of ERMQ and PELQ (25,26) 

Sediment toxicity 

PELQ ERMQ Sediment toxicity 
<1.0 <0.1 Non Toxic 

0.1-1.5 0.1-0.5 Slightly Toxic 
1.5-2.3 0.5-1.5 Moderately Toxic 

 
 

The results of the study of variations in the 

concentration (minimum and maximum 

concentration) of the three heavy metals 

measured in the sediments of Anzali, Shadegan, 

Meighan and Hashilan wetlands in different 

regions of Iran were given in mg/kg (Table 2).  
 

Table 2) Mean concentrations of Pb, Cu and Zn in sediments of Anzali, Shadegan, Meighan and Hashilan wetlands 

(mg/kg dry weight) 

Anzali Shadegan Mighan Hashilan Station 

Pb Zn Cu Pb  Cu Pb Zn Cu Pb Zn Cu  

24.75 275.5 43.07 20.01 1 19.26 9.8 6.65 17.53 9.76 28.82 29.1 1 

54.5 305.5 42.02 24.16 2 19.65 9.1 9.63 17.03 8.10 23.72 23.48 2 

32.75 133.75 29.82 23.11 3 17.45 5.13 9.51 30.32 6.44 18.62 17.8 3 

38.75 128.75 27.07 24.13 4 18.11 12.86 7.63 138.35 6.69 35.26 19.3 4 

39.5 138.75 29.9 22.83 5 19.53 10.44 7.06 17.57 6.50 29.84 17.5 5 

42.75 159.5 29.5 23.10 6 20.26 8.52 28.95 18.12 6.30 24.42 15.6 6 

26.5 114.75 19.5 24.19 7 17.87 7.64 7.72 23.89 5.55 13.93 10.9 7 

23.25 106.5 17.92 20.81 8 19.38 18.36 6.88 16.77 5.93 19.18 13.3 8 

23.25 137.75 24.67 19.20 9 21.17 8.36 9.26 19.77 6.95 24.21 18.5 9 

18.25 167.5 18.42 20.92 10 21.77 12.57 7.61 50.6    10 

27 196 30.5  22  7.85 7.14 32.08    22 

21.5 209 29.77  12  11.23 8.05 21.12    12 

13.5 166.75 12.7  13  6.57 8.31 11.66    13 

3.5 226.75 32.37  14  7.49 8.15 23.37    14 

21.25 177.5 34.62  15  8.4 8.62 14.46    15 

16.75 176.5 35.92  16  12.96 9.01 20.83    16 

14.5 169.5 31.7  17  11.01 9.74 22.87    17 

22 216.25 37.85  18  18.45 9.6 197.56    18 

21.25 297.5 50.97  19  5.05 7.35 25.93    19 

34.75 381.5 81.92  20  11.88 6.57 49.87    20 

20.5 66.75 8.75  21  5.6 19.97 152.11    21 

31.75 229.75 34.72  22  15.23 10.93 32.61    22 

22.5 259 12.87  23  8.63 1.98 22.28    23 

17.5 83.5 15.22  24  10.44 3.93 17.65    24 

13.5 70.5 18.55  25  7.66 2.13 15.28    25 

14.75 143.5 17.1  26  4.12 6.62 15.5    26 

29.5 107.25 16.22  27  9.14 20.28 33.48    28 

17.5 131.25 33.82  28  7.44 24.14 31.76    29 

14.75 176.5 11.55  29  14.04 27.98 16.84    30 

11 64.5 13.25  30  11.82 41.16 39.73    Mean 

23.78 173.93 28.7 22.8 Station 19.44 9.92 11.41 38.23 6.91 24.22 18.4 1 

 

The mean concentration of Pb, Cu and Zn in 

Anzali wetland was 23.87±10.5, 28.7±14.75 

and 173.93±13.11, Shadegan wetland, 

22.83±58.5, 28.1±0.5 and 44.9±48.2, Meighan 

wetland 92.9±5.3, 38.23±8.03 and 11.44±8.8, 

Hashilan wetland, 6.6±0.94±0.49, 24.22±16.2 

and 18.41±1.8 mg/kg dry weight of the 

sediment. 

Ecological potential risk assessment of heavy 

metals in the study area 

Results 
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The results of ecological risk and 

environmental risk assessment of heavy metals 

in the wetlands of the studied wetlands are 

presented in Table (3). In general, these results 

show that most of the studied stations are in the 

low risk category due to the ecological risk of 

heavy metals. Furthermore, the trend of total 

hazard of metals in Anzali and Shadegan 

wetlands is evaluated as (Zn>Cu>Pb) and for 

two Meighan and Hashilan wetlands 

(Zn>Pb>Cu) (Table 3). 
 

