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The study area was selected in the Rupsha river basin and the sediment samples

were collected to determine trace metal concentrations of As, Pb, Cd, and Cr

along with biological effects, and potential ecological and human health

hazards for adults and children. The concentrations of trace metals were

detected from sixty composite sediment samples using an Atomic

Absorption Spectrophotometer (AAS) following some sequential analytical

procedures. The mean concentrations of trace metals were organized in the

descending order of chromium (Cr) (43.2 mg/kg) > lead (Pb) (29.21 mg/kg) >
arsenic (As) (5.18 mg/kg) > cadmium (Cd) (1.8 mg/kg). The current study

highlighted that metals were attributed to the riverine sediments from

natural sources and other anthropogenic sources, particularly from various

industries. Based on the effect-range classifications of threshold effect

concentration (TEC) and probable effect concentration (PEC), the trace

metal concentrations can impact on the sediment-dwelling organisms

occasionally especially for Cr, Cd, and Pb. That is, the concentrations had

negative biological consequences on aquatic creatures. The assessed potential

ecological risk of Cd offers a significant risk to the aquatic ecosystem, whereas

As, Cr, and Cd were in low-risk. Most of the sites of the study area were within

the range of moderate risk, indicated by the risk index (RI) values. Furthermore,

the applied sediment quality indices, geo-accumulation index (Igeo) indicated

that sediment was contaminated by Cd whereas contamination factor (CF)
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denoted that the sediment of the study area was moderately polluted by Pb.

However, pollution load index (PLI) revealed that the study area was polluted for

cumulative sence especially in winter season. The age-group risk index (HI) was

much lower than the threshold limit of 1, showing that the pollution had no

non-carcinogenic risk effect. Total carcinogenic risk (TCR) was less than one-

tenth of a percentile. For the sake of human and environmental health, proper

monitoring of metal element attribution and strict regulation are required to

lessen trace metal pollution.
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Introduction

Because of the toxicity and persistence in the environment,

heavy metal pollution has become a global, regional, and local

concern (Ahmed et al., 2020; Islam A et al., 2020; Khan et al.,

2020; Babu et al., 2021; Kumar et al., 2021; Ali et al., 2022). The

aquatic ecology is effected by the various toxic trace metals as

most of them are long-persistent, bio-accumulative character and

non-biodegradable in nature (Bhuyan et al., 2017; Ali et al., 2018;

Bhuyan et al., 2019). Many anthropogenic actions released heavy

metals into the aquatic habitats directly or indirectly and these

metals are carried via the water column, deposited in sediment,

and biomagnified through the food chain (Kahal et al., 2020; Ali

et al., 2022), resulting from a considerable risk to benthic

invertebrates, fish and humans (Ali et al., 2016; Islam et al.,

2016; Ali et al., 2018, Shen et al., 2019; Shaheen et al., 2019; Ali

et al., 2020a, b).

In a riverine ecosystem, the concentration of HM in sediment

is thought to be an indicator of monitoring the environmental

conditions and pollution status (Han et al., 2018; Rahman et al.,

2019; Hossain et al., 2021; Ali et al., 2022). As metals tend to

accumulate in the bottom layers of riverine water bodies, heavy

metals are much higher in sediment than in the water column

(Bhuyan et al., 2017; Islam et al., 2021; Jolly et al., 2021). Heavy

metals are not permanently attached to sediments, and they can

be released into the water column due to the change in

environmental circumstances such as temperature and pH, or

other physical or biological disturbances (Agarwal et al., 2005). A

lower concentration of HMs is necessary for organism survival,

whereas higher concentrations are poisonous and adversely

impact organisms (Fu and Wang 2011; Ahmed et al., 2020).

Thus, the monitoring of sediment provides valuable information

on a variety of pollution indicators.

Different sediment quality indicators can be used to

determine the extent of contamination and the biological

characteristics of sediment in any aquatic ecosystem

(Ganugapenta et al., 2018). For pollution control, it is

important to understand the origins of pollutants in

sediments of the aquatic environments. Multivariate statistical

approaches, such as Pearson correlation analysis, principal

components analysis (PCA), and cluster analysis, are

considered to be practical tools for identifying pollution

sources and have been successfully used in several studies on

heavy metal pollution in sediments (Larrose et al., 2010; Bai et al.,

2011; Yi et al., 2011; Chabukdhara and Nema 2012). Analysis of

toxic elements in riverine sediment is essential for environmental

contamination assessment (Ali et al., 2018). Heavy metals in

sediments pose distinct ecological risks to different receptors.

The possible harmful impacts of heavy metals on sediment-

dwelling organisms in freshwater systems have been assessed

using the criteria in sediment quality guidelines (SQGs) (Persaud

et al., 1993; Ingersoll et al., 1996; Smith et al., 1996; MacDonald

et al., 2000). Few SQGs, on the other hand, have been conducted

to assess the negative impacts of heavy metals in sediment on

higher trophic levels (fish or other species) (Bhavsar et al., 2010).

Hakanson (1980) proposed a prospective ecological risk index

based on heavy metal concentrations in sediment, the simplest

and most widely used method for ecological risk assessment of

the sediment.

Metal contamination has become a major problem in many

rapidly developing countries (Ali et al., 2016; Bhuyan et al., 2019;

Jolly et al., 2021; Rahman et al., 2021). Especially, in developing

country people like Bangladesh, human healths are suffering

from various diseases due to the contact of the toxic metals

(Islam et al., 2016; Rehman et al., 2018). Many industries dump

their untreated agricultural and chemical effluents into rivers

directly. The water from these rivers and their tributaries and

distributaries is used to irrigate agricultural lands for crop

production (Ali et al., 2016; Islam et al., 2016; Ali et al.,

2020a). The Rupsha River is an ecologically and economically

significant urban river. Since, Rupsha River is being considered

as the most important river for fish production. Moreover,

various native crops were cultivated near the river bank

employing different agricultural chemicals and fertilizers.

Still, the bio-magnifications of HMs in fish species from

water and sediments of this river may cause harmful effects

to humans. Moreover, some studies like Jiménez-Oyola et al.

