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Abstract 

The Dhaleswari river is considered as one of the most important rivers of Bangladesh due to its 

geographical location and ecological services. The present study attempts to evaluate the degree 

of heavy metal pollution, contamination, and accumulative behavior in  the sediment of the 

Dhaleswari river. The sediment samples were collected from fifteen different locations of the 

Dhaleswari river. Heavy metals were analyzed using the Flame Atomic Spectrophotometer 

(FAAS). The mean concentrations of Zn, Cu, Cr, Pb and Cd were 131.9, 48.89, 43.16, 33.23 

and 0.37 mgkg-1, respectively. According to the United States Environmental Protection 

Agency (USEPA) Sediment Quality Guideline, the sediment of most of the locations were not 

polluted for Pb and Cd. But S-11 location for Cd (0.8 mg kg-1) was highly polluted. For Cr, Cu 

and Zn, maximum locations were moderately polluted. Although the geo-accumulation index 

(Igeo) values of Dhaleswari river sediments showed almost no severe contamination for most 

of the sampling locations, the pollution load index (PLI) values showed that most of the 

sampling sites were contaminated for all heavy metals tested. Moreover, for all measured heavy 

metals, the mean Contamination Factor (CF) values indicated moderate pollution, except for 

Cr, which suggested low pollution. The Pearson’s correlation coefficient matrix among the 

selected heavy metals of Dhaleswari river sediment showed no significant correlation among 

each other. Therefore, regular monitoring of the heavy metal concentration of the Dhaleshwari 

river sediment from different location is necessary to identify the sources of pollution so that 

proper initiative could be taken to prevent heavy metal pollution. 
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Introduction 

Heavy metals are well-known environmental contaminants in numerous river systems around 

the world due to the fast growth of population, unplanned urbanization, and industrialization 

(Hossain et al., 2012; Nguyen et al., 2016; Zhao et al., 2018). As heavy metal has toxicity, 

bioaccumulation tendency and persistence properties (Ali et al., 2016) and the presence of 

heavy metal in water and sediments as well as in the food chain is a great threat for human 

health (Marrugo-Negrete et al., 2017). Heavy metals like Arsenic (As), Cadmium (Cd), 

Mercury (Hg) and Lead (Pb) can enter the human body resulting in damage to various organs 

and body systems (Rahaman et al., 2020). Heavy metals cause cancer, abortion, damage of 

internal organs and even in some cases death also occurs due to the very high concentrations of 

exposure (Lee et al,. 2007). Rivers are considered the major pathway for the transportation of 

heavy metals (Miller et al., 2003). Harmful chemicals, including heavy metals, enter water 

resources as other municipal and industrial waste enters the water. The disposal of domestic 

waste, agricultural practices using untreated industrial effluents and the flow of sewage waste 

into rivers contribute to water and soil pollution. (Venugopal et al., 2009; Islam et al., 2015).  

Bangladesh is a riverine country which is constituted by three main rivers known as the Ganges, 

the Brahmaputra and the Meghna (Paul and Haq, 2010). Rapid and unplanned industrialization 

on the banks of the rivers in Bangladesh has increased surface water and sediment pollution 

(Kabir et al., 2010; Hossain et al., 2012). Rivers surrounding the two big-city Dhaka and 

Chittagong such as the Buriganga, Turag, Shitalakhya, and Karnaphuli rivers are extremely 

polluted by hazardous heavy metals like Cd, Pb, and Cr (Islam et al., 2018). Dhaleswari river 

is one of the most important distributaries of the Jamuna river  which is the habitat for different 

aquatic organisms (Flora and Fauna) including fishes and the vegetations in the riverbank 

(Ahsan et al., 2018). River sediment is an important part of the ecosystem. Due to several 

physical and chemical interactions like dissolution, precipitation, sorption, and complexation, 

heavy metal can retain in the sediment of the riverbed (Islam et al., 2015). Many researchers 

have found that heavy metals are easily bioaccumulated in various vegetables and foods through 

soil contamination (Ahmad et al., 2010; Parvin et al., 2014; Islam et al., 2016).  