Table 3) Results of Ecological and Environmental Risk Indices of Metals Measured in Surface Sediments of the 

Wetlands 

Anzali Shadegan Mighan  Hashilan  Station 

mHQ ∑TU mHQ ∑TU mHQ ∑TU mHQ ∑TU 

Pb Zn Cu Pb Zn Cu Pb Zn Cu Pb Zn Cu 

1.01 1.89 1.41 1.64 0.91 0.62 0.94 0.47 0.64 0.29 0.90 0.27 0.64 0.61 1.16 0.46 1 

1.50 1.99 1.40 2.00 1.00 0.59 0.95 0.50 0.61 0.35 0.89 0.27 0.58 0.55 1.04 0.38 2 

1.17 1.32 1.18 1.06 0.98 0.56 0.90 0.46 0.46 0.35 1.19 0.36 0.52 0.49 0.91 0.29 3 

1.27 1.29 1.12 1.07 1.00 0.60 0.92 0.49 0.73 0.31 2.53 1.42 0.53 0.68 0.95 0.37 4 

1.28 1.34 1.18 1.14 0.97 0.61 0.95 0.49 0.66 0.30 0.90 0.28 0.52 0.62 0.90 0.33 5 

1.33 1.44 1.17 1.24 0.98 0.61 0.97 0.50 0.59 0.61 0.92 0.35 0.51 0.56 0.85 0.29 6 

1.05 1.22 0.95 0.84 1.00 0.59 0.91 0.48 0.56 0.32 1.05 0.32 0.48 0.43 0.71 0.20 7 

0.98 1.18 0.91 0.77 0.93 0.61 0.95 0.47 0.87 0.30 0.88 0.34 0.50 0.50 0.78 0.25 8 

0.98 1.34 1.07 0.94 0.89 0.61 0.99 0.47 0.59 0.35 0.96 0.29 0.54 0.56 0.93 0.32 9 

0.87 1.47 0.92 0.95 0.93 0.61 1.00 0.49 0.72 0.31 1.53 0.61     10 

1.06 1.59 1.19 1.25     0.57 0.30 1.22 0.39     22 

0.94 1.65 1.17 1.24     0.68 0.32 0.99 0.33     12 

0.75 1.47 0.77 0.85     0.52 0.33 0.74 0.20     13 

0.38 1.72 1.23 1.17     0.56 0.33 1.04 0.31     14 

0.94 1.52 1.27 1.17     0.59 0.33 0.82 0.24     15 

0.83 1.51 1.29 1.13     0.73 0.34 0.98 0.34     16 

0.78 1.48 1.21 1.05     0.68 0.36 1.03 0.35     17 

0.96 1.68 1.32 1.34     0.88 0.35 3.03 2.03     18 

0.94 1.96 1.54 1.76     0.46 0.31 1.10 0.31     19 

1.20 2.22 1.95 2.48     0.70 0.29 1.52 0.59     20 

0.92 0.93 0.64 0.51     0.48 0.51 2.66 1.53     21 

1.15 1.73 1.27 1.45     0.80 0.38 1.23 0.48     22 

0.97 1.83 0.77 1.28     0.60 0.16 1.02 0.29     23 

0.85 1.04 0.84 0.61     0.66 0.23 0.90 0.27     24 

0.75 0.96 0.93 0.55     0.56 0.17 0.84 0.22     25 

0.78 1.36 0.89 0.82     0.41 0.29 0.85 0.20     26 

1.11 1.18 0.87 0.81     0.62 0.51 1.25 0.47     27 

0.85 1.30 1.25 0.95     0.56 0.56 1.21 0.45     28 

0.78 1.51 0.73 0.89     0.76 0.60 0.88 0.38     29 

0.68 0.91 0.78 0.46     0.70 0.73 1.36 0.63     30 

 

Acute toxicity of metals and Modified 

Hazard Quotient (mHQ) 

The results of Modified Hazard Quotient mHQ 

metals in Anzali wetland showed that the rate 

of Pb pollution was low to moderate (mHQ 

values in the range of less than 0.5 to 2); for Zn 

metal, the risk of significant pollution (mHQ 

value less than 0.5 to 2.5); and for Cu, the risk 

of pollution is very low to moderate (mHQ 

value is between 0.5 and 2). In Shadegan 

wetland, since Modified Hazard Quotient for all 

three Pb, Cu and Zn metals are in the range of 

0.5-0.46 The state of pollution of very low 

sediments; In Meighan Modified Hazard 

Quotient wetland for Pb and Cu at different 

stations in the range of 1-0 (low or very low 

pollution), the Zn concentration in the range of 

3.5-5.0 indicates that the different pollution 

levels in different stations are insignificant to 

high pollution. Also, in Hashilan Modified 

Hazard Quotient wetland for Pb and Zn at 

different stations in the range of 1-0 (low or 

very low pollution), but for Cu metal, in the 

range of 0.5-1.5, the pollution situation at the 
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station Various variables range from low to low 

pollution (Table 4). 