(2021), Islam et al. (2014), Ali et al. (2022), Duodu et al. (2016),

Jiang et al. (2013) and Abdelhafez & Li. (2015) investigated

metal concentration level along with the ecological, biological
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and provable human health risk near different river basins.

Unfortunately, there is no critical information about the

research area’s including all the issues above due to the trace

metal pollution has been determined. As a result, the current

study focused on several crucial objectives, including

determining the trace metals (As, Pb, Cr, and Cd)

contamination in the sediment using several geochemical

pollution indices and identifying the major sources of the

specified metals. Finally, the potential ecological and

biological consequences of these metals were assessed to

determine the risks to adult’s and children’s health. The

novel aspect of this work is that it is the inclusive

investigation on riverine sediments pollution by heavy metals

causing ecological and human health risks in the south-western

area of Bangladesh. Also, the study will provide the relevant

information which will help to introduce some actions plans

regarding the surrounding environment of the Rupsha River.

Materials and methods

Study area

The present study was conducted in ten (10) sampling

sites of the Rupsha River (Figure 1). Rupsha River is one of the

important rivers in the South-west region of Bangladesh. It is

formed as a result of the union of the Bhairab and Atrai rivers.

Natural disasters like the destruction of spawning ground by

ox-bow cutting (U-shaped lake that forms when a wide

meander of a river is cut off, creating a free-standing body

of water), massive quarry of sands from river bed illegally

removed by a section of unscrupulous traders, pollution by

industrial waste, unplanned construction sluice gates for

irrigation purpose and indiscriminate catching and killing

of the brood fishes have posed a serious threat to the

biodiversity of Rupsha River.

FIGURE 1
Map of the study area indicates the Rupsha River located south-western part of Bangladesh.
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Geographical layout

The Rupsha River is a Ganges distributary located in

southwestern Bangladesh. It is formed when the Bhairab and

Madhumati rivers meet and flow into the Pashur River. The tides

have an impact on the entire length of it. It flows beside Khulna

and links to the Bay of Bengal at Mongla channel via the Pashur

River. It changes its name to Pashur River at Chalna and drains

into the Bay of Bengal (Saran et al., 2018). This river has an

average width of 486 m, with maximum and minimum widths of

650 and 322 m, respectively (Saran et al., 2018). This river’s bank

is home to many fisheries, dockyards, shipyards, and

manufacturers. Many companies have sprouted near the

Rupsha River. The Bangladeshi Department of Environment

has designated this area as the country’s most polluted

hotspot (Department of Environment, 2001). Glass and plastic

industries, chemical complexes, fish processing plants, steel mills,

paper mill complexes, rayon mill complexes, cement factories,

paint and dye manufacturing plants, several soaps and detergent

factories, and many light industrial units, as well as wastes from

brickyards and agricultural runoff, discharge untreated toxic

effluent directly. Sewage and municipal wastes and

undesirable residues mixed with Fe2O3.2H2O as a result of

shipbreaking yard activities are released immediately. These

enterprises dump around 4,500 m3/ha of wastewater into the

Rupsha River, which flows into the Sundarbans via the Bhairab-

Rupsha River system (Department of Environment, 2001; Samad

et al., 2015).

Sample collection and preservation

Sampling was carried out from August 2018 to February

2019, considering the winter and summer seasons by

maintaining standard protocol (U.S Environmental Protection

Agency [USEPA], 2001). The present study selected ten stations

of the Rupsha River (Figure 1) based upon human activities such

as fish farming, the geographical proximity of industrial and

urban discharge of effluents, and dredging of the river for sand

mining. Composite surface sediment samples were collected

from different points of Rupsha River at a depth of 0–5 cm by

Ekman dredge and kept in fresh plastic packets. Each sediment

sample was taken at each sampling point by mixing randomly

collected sediments (3 times) and sixty composite sediment

samples were collected. After collection, sediment was placed

in a separate cleaned with distilled water airtight polythene bag,

sealed, labeled, packed, and transported to the Govt.-MoFL’s

Quality Control (QC) Laboratory in Khulna, Bangladesh

laboratory testing. The samples were dried in an oven at 45°C

for 48 h to gain constant weight (Islam et al., 2015b). The dried

mass of each sample was then pulverized to fine powder using a

mortar and pestle, sieved through 106 µm apertures and

preserved in a plastic vial with the identification mark inside a

desiccator (Islam et al., 2015b). Finally, a pellet maker used the

homogeneous powder to prepare the pellet using 10-ton pressure

(or elemental analysis (Hossain M. B. et al., 2020) using a tool,

Specac, United Kingdom.

Sample digestion

In a 100 ml beaker, a 2 g sediment sample was placed, and

15 ml of ultrapure HNO3 was added. The contents were cooked

for 5 h at 130°C, or only 2–3 ml remained. Materials were passed

through Whatman 41 filter paper after digestion (colorless or

weak color of content), rinsed with 0.1 M HNO3 solution, and

produced up to 100 ml volume for metal analysis (Ali et al.,

2021).

Analytical technique and accuracy check

An atomic absorption spectrophotometer (Model

ZEEnit700P# 150Z7P0110, Analytikjena, Germany) was used

to test all samples for As, Pb, Cr, and Cd. All of the

procedures were validated in-house following EC567/2002 (Ali

et al., 2022). ST 1 summarizes the analytical conditions for

measuring heavy metals in samples using AAS. The

instrument calibration standards were created using Sigma

Aldrich’s (Switzerland) diluting standard (1,000 ppm). Dry

weight sediment data were recorded as mg/kg. Throughout

the experiment, de-ionized ultrapure (0.05 s) water was used.

Before usage, all glassware and containers were carefully cleaned

with 20% nitric acid, then rinsed multiple times with De-ionized

ultrapure water and oven-dried. DORM-4, a verified reference

material, was used to check the analytical method. The National

Research Council of Canada prepared and supplied these

sediment samples. The certified and observed values were

found to be in good agreement. As shown in ST 2, the

standard deviations of the averages for the reported certified

materials were 0.65–8%, and the percentage recovery was

89–99%.