The Dhaleswari river is directly polluted by the tannery industry and Keraniganj BSCIC area 

which are located very near to the river system (Mohanta et al., 2019). Limited studies have 

been performed to evaluate the state of pollution of the Dhaleswari river. The most important 

reasons for pollution in the Dhaleswari are the 46 years old Hazaribagh tannery that relocates 

at Savar and Karaniganj BSCIC area (Mohanta et al., 2019). Moreover, to treat the toxic and 

hazardous materials, no treatment plant has yet been installed. So, the river water is prone to 

pollution from untreated industrial effluents, municipal wastewater, agricultural runoff, and oil 

spills from the river ports (Alam et al., 2006). 

A very few researchers carried out their studies for some physical, chemical parameters such as 

pH, Biological Oxygen Demand (BOD), Dissolve oxygen (DO), water temperature, anions 

(PO4
3-, SO4

2- and NO3
-), some of the specific microorganisms including total coliform, fecal 

coliform and, few heavy metals of the river water (Islam et al., 2012; Real et al., 2017; Mohanta 

et al., 2019). But no significant scientific research concerning heavy metal pollution and 
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contamination of the sediment of the Dhaleswari river has been conducted yet/so far. Mohanta 

et al., (2019) found that the concentration of As, Pb, Cd, Cr and Cu in the river sediment were 

higher than the threshold effect level of the Environmental Protection Agency.  Therefore, it is 

essential to inspect and regularly monitor the heavy metal pollution status of sediment of 

Dhaleswari river for proper environmental management. The present study focuses on the 

pollution status of the Dhaleswari river by assessing the level of heavy metal concentration in 

sediment, calculating contamination factor, Geo-accumulation index and Pollution load index. 

 

Materials and methods 

Study Area 

Sediment samples were collected from both banks of the river in the Keraniganj BSCIC area 

in Ruhitpur and the adjacent area. A total of fifteen sites were chosen by purposive sampling 

method (Taherdoost, 2016).  

 

Sample Collection and Preparation 

Fifteen places of Dhaleswari river were chosen to collect the sediment sample of the river in 

April 2018 (Fig. 1) maintaining the standard protocol (USEPA, 2001). Sediment samples were 

collected from the 0-12 cm depth and then carried into polyethylene bags. The polyethylene 

bags were washed with 10% HNO3 acid solution followed by distilled water to remove 

impurities. Sediment samples were preserved in an icebox during sample transportation. Then 

the sediment was dried in an oven at 45 °C for 48 h in a dust-free place, then ground into fine 

powder using pestle and mortar and sieved under 2 mm mesh. Samples were then stored in 

plastic containers (Jumbee and Nandini, 2009). 

 
Fig 1. Study area and sampling sites. 
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Sediment Quality Assessment 

The physicochemical parameters and selected heavy metals in the river sediments were 

analyzed to measure the sediment quality, other parameters like Contamination Factor (CF), 

Degree of Contamination, Index of Geo-Accumulation (Igeo), Pollution load index (PLI) were 

calculated to figure out the level of the pollution in the river sediments.  

 

Physio-chemical Analysis of River Sediment 

Before pH and EC determination, the sediment sample was mixed with distilled water using 

shaking plate for 30 minutes. Then pH and EC were determined by a portable multiparameter 

meter (Model: Sense Ion, 156; HACH, USA). The Organic Matter (OM) content by sediment 

sample was assessed by the wet oxidation method of Walkley and Black (1934).  

 

Estimation of Heavy Metals in Sediment 

Heavy metals were analyzed using the Flame Atomic Spectrophotometer (FAAS) (APHA, 

1998). Strong acid mixtures were used to examining heavy metals concentration (Baker and 

Amacher 1982). The sediment was separated using a large sieve to remove any large stones, 

pebbles, and organic matter. They were kept in acid-washed containers and oven-dried at 105 
o C for 24 h. Then The samples were fully grinded to the fine powder using an acid-washed 

pestle and mortar. After that 5 g of sediment was taken to an acid-washed beaker and 2.5 ml 

65 % concentrated HNO3 and 7.5 ml 37 % concentrated HClO4 acid was added and the beaker 

was covered with a watch glass. 500 ml of distilled water was added to each beaker when they 

were adequately cooled and placed into a temperature-controlled water bath 150 o C for 3h 

(Hasan et al., 2015). Then the samples were cooled to room temperature and filtered by 

Whattman No.1 filter paper. Cr, Cd, Cu, Zn and Pb concentration was performed by Shimadzu 

Atomic Absorption Spectroscopy (AA-7000) after calibrating with the chemical standard 

solution.  