 

Table 4) values of the acute toxicity of metals and Modified Hazard Quotient (mHQ) in surface sediments of studied 

wetlands 

Anzali Shadegan Mighan  Hashilan  Station 

Mhq ∑TU mHQ ∑TU mHQ ∑TU mHQ ∑TU 

Pb Zn Cu Pb Zn Cu Pb Zn Cu Pb Zn Cu 

1.01 1.89 1.41 1.64 0.91 0.62 0.94 0.47 0.64 0.29 0.90 0.27 0.64 0.61 1.16 0.46 1 

1.50 1.99 1.40 2.00 1.00 0.59 0.95 0.50 0.61 0.35 0.89 0.27 0.58 0.55 1.04 0.38 2 

1.17 1.32 1.18 1.06 0.98 0.56 0.90 0.46 0.46 0.35 1.19 0.36 0.52 0.49 0.91 0.29 3 

1.27 1.29 1.12 1.07 1.00 0.60 0.92 0.49 0.73 0.31 2.53 1.42 0.53 0.68 0.95 0.37 4 

1.28 1.34 1.18 1.14 0.97 0.61 0.95 0.49 0.66 0.30 0.90 0.28 0.52 0.62 0.90 0.33 5 

1.33 1.44 1.17 1.24 0.98 0.61 0.97 0.50 0.59 0.61 0.92 0.35 0.51 0.56 0.85 0.29 6 

1.05 1.22 0.95 0.84 1.00 0.59 0.91 0.48 0.56 0.32 1.05 0.32 0.48 0.43 0.71 0.20 7 

0.98 1.18 0.91 0.77 0.93 0.61 0.95 0.47 0.87 0.30 0.88 0.34 0.50 0.50 0.78 0.25 8 

0.98 1.34 1.07 0.94 0.89 0.61 0.99 0.47 0.59 0.35 0.96 0.29 0.54 0.56 0.93 0.32 9 

0.87 1.47 0.92 0.95 0.93 0.61 1.00 0.49 0.72 0.31 1.53 0.61     10 

1.06 1.59 1.19 1.25     0.57 0.30 1.22 0.39     22 

0.94 1.65 1.17 1.24     0.68 0.32 0.99 0.33     12 

0.75 1.47 0.77 0.85     0.52 0.33 0.74 0.20     13 

0.38 1.72 1.23 1.17     0.56 0.33 1.04 0.31     14 

0.94 1.52 1.27 1.17     0.59 0.33 0.82 0.24     15 

0.83 1.51 1.29 1.13     0.73 0.34 0.98 0.34     16 

0.78 1.48 1.21 1.05     0.68 0.36 1.03 0.35     17 

0.96 1.68 1.32 1.34     0.88 0.35 3.03 2.03     18 

0.94 1.96 1.54 1.76     0.46 0.31 1.10 0.31     19 

1.20 2.22 1.95 2.48     0.70 0.29 1.52 0.59     20 

0.92 0.93 0.64 0.51     0.48 0.51 2.66 1.53     21 

1.15 1.73 1.27 1.45     0.80 0.38 1.23 0.48     22 

0.97 1.83 0.77 1.28     0.60 0.16 1.02 0.29     23 

0.85 1.04 0.84 0.61     0.66 0.23 0.90 0.27     24 

0.75 0.96 0.93 0.55     0.56 0.17 0.84 0.22     25 

0.78 1.36 0.89 0.82     0.41 0.29 0.85 0.20     26 

1.11 1.18 0.87 0.81     0.62 0.51 1.25 0.47     27 

0.85 1.30 1.25 0.95     0.56 0.56 1.21 0.45     28 

0.78 1.51 0.73 0.89     0.76 0.60 0.88 0.38     29 

0.68 0.91 0.78 0.46     0.70 0.73 1.36 0.63     30 

 

Ecotoxicology Estimation   

The findings of the investigation of the strength 

and the probability of the effect of heavy metals 

on the Zn of organisms using two, probable 

effect level (PELQ) and Effect range median 

(ERMQ) showed that the ERMQ index in 

Shadegan and Hashilan wetlands stations less 

than 0.1. Also, in these wetlands, the PELQ 

index was in the low toxicity and low toxicity 

class (less than 0.1 and 0.5-0.0), which 

indicates the low toxicity of wetland sediments 

for living organisms. Ecological toxicity at all 

stations, the Anzali wetland, with the exception 

of Station 20 (Cu Avi 0.59) was ranged from 

0.1 to 0.5 with a low risk of pollution. In 

addition, the results of calculating the PELQ 

index in the Anzali wetland showed that the 

rate for the stations is in the range of 0.1 to 1.5, 

which indicates low to medium heavy metals 

for living organisms in the wetland. In the 

Meighan wetland, the ERMQ index is in the 

low toxicity and low toxicity class (less than 

0.1 and 0.5-0.0). The PELQ index at all stations 

was between 0.1-0.5 and less than 0.1, 

indicating low toxicity of sediment for living 

organisms (Table 5).  
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Table 5) the results of the toxicity of the Anzali, Shadegan, Meighan and Hashilan wetlands sediments using two, 

probable effect level (PELQ) and Effect range median (ERMQ) 