Assessment of sediment contamination

The selection of background values is critical in the

interpretation of geochemical data. As reference baselines,

Olivares-Rieumont et al. (2005), Pekey (2006), and Singh

et al. (2005) employed the average shale values or average

crustal abundance data. The best alternative is to compare

quantities between contaminated and uncontaminated

sediments that are mineralogically and texturally comparable

(Rubio et al., 2000; Sakan et al., 2009). Because no background

concentrations for the analyzed Rupsha River sediment from

nearby locations were available, the background values in this
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paper were estimated using the mean heavy metal concentrations

in uncontaminated sediments from the study area. The

enrichment factor and Geo-accumulation index were

employed to determine the degree of heavy metal pollution in

Rupsha River sediments.

Sediment quality guidelines

This study employed consensus-based sediment-quality

guidelines (SQGs) to assess the potential danger of heavy

metal contamination in the study area’s sediments (Ahmed

et al., 2019a). The consensus-based SQGs were created using

published sediment-quality criteria that were derived using

many methods (Feng et al., 2011). A threshold effect

concentration (TEC) below which harmful effects are

unlikely to occur and a probable effect concentration (PEC)

above which adverse effects are likely to occur more frequently

than not are included in these synthesis guidelines (Long et al.,

1995; MacDonald et al., 2000).

Geoaccumulation index (Igeo)

Geoaccumulation index (Igeo) is a quantitave measurement

of the degree of contamination of sediment was introduced by

Muller (1969) (Hossain et al., 2019). It is actually based on the

background concentration of a particular metal element

(Milićević et al., 2017) The following equation defines the

geoaccumulation index (Igeo):

Igeo � Log2[ Cm

1.5BAn
]

Where, Cn denotes the metal concentration in sediment samples

and BAn denotes the metal’s geochemical background

concentration (n). Due to lithospheric influences, the

background matrix correction factor is 1.5. Müller (1981)

defined seven classifications in the geoaccumulation index

(Table 1).

Contamination factor (CF) and pollution
index (PLI)

To assess contamination in the study region, the

contamination factor (CF) is used (Wang et al., 2007;

Kadhum et al., 2016). PLI was used as a quick and simple

means to determine the sediment quality in the research

region (Jolly et al., 2021).

CF � Cn(Sample)/Bn(Shale)
PLI � (CF1 × CF2 × CF3 × . . .× CFn)1/n

Divide the concentration of each metal in sediments by the

background level to get the CF value (Hakanson 1980; Ali et al.,

2016). For PLI, ‘n’ is the total number of element. CF < 1: Low

contamination; 1 ≤ CF < 3: Moderate contamination; 3 ≤ CF < 6:

Considerable contamination, CF ≥ 6: Very high pollution

(Turekian and Wedepohl 1961; Hakanson 1980; Loska et al.,

1997) And PLI = 0: perfect quality, PLI < 1: No pollution; PLI > 1:

Polluted.

Evaluation of potential ecological risk

Hakanson (1980) developed a system for assessing ecological

risks in the context of heavy metals pollution. However, the

assumption of an aquatic environment’s sensitivity is dependent

on its productivity, which may also be assessed using the approach.

In addition, the possible ecological risk index (RI) was created to

quantify the severity of sediment pollution (Liu et al., 2018). By

combining ecological and environmental consequences with

toxicological, the index allows for a more accurate assessment of

heavy metal contamination’s possible ecological risk factor (Bi et al.,

2018). The employed formula is as follows:

Ei
r = Ti

r × CF

Ci
f � Ci

n/Ci
o

RI � ∑n
i�1
Ei
r

TABLE 1 Classifications of the geoaccumulation index grade ro sediment quality assessment.

Classification Contamination degree References

Igeo< 0 Practically uncontaminated Müller (1981)

0 ≤ Igeo <1 Uncontaminated to moderately contaminated

1 ≤ Igeo < 2 Moderately contaminated

2 ≤ Igeo < 3 Moderately to heavily contaminated

3 ≤ Igeo< 4 Heavily contaminated

4 ≤ Igeo< 5 Heavily to extremely contaminated

Igeo ≥ 5 Extremely contaminated
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Where, RI is the sum of all heavy metal risk aspects in sediment,

Ei
r is the monomial potential ecological risk factor, Ti

r is the toxic

response factor for selective elements that are responsible for the

poisonous and sensitive requirement, and the values of As, Cr,

Hg, and U correspond to 10, 2, 40, and 42, respectively (Yu et al.,

2010); Ci
f is the monomial contamination factor; Ci

n is the metal

subject in the sediment, and Ci
o is a background value of each

element. The potential ecological risk index (RI) of the sediment

can be divided into the following categories: Ei
r ˂ 30, RI ˂ 100:

Low risk; 30 ≤ Ei
r ˂ 50, 100 ≤ RI ˂ 150: Moderate risk; 50 ≤ Ei

r ˂

100, 150 ≤ RI ˂ 250: Considerable risk; 100 ≤ Ei
r ˂ 150, 200 ≤ RI ˂

350: Very high risk; Ei
r > 150, RI > 350: Disastrous risk

(Hakanson 1980; Zhao et al., 2016; Kusin et al., 2018).

Human health risk assessment

Chronic daily intake (CDI) was used to assess the risk of human

health from exposure to the trace metals found in the sediment as

well as soil (Hu et al., 2017). CDIs can be evaluated for the following

routes since humans can uptake metal contents through three

methods (inhalation, cutaneous contact, and ingestion) (USEPA

2011; Kusin et al., 2018; Ali et al., 2020a, 2022):

CDI (for inhalation) � PM × CS × ET × EF × IRair × ED

BW × PEF × AT

CDI (for dermal contact) � CS × SA × AF × EF × ED × ABS

BW × AT × 106

CDI (for ingestion) � CS × EF × ED × IRS

BW × AT × 106

where CS is the trace metal concentration in the soil; PM is the

ambient particulate material of the desired area (0.146 mg/kg) (Shen

et al., 2019); ET is the exposure frequency of 24 h/d; EF is the

exposure frequency 350 d/a (USEPA 2011); IRair is the inhalation

rate of air (20 m3/d) (USEPA, 2002); ED is the exposure duration,

which is 30 years (USEPA 2011);BW is body weight: 70 kg for adult

and 15 kg for children (USEPA 2002); PEF is the particle emission

factor 1.36 × 109 m3/kg (USEPA 2002); AT is the average time for

non-carcinogenic substance: 365× ED d (USEPA 2011); AT is the

average time for carcinogen substance: 365× 70 d (USEPA 2011);

SA is the skin surface area for soil contact exposure: 5,700 cm2/d

(adult) and 2,800 cm2/d (child) (USEPA 2011);AF is the adherence

factor of soil: 0.07 mg/cm2 (adult), 0.2 mg/cm2 (child) (USEPA

2011); 106 was used as a conversion factor to convert from kg to

mg;ABS is a fraction of dermal absorption at 0.03 (for As) and 0.001

(for others) (USEPA 2011); and IRS is the ingestion rate: 100 mg/d

(USEPA 2011; Liu et al., 2018).