 

Contamination Factor (CF) 

The contamination factor (CF) is used to determine the pollution load of the sediments (Manoj 

et al., 2012) by dividing each metal's concentration by its background value (Varol 2011).  The 

formula is (Hakanson 1980). 

CF =
Measured metal concentration

Background concentration of the same metal
 

In the present study, world surface rock average was used as background concentration (Martin 

and Meybeck 1979). (Table 1) shows the Index classification of sediment quality. The highest 

number shows that the metal concentration is 100 times greater than what would be predicted 

in the crust. 

 

Degree of Contamination  

The degree of contamination was calculated as the sum of all contamination factors (Ahdy and 

Khaled 2009). ‘Degree of contamination’ Cd is used as a diagnostic tool for pollution control: 

𝐶𝑑 = ∑ 𝐶𝐹

𝑖=𝑛

𝑖=1
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The Cd is the degree of overall contamination in surface layers in a particular core or sampling 

site (Hakanson 1980). 

 

Index of Geo-Accumulation (Igeo) 

The Geo-accumulation index (Igeo) values were measured by Müller (1981) which is- 

Igeo = log2 [Cn/ (1.5×Bn)] 

Where, Cn is the concentration of element n in the sediment and Bn is the geochemical context 

for the element n which is either measured in pre-civilization sediments of the area or driven 

from the literature (average shale value described by Turekian and Wedepohl1961). Based on 

Igeo, sediments can be classified into seven classes (Table 1) (Legorburu et al., 2013). 

 

Pollution Load Index (PLI) 

The pollution load index (PLI) defines the quantity of an element in the environment 

(Tomlinson et al.,1980). The PLI of a single site is the n-th root of n number of multiplied 

together contamination factor (CF) values.  

PLI= (CF1×CF2×CF3×………. ×CFn)
 1/n 

PLI=zero, indicates perfection, PLI=1, indicates the presence of pollutant baseline levels only, 

and PLI>1, indicates progressive site quality degradation (Tomlison et al., 1980). 

Table 1. Index classification of sediment quality (Müller 1981) 

I-geo values 

Müller (1981) 

  

Class Sediment quality 

≤ 0 0 Unpolluted 

0-1 1 Unpolluted to moderately polluted 

1-2 2 Moderately polluted 

2-3 3 Moderately to strongly polluted 

3-4 4 Strongly polluted 

4-5 5 Strongly to extremely polluted 

≥ 6 6 Extremely polluted 

CF values 

Hakanson (1980) Class Sediment quality 

CF < 1 1 Low CF 

1 ≤ CF < 3 2 Moderate CF 

3 ≤ CF < 6 3 Considerable CF 

CF ≥ 6 4 Very high CF 

 

 

Results and discussion 

Physicochemical Characteristics of Sediments of the Dhaleswari River 

The experimental data on physicochemical parameters are presented in table 2. The level of 

pH, Electric Conductivity (EC) and Organic Matter (OM) of Dhaleswari river sediment were 

found within 3.21-7.89, 359-1329 µS cm-1 and 0.23-5.92% with mean values of 5.956, 662.533 

µS cm-1 and 2.011% respectively (Table 2). According to DoE 1997 pH and EC range was 
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found from the Dhaleswari river was not within acceptable limits. pH is an important 

physicochemical parameter that indicates the acidic, basic, and neutral condition. It has an 

impact on the river ecosystem. Ahsan et al. (2018) found the pH of the Dhaleswari river water 

within 7.29-8.12. But from this study pH range of the river sediment was found in acidic 

condition. Hasan et al., found acidic to alkaline condition of the Meghna river sediment (Hasan 

et al.,2015). pH has significant influence on the adsorption, migration, and transformation of 

metals. Acidic and alkaline condition of the river might be caused by the domestic, industrial 

wastewater discharge and sometime by accidental release of chemical in river water (Yanhao, 

2018). Organic matter of sediments can affect heavy metal accumulation (Suthar et al., 2009; 

Mohiuddin et al., 2010; Manoj et al., 2012). Electroconductivity is the measure of the ions. In 

some areas, the occurrence of high electric conductivity in river sediment was found. Tannery 

industries use vast quantities of chemicals such as lime, Salts, vegetable tannins, and color to 

process the leather which might increase the electroconductivity of the river sediment (Cooman 

et al., 2003). 