ERMQ PELQ Station 

Anzali Shadegan Mighan Hashilan Anzali Shadegan Mighan Hashilan 

0.41 0.08 0.04 0.09 0.98 0.18 0.07 0.15  

0.49 0.09 0.04 0.08 1.16 0.18 0.08 0.13 1 

0.24 0.08 0.04 0.06 0.55 0.17 0.08 0.10 2 

0.24 0.09 0.14 0.08 0.55 0.18 0.23 0.15 3 

0.26 0.09 0.04 0.07 0.58 0.18 0.07 0.13 4 

0.29 0.09 0.06 0.06 0.66 0.18 0.14 0.11 5 

0.20 0.08 0.04 0.04 0.46 0.18 0.08 0.07 6 

0.18 0.08 0.05 0.05 0.42 0.17 0.10 0.09 7 

0.23 0.08 0.04 0.07 0.52 0.17 0.08 0.12 8 

0.25 0.08 0.07  0.59 0.18 0.12  9 

0.31  0.05  0.72  0.08  10 

0.32  0.04  0.75  0.08  22 

0.24  0.03  0.57  0.06  12 

0.31  0.04  0.75  0.08  13 

0.28  0.04  0.65  0.07  14 

0.27  0.05  0.64  0.09  15 

0.26  0.05  0.61  0.09  16 

0.33  0.20  0.78  0.33  17 

0.44  0.04  1.04  0.07  18 

0.59  0.07  1.38  0.12  19 

0.12  0.16  0.28  0.27  20 

0.36  0.06  0.85  0.12  21 

0.36  0.03  0.88  0.06  22 

0.14  0.04  0.33  0.06  23 

0.12  0.03  0.28  0.05  24 

0.21  0.03  0.51  0.05  25 

0.19  0.07  0.44  0.13  26 

0.22  0.07  0.50  0.14  27 

0.25  0.07  0.60  0.15  28 

0.11  0.10  0.25  0.21  29 

 

Considering the importance of the health and 

ecological hazards of heavy metals in the 

environment and the impact of various 

organisms in various aquatic environments, 

their concentration in various levels of aquatic 

ecosystems, in order to evaluate the human and 

environmental hazards and threats 

Environmental considerations are considered. 

Since sediments are constantly absorbing 

pollutants and have the ability to deposit metal 

pollutants transported from drought 

environments in the water column, they are 

very good environmental indicators that are 

powerfully influenced by human and human 

pollution. It's even natural (27). 

In general, the average total concentration of 

heavy metals in the sediments is different in the 

Anzali, Shadegan, Meighan and Hashilan 

wetlands in the Anzali and Hashilan wetlands: 

Zn>Cu>Pb; Shadegan: Zn>Pb>Cu and 

Meighan: Cu>Zn>Pb. Pb, Cu and Zn elements 

are important environmental pollutants that 

enter natural and abnormal natural, non-point 

sources such as oil and petrochemical 

industries, urban and rural sewage into aquatic 

ecosystems (28,29). In this study, due to the 

average total concentration obtained and its 

comparison with the mean Earth crust, 

sediments of wetlands are of low or moderate 

pollution. Considering the results of other 

studies and environmental evidence, it is likely 

that the high amounts of some of the metals in 

Discussion 
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Shadegan's wetland are of widespread human 

activities, such as oil and petrochemical 

extraction, sewage entering, and urban and rural 

runoffs. In Meighan wetland, high 

concentrations of Cu compared to other studied 

metals could be due to the presence of Iran's 

salary plant, Arak urban wastewater treatment 

plant, Arak airport, existing industrial sectors 

and agricultural land in the neighboring areas. 

Also, according to available evidence, the 

expansion of human activities such as 

construction, agricultural and industrial 

activities, fishing and tourism are factors that 

affect the environment, and as a result, the entry 

of heavy metals into the Anzali and Hashilan 

wetlands. the amount of phenol at different 

times and (30) is difficult and needs of these 

assessments and comparisons cautious, but the 

results of concentrations of metals wetlands 

Anzali, Shadegan, Meighan and Hashilan other 

aquatic ecosystems Shows that the 

concentration of metals in sediments of these 

wetlands is less or less dependent on the type of 

metal and place of measurement than elsewhere 

in the world. (Table 6). 