Non-carcinogenic risk assessment

Due to varying exposures to an individual’s metal contents,

HQ was determined to determine HI as the non-carcinogenic

risk for a given element. The ratio of CDI (mg/kg/d) to reference

dose (mg/kg/day) was used to compute HQ (USEPA 1989). The

HQ and HI assessment equations are as follows (USEPA 2000):

HQ � CDI

RfD

HI � ∑n
i�1
HQk � HQinhalation + HQdermal + HQingestion

RfD values (mg/kg/day) for various elements, as well as their

exposure pathways (USEPA 2011): As (3.00E-04), Pb (3.5E-03),

Cr (3.00E-03), Cd (1.00E-03), and Hg (3.00E-04) (JECFA 1993)

(3.00E-04). There is no way to mitigate the non-carcinogenic

effect, the result of HI > 1 indicates that humans may be exposed

to it (Saha et al., 2016; Zhao et al., 2018).

Carcinogenic risk assessment

The lifetime carcinogenic risk (CR) exposure for each

pathway was calculated using the cancer risk factor (CSF) of

the individual metal content (USEPA 2000; Fantke et al., 2012).

CSFs of As, Cr, and Cd are 1.5 mg/kg/day (USEPA 2002),

0.5 mg/kg/day (Cancer IAfRo 2011), and 15 mg/kg/day

(Cancer IAfRo 2011) respectively. The following equation can

be used to calculate CR:

CRi � CSFi ×CDIi

CR � ∑n
i�1
CRi

The acceptable lifetime CR limit is between 10−6 and 10−4

(USEPA 2002; FAO 2014; Yin et al., 2015). A value greater than

10−5 indicates that an individual’s cancer progression would be

greater than 1 in 100,000 (Ahmed et al., 2019b; Traina et al.,

2019).

Statistical analyses

To determine the data distribution, the Kolmogorov-

Smirnov and Shapiro-Wilk tests were used to avoid difficulties

like normal/non-normal data dispersion. Correlation analysis

was used to evaluate relationships among the variables under

consideration, with statistical significance set at p ≤ 0.05. Cluster

analysis (CA), an unsupervised pattern recognition technique,

reveals the intrinsic structure of a data set without making a prior

assumption about the data, allowing the system’s objects to be

classified or clusters based on their proximity or similarity (Varol

and Sen 2009). Clusters are produced progressively by starting

with the most similar pair of items and constructing higher

clusters in a step-by-step method in hierarchical clustering,

which is the most frequent approach. A “distance” can be

expressed by the “difference” between analytical values from
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both samples, and the Euclidean distance usually gives

similarities between two samples (Otto 1998). Using Ward’s

technique and Euclidean distances as a measure of similarity,

hierarchical agglomerative CA was done on the normalized data

set in this work (Ward, 1963). This method evaluates cluster

distances using analysis of variance while seeking to minimize the

sum of squares of any two clusters that can be constructed at each

step. As a way to standardize the linkage distance represented on

the y-axis, the linkage distance is reported as Dlink/Dmax, which

means the quotient between the linkage distances for a particular

case divided by the maximal distance, multiplied by 100

(Simeonov et al., 2000; Shrestha and Kazama 2007; Varol and

Sen 2009).

Results and discussion

Charecterization of seasonal variation of
heavy metals

In the summer and winter, heavy metals (As, Cr, Cd, and Pb)

were measured in the Rupsha River’s surface sediments and data

are shown in Figures 2A,B. Metal concentrations in sediment

were higher in the winter than in the summer due to lower water

flow, presumably helping accumulate heavy metals in sediment

(Bhuyan M. and Bakar M., 2017; Ali et al., 2020a; 2021; Islam M

et al., 2020). In Bangladesh, there is no rainfall during the winter

season is lower water flow in the river basin and the industrial

operation is increased during the winter season. Meanwhile,

higher industrial/agricultural activities cause excess levels of

metals in river sediment. The average concentration of heavy

metals in sediments was in the decreasing order of Cr > Pb >As >
Cd for both the summer and winter seasons (Table 2).

Arsenic

Heavy metal concentrations and sources are being

determined. As is a naturally occurring element in Bangladesh

causes poisoning over a short period of exposure. Total arsenic

concentrations in uncontaminated nearshore marine and

estuarine sediments ranged from 5.0 to 15 mg/kg dry weight.

The average concentration of arsenic in deep-sea sediments was

found 40 mg/kg (Moore and Ramamoorthy 2012). Arsenic

concentrations in river sediments in England and Wales

ranged from 7 to 950 mg/kg (Langston 1980). Metal

concentrations in sediments from estuaries receiving drainage

from metal-mining areas could be much higher. It also has long-

term effects on the human body, such as congenital disabilities,

reproductive problems, and skin and vascular illnesses, all of

which can lead to cancer (Bhuyan M. S. and Bakar M. A., 2017;

Bhuyan et al., 2019; Ali et al., 2020a, 2022). The highest

concentration of As was found 7.58 mg/kg and the lowest

level was observed 3.12 mg/kg, respectively. The maximum

concentration (7.58 mg/kg) was identified at site 7 during the

winter, while the lowest concentration (3.12 mg/kg) was recorded

at site 4 during the summer (Figure 3). At the Feni River Estuary,

found 0.85 mg/kg (Table 2). This result is lower than that of the

current study. Magesh et al. (2013) observed As levels 7.30,

5.06 and 5.69 mg/kg at Korampallam Creek, Punnakayal

Estuary, and Kallar Estuary. The findings were likewise

somewhat similar to those of the current study. Ali et al.