 

Table 2. Physicochemical parameters of the Dhaleswari river sediment

 

 

Heavy Metals in Sediments 

Table 3 provides the results of metal concentrations of Dhaleswari river sediment samples and 

Sediment Quality Guidelines (SQG) limits. A decreasing order of Zn > Cu > Cr > Pb > Cd was 

observed in the sediment with the mean concentration of the analyzed heavy metal. The ranges 

of metal concentration were Cr: 31.49-65.8 mg kg-1 (mean 43.16), Cd: 0.2-0.8 mg kg-1 (mean 

Sample No. pH EC (µS cm-1) OM (%) 

S-1 6.89 366 1.51 

S-2 7.75 392 0.71 

S-3 7.25 359 5.92 

S-4 6.98 482 1.64 

S-5 7.89 697 0.23 

S-6 7.65 684 0.35 

S-7 4.56 1329 1.91 

S-8 6.65 681 5.72 

S-9 6.76 439 2.65 

S-10 6.70 491 1.29 

S-11 4.52 685 0.67 

S-12 3.56 558 4.52 

S-13 5.38 588 0.62 

S-14 3.59 1296 1.64 

S-15 3.21 891 0.79 

Range 3.21-7.89 359-1329 0.23-5.92 

Mean 5.956 662.533 2.011 

SD 1.655 302.592 1.883 

DoE Standard 1997 6.5-8.5 350 No data 
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0.37), Cu: 36-65.4 mg kg-1 (mean 48.89), Zn: 93.5-190.1 mg kg-1 (mean 131.19), Pb: 28.3-38.4 

mg kg-1 (mean 33.23). The mean concentration of Pb and Cd of the sediment were found lower, 

but Cr, Cu and Zn were exceeded WHO (2004) and USEPA (1989) Sediment Quality Guideline 

(SQG).

 

Table 3. Heavy metal concentration (mg kg-1) in the Dhaleswari river sediment 

Sample No. Cr Cd Cu Zn Pb 

S-1 39.56 0.2 65.4 129.6 38.4 

S-2 38.16 0.2 61 93.5 29 

S-3 33.5 0.6 45.36 94.6 32.5 

S-4 36 0.4 58 119.6 36.64 

S-5 45.31 0 46.3 178 32 

S-6 65.8 0.5 46.7 169.3 33.28 

S-7 61.29 0.3 36 123.8 36.2 

S-8 58.75 0.3 36 182.56 36.4 

S-9 32 0.4 45.3 190.1 34.4 

S-10 33.25 0.2 49.5 98.6 35.5 

S-11 35 0.8 57.39 110.4 30.4 

S-12 62.25 0.7 52.21 125.5 28.3 

S-13 37 0.2 45.1 118 33.59 

S-14 31.49 0.2 42.69 113.8 32.4 

S-15 38.1 0.5 46.4 120.5 29.56 

Max 65.8 0.8 65.4 190.1 38.4 

Min 31.49 0 36 93.5 28.3 

Mean 43.16 0.37 48.89 131.19 33.23 

WHO (2004) SQG 25.00 6.00 25.00 123.00 NA 

USEPA (1999) SQG 25.00 0.60 16.00 110.00 40.00 

TRV 81 1.2 34 150 46.7 

SD- Standard Deviation, SQG-Sediment Quality Guideline, NA- Not Available, TRV-

Toxicity Reference Value

Fig. 2 Box plot representation of Concentration of Heavy metal 
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The box plot representation of heavy metal concentration of Dhaleswari river are shown in 

(Fig. 2). Pearson’s correlation coefficient matrix among the selected heavy metals of 

Dhaleswari river sediment is presented in Table 4. There is no significant correlation has been 

found. Hasan et al. (2016) showed that no significant correlation with each other in sediments 

that could be indication of separate source input or sources of pollution. Where highly 

significant positive correlations between heavy metals indicate the possibility of common and 

anthropogenic sources of origins (Armah et al., 2010). 