Table 6) Comparison of mean concentrations of Pb, Cu and Zn (mg/kg) in the present study with some Iranian and 

world wetlands 

Reference Pb Cu Zn Location 

(31) 59 47 102.3 Taranto Gulf 

(Ionian Sea, Southern Italy) 

(32) 43.19 31.4 86.82 plateau lake China 

(33) - 67.44 61.25 Al Hawizah Iran 

(34) 64.4 25.4 83.4 Yunxiao, Fujian, China 

(35) 4.47 3.86 42.89 Lake Bourget, France 

(36) 7 3 9 Beihai, Guangxi, China 

- 23.78 28.07 173.93 Anzali  

- 22.83 19.44 28.01 Shadegan This study 

- 9.91 38.23 11.41 Mighan  

- 6.91 18.40 24.22 Hashilan  

 

Risk Indices 

The results of calculating the environmental 

risk index of heavy metals in surface sediments 

of the studied wetlands showed that the 

environmental hazard of these metals in 

sediments of the wetlands is less than 150 

(below 150), which indicates a low risk of 

metals in sediments. Mortazavi and Hatami 

(2018) evaluated the ecological risk of heavy 

metals in the Bashar River, which is consistent 

with these findings (37). In addition, the trend 

of total hazard of metals in Anzali and 

Shadegan wetlands was evaluated as 

(Zn>Cu>Pb) and for two Meighan and 

Hashilan wetlands (Zn>Pb>Cu). The quality 

indices of pollution are good indicators for 

assessing the pollution of heavy metals in 

sediments (8). 

The results of the study of the acute toxicity 

potential of heavy metals in the sediments of 

the studied wetlands in all studied stations were 

less than 4 bustards, which indicate that there is 

no acute toxicity in the sediments of each 

wetland. 

The results of biosynthesis of sediments of 

wetlands showed that ERMQ index in Anzali 

and Meighan wetlands was found in low 

toxicity and low toxicity and in Shadegan and 

Hashilan wetlands in non-toxic level. In 

addition, the results of the calculation of the 

PELQ index of Anzali wetland suggesting a 

low to moderate toxicity of heavy metals in the 

Shadegan wetland showed low toxicity and also 
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in the two Meighan and Hashilan wetlands, 

indicating the lack of toxicity and toxicity of 

the wetland sediments for living organisms. 

Investigation of Sucrose Biomechanical 

Properties Using SQGs of Canada Sediment 

Quality Standards and US NOAA Quality 

Guideline showed that the average 

concentrations of Pb, Cu and Zn in Anzali 

wetland deposits were higher than Cu, LEL, 

and Zn, respectively, according to ERL, TEC, 

and LEL standards. It shows the presence of 

pollution of these two metals and their negative 

impact on living organisms. In Shadegan and 

Hashilan wetlands, the levels of Pb and Zn are 

lower than the mentioned standards, but the Cu 

metal in Shadegan and Hashilan wetlands has a 

value of LEL and average earth crust. On the 

other hand, Cu values in the Meighan wetland 

were higher than LEL, TEC and ERL values. 

The high Cu values in comparison to the 

standards expressed in this ecosystem indicate 

potential negative effects on bird fauna of these 

ecosystems and, consequently, the food chain 

(Table 7). Considering the position of the 

wetland and the presence of extensive human 

activities in the area and areas around the 

wetlands, it is essential to adopt appropriate 

measures that can help to reduce pollutants. 
Table 7) Comparison of mean total concentrations of Pb, Cu and Zn, (mg/kg) with NOAA and SQGs standards 

Reference Pb Cu Zn Standard 
(24) 5 15 100 Metal background guidelines 

(23) 47 34 150 ERL 

(23) 218 270 410 ERM 

(23) 38.8 31.6 121 TEC 

(38) 128 149 459 PEC 

(38,39) 31 16 120 LEL 

(24) 250 110 820 SEL 

 23.78 28.07 173.93 Anzali  

 22.83 19.44 28.01 Shadegan This study 
 9.91 38.23 11.41 Mighan  

 6.91 18.40 24.22 Hashilan  

 

 

The present research was aimed to shed lights 

on shed lights on Modified Hazard Quotient 

(mHQ), acute toxicity and ecological risk of 

heavy metals Pb, Cu and Zn by using sediment 

quality indices in surface sediments of Anzali, 

Shadegan, Meighan and Hashilan wetlands. 

Based on the findings, it can be determined that 

although the amount of heavy metals present in 

these wetlands is in the low and moderate 

pollution potential in terms of acute toxicity, 

ecological risk and Modified Hazard Quotient 

(MHQ), the development of urbanization is a 

growing trend for various industries, of the 

industries related with oil and petrochemicals, 

agriculture, industry and settlement in the area 

of these wetlands and the entry of untreated 

urban and rural waste, they are worrying. Also, 

based on estimating and predicting the 

probability of adverse effects of these pollutants 

on living organisms using SQGs and NOAA 

sediment quality indices, it can be concluded 

that the high Cu values equated to the ERL 

standard in Anzali, Shadegan and Hashilan 

wetlands, as well as more The average 

concentration of Cu and Zn metals from the 

ERL, TEC, and LEL standards in Meighan and 

Anzali wetlands respectively, along with the 

pollution of these metals and the presence of 

large sources of pollution in these ecosystems, 

shows the potential for its negative impact on 

the bird fauna of these ecosystems and as a 

consequence of the food chain, this canvas will 

be constructed. Finally, the need for continuous 

monitoring of surface sediments of these 

Conclusion 
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wetlands and living organisms is emphasized in 

order to evaluate the ecological risk of 

wetlands. 