(2018) found almost identical results in the Pasur River,

Bangladesh (Table 2).

Chromium

Chromium (Cr) compounds are potent oxidizers that are

irritating and corrosive, making them appear more dangerous

(Rahman et al., 2012). In our study, Cr concentrations ranged

from 18.67–67.12 mg/kg, with a mean value of 43.2 mg/kg.

During the winter, the maximum level of 67.12 mg/kg was

reported at site 5 (Figure 2A). During the summer, a minimum

of 18.67 mg/kg was recorded at site 2 (Figure 2B). The metal

concentration levels at all of the sites were higher than the

WHO (2004), USEPA (1999, 2004), and Ayers and Westcot.

FIGURE 2
Heavy metals concentrations in sediment in the winter (A)
and summer (B) seasons.
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(1985) recommended levels (Table 2). At the Kutubdia

Channel, Hossain M. B. et al. (2020) found a much lower

level (11.0 mg/kg) (Table 2). In the Feni River Estuary,

Karnaphuli River and Bhairab River, Islam et al. (2018), Ali

et al. (2016, 2022), Islam et al. (2013), and Mamun et al. (2013)

found lower levels of As. At the Yangtze River Estuary in

China, Fan et al. (2020) found 34.4 mg/kg. At the Kallar

Estuary, Korampallam Creek, and Punnakayal Estuary,

Magesh et al. (2013) found 10.12 mg/kg, 26.85 mg/kg, and

9.34 mg/kg, respectively. The lower level of Cr in the Vellar

estuary, India, was found by Ramanathan et al. (1999)

(Table 2).

Cadmium

The average Cd concentration in the summer was

1.45 mg/kg, whereas 2.18 mg/kg in the winter (Figures 2A,B).

The average concentration of Cd was 1.8 mg/kg on. The current

findings are noted as exceeding the USEPA’s (1999)

TABLE 2 Metal concentrations (mg/kg) in the estuary and coastal sediment from throughout the world are compared.

Location As Cr Cd Pb Country References

National

Rupsha River 5.18 43.2 1.8 29.21 Bangladesh Present study

Bhairab River 3.68 31.74 1.44 23.82 Bangladesh Ali et al. (2022)

Kutubdia Channel 9.0 11.0 — 22.0 Bangladesh Hossain et al. (2020b)

Feni River Estuary 0.85 35.28 — 6.47 Bangladesh Islam et al. (2018)

Pasur River 3.15–19.9 20.67–83.7 0.39–3.17 7.34–55.32 Bangladesh Ali et al. (2018)

Karnaphuli River 81.09 20.3 — 43.69 Bangladesh Ali et al. (2016)

Karnaphuli River — 0.76 0.24 4.96 Bangladesh Islam et al. (2013)

Karnaphuli River — 28.17 — 15.49 Bangladesh Mamun et al., 2013

Karnaphuli River coast — - 0.43 26.7 Bangladesh Siddique and Aktar, (2012)

Passur river — 2.80–31.90 0.80–2.70 5.33–18.42 Bangladesh Rahman et al. (2011)

Matamuhuri River — — — 26.42 Bangladesh Ashraful et al. (2009)

Moheshkhali River — — — 49.22 Bangladesh Ashraful et al. (2009)

Bakkhali River — — — 3.12 Bangladesh Ashraful et al. (2009)

International

Yangtze River Estuary — 34.4 0.13 25.8 China Fan et al. (2020)

Yangtze River Estuary — 69.5–103 0.037–0.212 13.7–23 China Wang et al. (2020)

Kallar Estuary 7.30 10.12 3.61 29.11 India Magesh et al. (2013)

Korampallam Creek 5.06 26.85 5.29 67.38 India Magesh et al. (2013)

Punnakayal Estuary 5.69 9.34 10.40 28.13 India Magesh et al. (2013)

Ennmore coast — 148.6–243.2 4.6–7.5 24.9–40 India Raj and Jayaprakash, (2008)

Vellar estuary — 38 7 6 India Ramanathan et al. (1999)

Pichavaram mangrove — 141.2 6.60 11.2 India Ramanathan et al. (1999)

Coleroon Estuary — 49.6 8.60 4.60 India Ramanathan et al. (1999)

Boston Harbor — 231.5 — 135 United States Bothner et al. (1998)

Tokyo Bay — 77.3 0.996 50.68 Japan Fukushima et al. (1992)

World Average 100 150 Venkatramanan et al. (2015)

Average Shale 13 90 20 Turekian and Wedepohl (1961)

Sediment Quality Guidelines (Effect range Low) 8.2 81 47 Long et al. (1995)

Sediment Quality Guidelines (Effect range medium) 70 370 220 Long et al. (1995)

Guideline

USEPA (2006) 6 26 — 31

USEPA (1999) — 25 0.6 40

WHO (2004) — 25 6 —

Ayers and Westcot. (1985) — 0.1 — 5
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recommended limit. Cd concentrations were high throughout

the winter, which could be linked to variations in water capacity

in the study area, where restricted water flow caused Cd

precipitation in sediment, elevating its concentration (Ali

et al., 2016). In the Pasur River and Bhairab River, Ali et al.

(2018) and Ali et al. (2022) found 0.39–3.17 and 1.41–1.92 mg/kg

Cd respectively (Table 2). In the Karnaphuli River, Islam et al.

(2013) and Siddique and Aktar (2012) found 0.24 mg/kg and

0.43 mg/kg Cd, respectively. Cd levels in the Passur river varied

from 0.80 to 2.70 mg/kg, according to Rahman et al. (2011). In

the Yangtze River Estuary, China, Fan et al. (2020) and Wang

et al. (2020) found decreased levels of Cd. In Tokyo Bay, Japan,

Fukushima et al. (1992) found 0.996 mg/kg Cd. Magesh et al.