Table 4. Pearson’s Correlation coefficient 

 Cr Cd Cu Zn Pb 

Cr 1     

Cd 0.14 1    

Cu -0.35 0.12 1   

Zn 0.42 -0.18 -0.38 1  

Pb 0.01 -0.41 -0.11 0.26 1 

  *. Correlation is significant at the 0.05 level (2-tailed)  

 

 

Evaluation of Heavy Metals Pollution 

The heavy metal pollution of Dhaleswari river sediments were compared with the sediment 

quality guideline of United States EPA (1989). According to sediment quality guideline, for 

Cr, Cu, Zn sediment in all locations of Dhaleswari river have been found moderately polluted. 

location S-1, S-2, S-4, S-8, S-11, S-12 for Cu was heavily polluted. In case of Pb and Cd, all 

locations was not polluted except S-11 and S-12 location for Cd was heavily polluted. 

Based on the sediment Toxicity Reference Value (TRV) of USEPA (1989) the river sediment 

pollution was calculated by comparison (Fig. 3). It is a toxicological index parameter 

commonly used for risk assessment. The study shows that only Cu (as shown in Fig. 3b) 

exceeds the TRV value. For Zn, except S-5, S-6, S-8 and S-9, the value of all other locations 

were below TRV (Fig. 3d) and Cd, Cr, and Pb were found bellow TRV (Fig. 3a, 3c, 3e).  
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Fig. 3 (a-e). Toxic metal concentration (mg kg-1) of Dhaleswari river sediment compared with TRV. 

The measured values of Igeo of Dhaleswari river sediments of 15 locations were presented in Fig. 4. The Igeo 

values suggest that the sampling points S-3, S-6,  S-11,S-12 and S-15 were unpolluted to moderately polluted 

by Cadmium (Cd). Sampling sites S-5, S-6, S-8 and S-9 was found unpolluted to moderately polluted by Zinc 

(Zn). In case of lead (Pb), all locations were found unpolluted to moderately polluted except S-2, S-12 and S-

15 according to the classification of the geo-accumulation index. The major risk factors in the study area are 

Cd, Zn and Pb.  
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Fig. 4 Variation of Geo-accumulation Index (Igeo) values of heavy metals of the Dhaleswari river sediments. 

Table 5. Contamination Factor, Contamination Degree and Pollution Load Index values.  

(*SD-Standard Deviation) 

From table 5 the calculated value of contamination factor and degree of contamination indicates that most of 

the sampling site was moderately contaminated. Cr in all sampling site was found low contamination (CF<1); 

Cd in all locations except S-1, S-2, S-5, S-10, S-13, and S-14 was found moderate contamination; Cu in all 

locations except S-7 and S-14 were found moderate contamination; Zn in all locations except S-2 and S-3 

were found moderate contamination; Pb in all locations were found moderate contamination (1≤CF<3). The 

mean values of the CF were found Cr: 0.479 (low contamination); Cd: 1.222 (moderate contamination); 
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Sampling 

Sites 

Contamination factor (CF) Degree of 

Contamination 

(CD) 

Pollution 

Load Index 

(PLI) 