 

Acknowledgments:  

I would also like to show our gratitude to the 

Miss Afshar and Mahmoodi,Mr Mirshahvald 

and Torkzaban for their assisting in 

Environmental science lab, and also we thanks 

Mr Akbarzadeh and Hatami for their 

corporation throughout the process. 

Funding/Support: 

This paper was done whit grant from research 

project by Malayer University.  

Conflict of Interest: 

The authors declared no conflict of interest. 

 
1. Morkunas I, Woźniak A, Mai V, Rucińska-

Sobkowiak R, Jeandet P. The role of heavy metals in 

plant response to biotic stress. Molecules 

2018;23(9):2320. PubMed 

2. Pandey S, Parvez S, Sayeed I, Haque R, Bin-

Hafeez B, Raisuddin S. Biomarkers of oxidative stress: a 

comparative study of river Yamuna fish Wallago attu 

(Bl. & Schn.). Sci Total Environ 2003;309(1-3):105-15. 

Link 

3. Rajeshkumar S, Li X. Bioaccumulation of heavy 

metals in fish species from the Meiliang Bay, Taihu 

Lake, China. Toxicol Rep 2018; 5:288-95. Link 

4. Egila J, Daniel V. Trace metals accumulation in 

freshwater and sediment insects of liberty dam, plateau 

state Nigeria. Int J Basic Appl Sci 2011;11(6):128-40. 

Link 

5. Obasohan E, Oronsaye J, Eguavoen O. A 

comparative assessment of the heavy metal loads in the 

tissues of a common catfish (clarias gariepinus) from 

ikpoba and ogba rivers in Benin city, Nigeria. Afr Sci 

2008;9(1):13-23. Link 

6. Ali MM, Ali ML, Islam MS, Rahman MZ. 

Preliminary assessment of heavy metals in water and 

sediment of Karnaphuli River, Bangladesh. Environ 

Nanotechnol, Monitor Manag 2016;5:27-35. Link 

7. Shang Z, Ren J, Tao L, Wang X. assessment of 

heavy metals in surface sediments from Gansu section of 

yellow river, China. Environ Monit Assess 

2015;187(3):79. PubMed 

8. Gargouri D, Gzam M, Kharroubi A, Jedoui Y. 

Use of sediment quality indicators for heavy metals 

contamination and ecological risk assessment in 

urbanized coastal zones. Environ Earth Sci 

2018;77(10):381. Link 

9. Wu Q, Zhou H, Tam NF, Tian Y, Tan Y, Zhou S, 

et al. Contamination, toxicity and speciation of heavy 

metals in an industrialized urban river: implications for 

the dispersal of heavy metals. Mar Pollut Bull 

2016;104(1-2):153-61. PubMed 

10. Li H, Shi A, Zhang X. Particle size distribution 

and characteristics of heavy metals in road-deposited 

sediments from Beijing Olympic Park. J Environ Sci 

(China) 2015;32:228-37. PubMed 

11. Intawongse M, Kongchouy N, Dean JR. 

Bioaccessibility of heavy metals in the seaweed Caulerpa 

racemosa var. corynephora: Human health risk from 

consumption. Instrum Sci Technol 2018;46(6):1-17. Link 

12. Liu L, Wang L, Yang Z, Hu Y, Ma M. Spatial 

and temporal variations of heavy metals in marine 

sediments from liaodong bay, bohai sea in China. Mar 

Pollut Bull 2017;124(1):228-33. PubMed 

13. Nasirian H, Nazmara S, Mahvi AH, Hosseini M, 

Shiri L, Vazirianzadeh B. Assessment of some heavy 

metals in the Shadegan and Hawr Al Hawizea wetland 

waters from Iran. Indi J Sci Technol 2015;8(33):1-9. 

Link 

14. Davodi M, Esmaili-Sari A, Bahramifarr N. 

Concentration of polychlorinated biphenyls and 

organochlorine pesticides in some edible fish species 

from the Shadegan Marshes (Iran). Ecotoxicol Environ 

Saf 2011;74(3):294-300. PubMed 

15. Mortazavi S, Saberinasab F. Heavy Metals 

Assessment of Surface Sediments in Mighan Wetland 

Using the Sediment Quality Index. Ecopersia 

2017;5(2):1761-70. Link 

16. Yap CK, Ismail A, Tan S, Omar H. Correlations 

between speciation of Cd, Cu, Pb and Zn in sediment and 

their concentrations in total soft tissue of green-lipped 

mussel Perna viridis from the west coast of Peninsular 

Malaysia. Environ Int 2002;28(1-2):117-26. PubMed 

17. Hakanson L. An ecological risk index for aquatic 

pollution control. A sedimentological approach. Water 

Res.1980;14:975-1001. Link  

18. Yi Y, Yang Z, Zhang S. Ecological risk 

assessment of heavy metals in sediment and human 

health risk assessment of heavy metals in fishes in the 

middle and lower reaches of the Yangtze River basin. 