(2013) found greater levels of Cd than the current findings in the

Kallar Estuary, Korampallam Creek, and Punnakayal Estuary. In

India, Ramanathan et al. (1999) found high levels of Cd in the

Vellar estuary, the Pichavaram mangrove, and the Coleroon

Estuary (Table 2).

Lead

Lead (Pb) is a non-essential metal that causes neurotoxicity

and nephrotoxicity in humans (Garca-Lestón et al., 2010). The

mean Pb concentration was 29.21 mg/kg during the winter, with

the maximum value being 48.52 mg/kg at site 3 (Figure 2A). The

lowest concentration of 12.69 mg/kg was recorded during the

summer season at site 7 (Figure 2B). In the Kutubdia Channel,

Bangladesh, Hossain M. S. et al. (2020) found 22.0 mg/kg Pb.

About 23.82 mg/kg, 6.47 mg/kg, 4.96 mg/kg, 15.49 mg/kg,

26.7 mg/kg, 26.42 mg/kg, and 3.12 mg/kg were found in the

Bhairab River, Feni River Estuary, Karnaphuli River,

Matamuhuri River, and Bakkhali River, respectively, by Ali

et al. (2021), Islam et al. (2018), Islam et al. (2013), Mamun

et al. (2013), Siddique and Aktar (2012), Ashraful et al. (2009).

These results were lower than those found in the current study. In

the Yangtze River Estuary, China, Fan et al. (2020) and Wang

et al. (2020) reported decreased levels of Cd (Table 2). Magesh

et al. (2013) found reduced Pb levels in the Kallar and

Punnakayal Estuaries in India. The value of Cd observed in

this study was higher than that found by Ramanathan et al.

(1999) in India’s Vellar estuary, Pichavaram mangrove, and

Coleroon Estuary. Bothner et al. (1998) and Ali et al. (2016)

found a greater concentration of Cd in Boston Harbor and

Karnaphuli River than in the current research (Table 2).

Assessment of biological effect through
SQGs

The ecotoxicological sensibility of the contaminants and the

identification of metal components in an aquatic environment

were assessed using sediment quality guidelines (SQGs)

(Kumwimba et al., 2016). The SQGs were consensus-based

assessments expressed in TEC, PEC, and ASV (Table 2). Cr

metal had the highest TEC (43.40) while Pb had the highest

level of PEC (128). The evaluation method, protection level

connected to sediment characteristics such as TOC, pH, acid-

volatile sulfide (AVS), and screening of important environmental

elements are all aspects that contribute to the difference of findings

in different sites (Chen et al., 2005; Ahmed et al., 2019a). These

characteristics can make the usage of SQGs and their development

more difficult (Gao et al., 2015). In our study area, 100% of the

samples were below TEC limit for As in both summer and winter

seasons. However, it was 60, 80, and 10% in summer and 60%

100%, and 30% in winter season for Cr, Cd, and Pb respectively,

remained in the TEC-PEC range. Hence, the findings indicated tha

the research area could be occasionally and directly influenced by

anthropogenic activity. Furthermore, SQG evaluations revealed

that pollutants in river sediment constitute major ecological harm

to sediment-dwelling organisms. In comparison, our findings were

similar to those of Wu et al. (2014). They observed that the

sediment-dwelling organisms in the Baihua and Hongfeng

reservoirs posed a moderate toxicological risk due to heavy

metals exposure. However, to correctly assess the current

condition of trace metal contamination, numerous developed

geochemical indices must be evaluated (Siddique et al., 2020).

Geoaccumulation index (Igeo)

Igeo is a critical ecological index for distinguishing between

natural and human-caused metal sources and determining the

level of contamination in sediment samples. The contamination

of the HMs in the research region was delineated in the following

order: Cd > Pb > Cr > As, based on average Igeo values. Cd

(1.89), had the highest Igeo value, while Cr had the lowest (-1.96).

FIGURE 3
Contamination factor (CF) and pollution load index (PLI) in the
sediment of the Rupsha River.
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Cd was found to be “moderately contaminated” at the sample

site, while Pb, As, and Cr was found to be “least contaminated”

(Table 3). Furthermore, a minor difference was observed among

the metals in sampling sites due to the change of metal

concentrations. All of the Igeo values of As, Pb, Cr, and Cd in

the sampling area were found to be less contaminated, according

to the findings. However, Ke et al. (2017) found that the Igeo
values in the Liaohe River protected area were classified as highly

contaminated. In addition, Mohiuddin et al. (2011) conducted a

study on the Turag river, finding that Igeo values for Pb and Cu

remained in the unpolluted category. The main explanation for

this was that the attribution of metals in the Liaohe and Turag

rivers was much higher than in our study sites.

Contamination factor and pollution load
index

The CF values of the metals are shown in Figure 3, and they

can be sorted in the following order: As varies from 0.33 to 0.45

(mean 0.39); Pb ranges from 1.34 to 1.59 (mean 1.47); Cr varies

from 0.44 to 0.52 (mean 0.48), and Cd ranges from 4.75 to 7.25

(mean 6.0). The CF value of Cd indicated that there was

significant contamination. According to the CF value,

sediments of the study river were moderately polluted with

Pb. CF values of As and Cr were found to be less than 1,

indicating low contamination. The CF value was higher in the

winter than in the summer. Islam et al. (2015a) and Ali et al.

(2016, 2022) found similar results in a Bangladeshi urban river.

According to the research, domestic wastewater drainage,

industrial effluents, municipal runoffs, and atmospheric

deposition are the main sources of the observed higher levels

of metals in the surface sediment (Ali et al., 2020a). Hassan et al.

(2015) conducted a study in the Meghna river, and their findings

were identical to those of the current study.

The PLI can provide information about sediment quality to

the general public. It also provides decision-makers with critical

information on the state of pollution in the research area (Suresh

et al., 2012). The pollution load index (PLI) values for metals in

sediments are reported in Figure 3 (inside). If the PLI score is

larger than one, the tested region is entirely polluted, according

to. PLI values ranged from 1.01 to 1.42 at all sampling sites in the

winter, indicating that the sediment in the study river was

polluted (PLI > 1). Except at sites 8, 9, and 10, the PLI fell

below 1 in the summer. In all sampling locations, PLI values are

more than unity, owing to the impact of municipal and other

industrial activity in these areas.