Cr Cd Cu Zn Pb 

S-1 0.440 0.667 1.453 1.364 1.920 5.844 1.022 

S-2 0.424 0.667 1.356 0.984 1.450 4.881 0.886 

S-3 0.372 2.000 1.008 0.996 1.625 6.001 1.036 

S-4 0.400 1.333 1.289 1.259 1.832 6.113 1.097 

S-5 0.503 0 1.029 1.874 1.600 5.006 0 

S-6 0.731 1.667 1.038 1.782 1.664 6.882 1.303 

S-7 0.681 1.000 0.800 1.303 1.810 5.594 1.051 

S-8 0.652 1.000 1.244 1.922 1.820 6.638 1.232 

S-9 0.356 1.333 1.007 2.001 1.720 6.417 1.105 

S-10 0.369 0.667 1.100 1.038 1.775 4.949 0.870 

S-11 0.388 2.667 1.275 1.162 1.520 7.012 1.184 

S-12 0.691 2.333 1.160 1.321 1.415 6.920 1.284 

S-13 0.411 0.667 1.002 1.242 1.680 5.002 0.895 

S-14 0.349 0.667 0.949 1.198 1.620 4.783 0.844 

S-15 0.423 1.667 1.031 1.268 1.478 5.867 1.064 

Mean 0.479 1.222 1.116 1.381 1.662 5.861 1.084 

SD 0.137 0.731 0.175 0.343 0.153 0.801 0.247 
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Cu:1.116 (moderate contamination); Zn: 1.381 (moderate contamination); and Pb: 1.662 (moderate 

contamination). Sediments are enriched for metals based on mean values of CF: Pb > Zn > Cd > Cu > Cr.  

 

Fig. 5 Pollution Load Index of heavy metal. 

PLI values of all sampling points are shown in Fig. 5. PLI values varied between 0 and 1.303. On the S-6 

sampling site, the highest PLI value was found. The PLI values were found higher than 1 at most sampling 

sites, suggesting a baseline level of pollution. where PLI value lower than 1 that indicating no pollution (Hasan 

et al., 2015)  

Table 6.  Heavy metal concentration (mg kg-1 dry weights) of the Dhaleswari river sediments and some other 

rivers of Bangladesh 

Tables 6 shows the comparison of the concentration of heavy metals between Dhaleswari river and other 

rivers in Bangladesh to understand the present condition of the heavy metal of the Dhaleswari river sediment. 

The present study shows the high concentration of Zn, Cu and Cd in the sampled sediment. Rahman et al. 

(2014) found high concentration of Pb, Cr and Zn in Bangshi river sediment and water. It was described that 

the main source of the Pb is not industrial, motor vehicle is responsible for the high level of lead contamination. 

Ahmed et al. recommend high level of heavy metal pollution of Buriganga river might affect the fish 

community which is unsafe for human health (Ahmed et al., 2010). It was found that heavy metals are not 
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biodegradable and have a major environmental impact. When heavy metals are consumed or inhaled into our 

bodies, they bioaccumulate in our system and cause biological and physiological complications. Such as, zinc 

is accumulated mostly in the liver and then distributed throughout the whole body. Major storage sites for zinc 

are the liver, bone, pancreas, kidney, and muscles (Briffa et al., 2012). Cadmium cause cytotoxicity and affect 

the immune system even expose at low concentration (Das et al., 2018). Chronic exposure to lead contributes 

to increased blood pressure. Critical hormonal and neuronal systems are also affected by lead (Briffa et al., 

2012). Lead has the potential noncarcinogenic risk for children (Qiao et al., 2011). The high content of 

chromium of this present study might be generated from the tannery effluent. Because the tannery industry 

uses the chrome tanning method which is threatening to the ecosystem (EPC, 1980). Chromium causes 

serious diseases like cancer and birth defects because of long-term exposure (WHO, 1996). Dhaleswari river 

sediment is also polluted and contaminated by heavy metal as other researchers have found the same condition 

in the other rivers of Bangladesh.  

 

Conclusion 

To the best of our knowledge, this is the first study that investigated the level of heavy metal pollution and 

accumulation behavior on the sediment of the Dhaleswari river. This study showed that the Cr, Zn and Cu 

concentrations in the sediment of the Dhaleswari river are higher than the USEPA guidelines. Cd and Pb level 

found at all sampling sites was below the guideline level. Most of the sampling sites were unpolluted or 

moderately polluted, according to the geo-accumulation index (Igeo). Values of the Pollution Load Index 

(PLI) showed that most sampling sites have a baseline pollution level. All sampling sites had a moderate 

pollution, except for Cr, according to the mean contamination factor (CF). The status of Dhaleswari river 

sediments is unpolluted to moderately contaminated. The correlation coefficient matrix demonstrated no 

significant correlation among heavy metals in sediments that could be an indication of different input or 

sources of heavy metal pollution. So, it is important to monitor the pollution status of the river water and 

sediments regularly for understanding the sources, transportation, and fate of the hazardous heavy metals as 

well as for the proper environmental management.   
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