Environ Pollut 2011;159(10):2575-85. PubMed 

19. Wang J, Liu W, Yang R, Zhang L, Ma J. 

Assessment of the potential ecological risk of heavy 

metals in reclaimed soils at an opencast coal mine. 

Disaster Adv 2013;6(S3):366-77. Link 

20. Pedersen F, Bjornestad E, Andersen HV, Kjolholt 

J, Poll C. Characterization of sediments from 

Footnotes 

References 

https://www.ncbi.nlm.nih.gov/pubmed/30208652
https://www.ncbi.nlm.nih.gov/pubmed/12798096
https://www.semanticscholar.org/paper/Bioaccumulation-of-heavy-metals-in-fish-species-the-Rajeshkumar-Li/e362fc5ebd73ed4c518f9bb53f905e17e1c75275
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.418.6212&rep=rep1&type=pdf
http://oer.biu.edu.ng/wp-content/uploads/2017/11/A-coparative-assessment-of-the-heavy-metal-loads-in-the-tissues....pdf
https://www.sciencedirect.com/science/article/pii/S2215153216300022
https://www.ncbi.nlm.nih.gov/pubmed/25655129
https://link.springer.com/article/10.1007/s12665-018-7567-3
https://www.ncbi.nlm.nih.gov/pubmed/26856647
https://www.ncbi.nlm.nih.gov/pubmed/26040749
https://www.tandfonline.com/doi/abs/10.1080/10739149.2018.1427105?journalCode=list20
https://www.ncbi.nlm.nih.gov/pubmed/28734570
http://www.indjst.org/index.php/indjst/article/view/53997
https://www.ncbi.nlm.nih.gov/pubmed/21168210
http://journals-old.modares.ac.ir/article_17041_16dba2643faed66758c7886909d89dad.pdf
https://www.ncbi.nlm.nih.gov/pubmed/12046948
(https:/www.sciencedirect.com/science/article/abs/pii/0043135480901438)
https://www.ncbi.nlm.nih.gov/pubmed/21752504
http://www.cugb.edu.cn/uploadCms/file/20600/papers_upload/276.pdf


 

------------------------------------------------------------------------------------------------------------------------------- 

Archives of Hygiene Sciences                                                            Volume 7, Number 4, Autumn 2018 

   © 2018 Publisher: Research Center for Environmental Pollutants, Qom University of Medical Sciences. All rights reserved. 

•Survey of Modified Hazard Quotient, Potential ... Mortazavi S / Arch Hyg Sci 2018;7(4): 251-263 

263 

Copenhagen Harbour by use of biotests. Water Sci 

Technol 1998;37(6-7):233-40. Link 

21. MacDonald DD, Ingersoll CG, Berger T. 

Development and evaluation of consensus-based 

sediment quality guidelines for freshwater ecosystems. 

Arch Environ Contam Toxicol 2000;39(1):20-31. Link 

22. Benson NU, Adedapo AE, Fred-Ahmadu OH, 

Williams AB, Udosen ED, Ayejuyo OO, et al. A new 

method for assessment of sediment-associated 

contamination risks using multivariate statistical 

approach. MethodsX 2018;5:268-76. PubMed 

23. Long ER, Macdonald DD, Smith SL, Calder FD. 

Incidence of adverse biological effects within ranges of 

chemical concentrations in marine and estuarine 

sediments. Environ Manag 1995;19(1):81-97. Link 

24. Niu H, Deng W, Wu Q, Chen X. Potential toxic 

risk of heavy metals from sediment of the Pearl River in 

South China. J Environ Sci 2009;21(8):1053-8. PubMed 

25. de Vallejuelo SF-O, Arana G, de Diego A, 

Madariaga JM. Risk assessment of trace elements in 

sediments: the case of the estuary of the Nerbioi–

Ibaizabal River (Basque Country). J Hazard Mater 

2010;181(1-3):565-73. PubMed 

26. Hwang H-M, Green PG, Young TM. Tidal salt 

marsh sediment in California, USA: Part 3. Current and 

historic toxicity potential of contaminants and their 

bioaccumulation. Chemosphere 2008;71(11):2139-49. 