Potential ecological risk index

The PERI was assessed using a monomial ecological risk

model and specific features that highlighted the cumulative

ecological-toxicological effects of numerous contaminants in the

aquatic environment (Karydas et al., 2015). In both the summer

and winter seasons, Cd’s monomial potential ecological risk

assessment was determined at a higher level. At all of the sites,

the PERI value for Cd exceeded the allowed limit. The PERI score

ranged from 160 to 320, indicating a significant risk posed by Cd in

the study area (Figure 4). Pb and Cr were determined to be in a

low-risk status. Sites were organized in descending order based on

the RI values for all cumulative metal concentrations: S4 > S2>
S5 >S6 > S3 > S1 > S9 > S8 > S7 > S10 for the summer season, and

S5 > S4 > S1 > S2 > S6 > S9 > S3 > S8 > S7 > S10 for the winter

season. During the winter season, the highest value of RI (333.92)

TABLE 3 Igeo values of the metal contents in the sediment of the
Rupsha River, Bangladesh.

Sites Summer Winter

As Pb Cr Cd As Pb Cr Cd

S1 −2.45 −0.35 −2.02 1.40 −1.88 −0.24 −1.86 1.76

S2 −1.78 −0.55 −2.89 1.08 −1.45 −0.04 −2.52 1.94

S3 −2.01 0.40 −2.63 1.19 −1.67 0.69 −2.29 2.48

S4 −2.64 0.09 −1.49 1.02 −1.72 0.25 −1.27 1.63

S5 −2.23 −0.48 −1.19 1.17 −1.67 −0.62 −1.01 1.51

S6 −2.33 0.09 −1.58 1.19 −2.26 0.30 −1.35 2.35

S7 −1.96 −1.24 −2.32 2.26 −1.36 −0.78 −2.01 2.60

S8 −2.55 −0.36 −1.58 2.20 −1.76 −0.08 −1.39 2.54

S9 −2.26 −0.02 −1.61 2.01 −1.74 0.23 −1.33 2.48

S10 −1.92 0.12 −1.36 2.22 −1.50 0.43 −1.03 2.82

Min −2.64 −1.24 −2.89 1.02 −2.26 −0.78 −2.52 1.51

Max −1.78 0.40 −1.19 2.26 −1.36 0.69 −1.01 2.82

Average −2.21 −0.23 −1.87 1.57 −1.70 0.02 −1.61 2.21

FIGURE 4
Potential ecological risk index (PERI) in the sediment of the
Rupsha River.
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was recorded at site 10. During the summer season, the lowest

reading of 102.45 was observed at site 4 (Figure 4). The majority of

the research region was found to be at a moderate risk to the

aquatic ecology. Because industry and urbanization are quickly

developing in our study area, more environmental elements should

be carefully monitored to assess sediment quality and investigated

new sources of metal content (Ali et al., 2022).

Human health risk assessment of the
sediment

The local people surrounding the river basin were directly

involved in various seasonal growing crops, therefore the human

health risk was explored. The majority of the residents exploited the

riverbank sediment for their agricultural plots. Sometimes river bed

sediments are brought to the house for preparing household stuff. The

local farmers also applied the river bed sediment to the agriculture

fields to supplement organic matter. As a result, they have to be in

direct touchwith the sediment to grow seasonal vegetables. One of the

significant characterizations and critical tools for understanding

unfavorable human health impacts and environmental hazard

exposures is risk assessment (Chonokhuu et al., 2019; El-Alfy

et al., 2020). The following processes were followed to assess the

danger to human health for three significant pathways:

Estimation of chronic daily intake

The metals’ CDIs from the investigated sites were analyzed

for adults and children, as shown in Table 4. CDIs were higher in

children than in adults, according to the data, due to pathways

that were grouped in decreasing order: ingestion > dermal >
inhalation. For the targeted groups of people exposed through the

exposure pathways, As had a higher CDI value than the other

metals (Table 4). Through the dermal method, a child’s

concentration was observed to be 5.56E-06, while an adult’s

concentration was determined to be 8.49E-07. As consumption

in children (3.31E-05) is higher than in adults (7.09E-06).

Through all of the processes, Pb and Cr levels were shown to

be higher in children than in adults. The intake of Cd was lower

than the other metals in both children and adults (Table 4). Ali

et al. (2022) found similar results where the CDIs were higher in

children than adults.

THQ assessment (non-carcinogenic risk)

The average CDI values were used to assess the non-

carcinogenic risk. In both age groups, Table 4 showed the

maximum HQ value for the As metal content via the

ingestion method (adult: 2.36E-02, children: 1.10E-01). In

addition, metal As had a greater HQ attribution via the

inhalation method, whereas As demonstrated a leadership

position for all types of persons (Table 4). The overall results

of HQ for all the pathways of the nearby local community were

observed in the following order: As > Cr > Pb > Cd. The

measurement of HQ was used to assess HI. Children were

found to be more sensitive than adults as a result of the total

HI of five components (Table 4). The overall results of

1 suggested that there was no substantial non-carcinogenic

risk effect in the research area. A similar conclusion was made

TABLE 4 Value of different toxicity indexes in the sediment of the Rupsha River.

CDI HQ HI TCR

Adults Dermal Ingestion Inhalation Dermal Ingestion Inhalation

As 8.49E-07 7.09E-06 3.76E-09 2.83E-03 2.36E-02 1.25E-05 2.65E-02 1.19E-05

Pb 1.60E-07 4.00E-05 2.12E-08 4.56E-05 1.14E-02 6.06E-06 1.15E-02

Cr 2.36E-07 5.92E-05 3.14E-08 7.87E-05 1.97E-02 1.05E-05 1.98E-02 2.97E-05

Cd 9.84E-09 2.47E-06 1.31E-09 9.84E-06 2.47E-03 1.31E-06 2.48E-03 3.72E-05

CDI HQ HI TCR

Children Dermal Ingestion Inhalation Dermal Ingestion Inhalation

As 5.56E-06 3.31E-05 1.75E-08 1.85E-02 1.10E-01 5.85E-05 1.29E-01 5.80E-05

Pb 1.05E-06 1.87E-04 9.90E-08 2.99E-04 5.34E-02 2.83E-05 5.37E-02

Cr 1.55E-06 2.76E-04 1.46E-07 5.15E-04 9.20E-02 4.88E-05 9.26E-02 1.39E-04

Cd 6.44E-08 1.15E-05 6.10E-09 6.44E-05 1.15E-02 6.10E-06 1.16E-02 1.74E-04
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in the Yangtze River (Hu et al., 2017), where residents were safe

from exceeding the worrying level (HI < 1). Ahmed et al. (2020)

and Ali et al. (2022) found similar results in Bangladesh’s Gomti

river and Bhairab River respectively.