PubMed 

27. Zhang L, Liao Q, Shao S, Zhang N, Shen Q, Liu 

C. Heavy metal pollution, fractionation, and potential 

ecological risks in sediments from Lake Chaohu (Eastern 

China) and the surrounding rivers. Int J Environ Res 

Public Health 2015;12(11):14115-31. PubMed 

28. Khan MYA, Gani KM, Chakrapani GJ. Spatial 

and temporal variations of physicochemical and heavy 

metal pollution in Ramganga River—a tributary of River 

Ganges, India. Environ Earth Sci 2017;76(5):231. Link 

29. Haritonidis S, Malea P. Seasonal and local 

variation of cr, ni and co concentrations in ulva rigida c. 

Agardh and enteromorpha linza (linnaeus) from 

Thermaikos Gulf, Greece. Environ Pollut 

1995;89(3):319-27. PubMed 

30. Bilos C, Colombo JC, Presa MJ. Trace metals in 

suspended particles, sediments and Asiatic clams 

(Corbicula fluminea) of the Río de la Plata Estuary, 

Argentina. Environ Pollut 1998;99(1):1-11. Link 

31. Buccolieri A, Buccolieri G, Cardellicchio N, 

Dell'Atti A, Di Leo A, Maci A. Heavy metals in marine 

sediments of Taranto Gulf (Ionian Sea, southern Italy). 

Mar Chem 2006;99(1-4):227-35. Link 

32. Bai J, Cui B, Chen B, Zhang K, Deng W, Gao H, 

et al. Spatial distribution and ecological risk assessment 

of heavy metals in surface sediments from a typical 

plateau lake wetland, China. Ecol Model 

2011;222(2):301-6. Link 

33. Janadeleh H, Kameli MA, Boazar C. Seasonal 

variations of metal pollution and distribution, sources, 

and ecological risk of polycyclic aromatic hydrocarbons 

(PAHs) in sediment of the Al Hawizah wetland, Iran. 

Hum Ecol Risk Assess: Int J 2018;24(4):886-903. Link 

34. Liu J, Wu H, Feng J, Li Z, Lin G. Heavy metal 

contamination and ecological risk assessments in the 

sediments and zoobenthos of selected mangrove 

ecosystems, South China. Catena 2014;119:136-42. Link 

35. Lécrivain N, Aurenche V, Cottin N, Frossard V, 

Clément B. Multi-contamination (heavy metals, 

polychlorinated biphenyls and polycyclic aromatic 

hydrocarbons) of littoral sediments and the associated 

ecological risk assessment in a large lake in France (Lake 

Bourget). Sci Total Environ 2018;619:854-65. PubMed 

36. Vane CH, Harrison I, Kim A, Moss-Hayes V, 

Vickers B, Hong K. Organic and metal contamination in 

surface mangrove sediments of South China. Mar Pollut 

Bull 2009;58(1):134-44. PubMed 

37. Mortazavi S, Hatami M. Assessment of 

Ecological Hazard of Heavy Metals (Cr, Zn, Cu, Pb) in 

Surface Sediments of The Bashar River, Yasouj, Iran. 

Arch Hyg Sci 2018;7(1):47-60. Link 

38. Persaud D, Jaagumagi R, Hayton A. Guidelines 

for the Protection and Management of Aquatic Sediment 

Quality in Ontario. Toronto: Ministry of the Environment 

and Energy; 1993. Link 

39. Shyleshchandran MN, Mohan M, Ramasamy EV. 

Risk assessment of heavy metals in Vembanad Lake 

sediments (south-west coast of India), based on acid-

volatile sulfide (AVS)-simultaneously extracted metal 

(SEM) approach. Environ Sci Pollut Res Int 

2018;25(8):7333-45. PubMed 
 

https://www.sciencedirect.com/science/article/pii/S0273122398002030
https://www.waterboards.ca.gov/water_issues/programs/tmdl/docs/303d_policydocs/241.pdf
https://www.ncbi.nlm.nih.gov/pubmed/30038896
https://link.springer.com/article/10.1007/BF02472006
https://www.ncbi.nlm.nih.gov/pubmed/19862917
https://www.ncbi.nlm.nih.gov/pubmed/20542636
https://www.ncbi.nlm.nih.gov/pubmed/18316112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4661636/
https://link.springer.com/article/10.1007/s12665-017-6547-3
https://www.ncbi.nlm.nih.gov/pubmed/15091522
https://www.ncbi.nlm.nih.gov/pubmed/15093324
https://www.sciencedirect.com/science/article/pii/S0304420305001799
https://www.sciencedirect.com/science/article/pii/S030438000900831X
https://www.tandfonline.com/doi/abs/10.1080/10807039.2016.1277416?tab=permissions&scroll=top
https://www.sciencedirect.com/science/article/pii/S0341816214000654
https://www.ncbi.nlm.nih.gov/pubmed/29734631
https://www.ncbi.nlm.nih.gov/pubmed/18990413
http://jhygiene.muq.ac.ir/article-1-273-en.html
https://www.itrcweb.org/contseds-bioavailability/References/guide_aquatic_sed93.pdf
https://www.ncbi.nlm.nih.gov/pubmed/29275481