Carcinogenic risk evaluation

Because the USEPA did not give a carcinogen slope factor for

Pb, the carcinogenic risk (CR) for the other elements, As, Pb, and Cr

was approximated. Table 1 showed the results of the CR. For both

adults and children, ingestion exposure was the most common

among the three exposure routes. The CRs of different metals for

different age groups, for example, may differ dramatically (Table 4).

Childrenwere shown to have higher CR values than adults (Table 2).

Furthermore, children were exposed to higher CR in terms of As

(5.80E-05) and Cd (1.74E-04) with a stronger effect than any other

element through the ingestion channel. All As, Cr, and Cd risk

values were found to be above 1 × 10–5, indicating that the explored

research region was not devoid of the detrimental effects of CR in

both children and adults (Table 4). In contrast, El-Alfy et al. (2020)

observed that consumingmetals from the Burullus Lake silt exposed

children rather than adults to the carcinogenic risk.

Source identification of heavy metals in
sediment

Results from Kolmogorov-Smirnov and Shapiro-Wilk

revealed that elements were generally distributed in the

sediments of the study river. Other statistical analyses were

concerned to provide some prospects which delivered some

correlated possibilities using CM, PCA, and cluster analysis (CA).

Correlation matrix

The interrelationship between the metals was depicted in the

correlation matrix. Pb and Cr (r = 0.148) and Cd and Cr (r =

0.135) had a weak positive connection in the summer. Cr Vs. was

identified to have a moderately negative relationship (−0.513).

Weak negative associations between Pb and Cd (r = −0.298) and

Pb and As (r = −0.158) were investigated (Table 2). Pb Vs. Cd (r =

0.357), Cd Vs. Cr (r = 0.024), and Cd Vs. As (r = 0.230) all

showed a positive weak linear relationship in the winter. Between

Cr Vs. As (r = −0.274) and Pb Vs. As (r = −0.265), there was a

negative linear connection (Table 5).

Principal component analysis

PCA was used to analyze the clustering behavior of several

features qualitatively. Figure 5 shows the PCA findings for

each factor with an eigenvalue greater than 1, a variance of

100%, and the cumulative variance. With a total variance of

89.90%, the PCA investigated the three grouping components.

Due to the significant loadings of As, PC1 contributed 38.72%

of the total variation (0.718). PC1 was shown to come from

both geogenic and anthropogenic sources, such as

manufacturing companies and refineries, according to the

findings (Shikazono et al., 2012). PC2 accounted for 27.37%

of the entire variance in the high Cd loading (0.816), which

was attributed to battery manufacturing and other industrial

concerns.

TABLE 5 Correlation matrix of heavy metals in sediment of Rupsha River, Bangladesh.

Summer correlation in sediment Winter correlation in sediment

As Cr Cd Pb As Cr Cd Pb

As 1 As 1

Cr −0.513 1 Cr −0.274 1

Cd 0.126 0.135 1 Cd 0.230 0.024 1

Pb −0.158 0.148 −0.298 1 Pb −0.265 −0.015 0.357 1

FIGURE 5
PCA among the metals in the sediment of the Rupsha River.
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Cluster analysis

A comparable set of sites was displayed in one group of the

cluster, while a different group of sites was displayed in another

group to pinpoint specific contamination locations (Yang et al.,

2009; Sundaray et al., 2011). The cluster was explored using Ward

Linkage and Euclidean distance. The dendrogram produced by the

cluster analysis revealed a major cluster at (Dlink/Dmax)×100 <
30 and four prominent clusters: cluster 1, cluster 2, cluster 3, and

cluster 4. Cluster 1 was possessed by S1, S7, and S2; cluster 2 was

possessed by S4, S6, S9, and S8; while cluster 3 was possessed by S10.

Finally, S5 was found in cluster 3. (Figure 6A). A similar strategy was

used in the cluster analysis at (Dlink/Dmax)× 100 < 1 to determine

the relationship between the studied metals and possible sources

(Chung et al., 2011). Cluster 1 included As and Cd, while Cluster

2 comprised Cr and Pb (Figure 6B).

Conclusion

Heavy metals such as As, Cr, Cd, and Pb were examined in the

Rupsha River sediment to estimate the contamination level as these

contents are now available in the sediment throughout the world.

We observed that Cr exhibited the highest concentration followed by

Pb, As, and Cd. In the current study, Cd exceeded various standard

limits among the metals examined. SQGs revealed that metals like

Cd, Cr, and Pb had negative biological as well as ecological effects on

the sediment-dwelling organisms. After measuring the river’s

sediment quality, we can conclude that according to Igeo, the

river’s sediment was moderately contaminated for Cd. CFs

revealed that the study area was polluted especially for Cd whilst

PLI indicated that investigated areawas polluted in thewinter season

as it was > 1. The study region was located within the moderate-risk

line, which can adversely influence the river’s aquatic creatures,

according to the possible ecological risk index and the risk index

along with the sites. Multivariate analysis revealed that the metals

were attributed to the river by diverse anthropogenic activities,

largely from industries and municipal trash. Nonetheless,

constant monitoring should be conducted, and appropriate rules

should be put in place to limit any invasive anthropogenic activity

across the river. This study suggested that the chemical fractionation

of sediments should be considered to provide a more accurate

appraisal of trace metals’ risk and their distribution pathways in the

riverine ecosystems.
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