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A B S T R A C T   

Despite the beneficial aspect of a natural drainage system, increasing human-induced activities, 
which include urbanization and growth in industrialization, degrade the ecosystem in terms of 
trace metal contamination. In response, given the great importance of the south-eastern drainage 
system in Bangladesh, a detailed evaluation of the human health risk as well as the potential 
ecological risk of trace metals (Be, Cd, Co, Cr, Cu, Hg, Ni, Pb, Se, V, Zn, and As) in Karnaphuli 
riverbed sediment was conducted. Mean levels of the elements in mg/kg were As (5.62 ± 1.47); 
Se (0.84 ± 0.61); Hg (0.37 ± 0.23); Be (1.17 ± 0.49); Pb (15.62 ± 8.42); Cd (0.24 ± 0.33); Co 
(11.59 ± 4.49); Cr (112.75 ± 40.09); Cu (192.67 ± 49.71); V (27.49 ± 10.95); Zn (366.83 ±
62.82); Ni (75.83 ± 25.87). Pollution indicators, specifically contamination factor (CF), pollution 
load index (PLI), degree of contamination (Cd), enrichment factor (EF), geo-accumulation index 
(Igeo), and potential ecological risk index (RI), were computed to assess sediment quality. For the 
first observation of health risk, chronic daily intake (CDI), hazard quotient (HQ), hazard index 
(HI), carcinogenic risk (CR) and total carcinogenic risk (TCR) indices were calculated. According 
to the results, CDI values through the ingestion route of both the adult and child groups were 
organized in the following descending mode respectively: Zn > Cu > Cr > Ni > V > Pb > Co > As 
> Se > Be > Cd > Hg. The non-carcinogenic risks were generally low for all routes of exposure, 
except HQingestion was slightly higher for both adults and children. The calculated hazard index 
(HI) was, nevertheless, within the permitted range (HI < 1). Similarly, none of the metals 
exhibited any carcinogenic risks, as all CR values were within the 10− 4-10− 6 range. The need for 
authoritative efforts and water policy for the sake of the surrounding ecosystem and human 
health in the vicinity of the examined watershed is strongly felt as an outcome of this study. The 
purpose of this study is to protect public health by identifying trace metal sources and reducing 
industrial and domestic discharge into this natural drainage system.  
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1. Introduction 

Hundred thousand tons of wastewater were drained into the Karnaphuli river (originating from the Saithah village of Mamit district 
in Mizoram considered as the drainage system of the south-western part of Mizoram, India), only natural drainage system of Chit-
tagong city, has a serious health crisis running amok [1,2] in the south-eastern people of Bangladesh. Compared to many other pol-
lutants, trace element poisoning especially in riverine ecosystems has received attention on a global scale because of its ecotoxicity, 
quantity and persistence [3–5]. Heavy metal buildup in aquatic environments is a result of both human-caused factors (rapid ur-
banization, industrialization, agricultural expansion, economic channelization, land-use changes, smelting, vehicle exhaust emissions, 
etc.) [6–9] and natural factors (volcanic eruptions, forest fires, rock weathering, soil erosion, etc.) [10,11]. Low concentrations of 
heavy metals in aquatic environments are commonly linked with natural or geological sources, but high concentrations of heavy 
metals in sediments may indicate anthropogenic sources [8,12,13]. Heavy metals no longer remain dissolved in water; they are 
especially adsorbed on backside sediments, which they stockpile [8]. On one side, the sediments can act as storehouses and the other as 
capacity sources of contaminants to the water column and may adversely affect sediment-dwelling habitats, aquatic-dependent 
creatures, and eventually human health [14]. Therefore, sediments may be utilized in investigations of sources of long-term pollu-
tion, environmental circumstances [7,15,16] as well as human health consequences. 

Bangladesh, a developing nation, has experienced unplanned urban growth and rapid industrial development in recent years [17, 
18], but the pollutants these activities produce are causing environmental issues on a never-before-seen scale, primarily because of 
arsenic and other heavy metal pollution [19–22]. The streams of Chittagong and Chittagong slope tracts are not associated with the 
other waterway frameworks of the nation. The fundamental waterway of this area is Karnaphuli. It moves through the district of 
Chittagong and the Chittagong Hills [23], cuts over the slopes and runs quickly downhill toward the west and southwest lastly to the 
Bay of Bengal. Not only Karnaphuli Reservoir and Dam but also Chittagong Port is situated on the bank of the Karnaphuli River. 
Though the Karnaphuli River, the lifeline of Chittagong, is not enlisted as a transboundary in the list of Bangladesh India Joint Rivers 
Commission (JRC), a new research publication identifies it as a cross-border river. These rivers are particularly important both hy-
drologically and politically since they transport a lot of sediments that aid in the accretion of land in the estuary zone. Karnaphuli River 
also known as the “Southeastern Drainage System of Bangladesh”, receives huge amounts of untreated effluents from medical and 
industries such as spinning mills, dying, cotton, textile, steel mills, oil refineries and others through 36 canals of the Chattogram city 
and primary source of cross-border water pollution. 

According to Ref. [24], the presence of toxic and hazardous compounds in rivers, estuaries, and marine habitats poses an existential 
crisis to Bangladeshi people’s health and welfare in addition to impacting the ecological integrity [25,26]. In general, human health 
hangs in the balance due to the intake of excess metal through three pathways viz. oral ingestion, inhalation, and dermal absorption 
[27]. Ingestion and dermal absorption are regarded as major pathways for the accumulation of those toxic metals into the human body 
among the three adsorption routes [28]. The majority of heavy metals are carcinogenic, detrimental to the nervous and immune 
systems, and have toxic effects on all living things, even at low concentrations [29]. Literature has also shown that trace metals, 
especially Zn and Cu, build up in human body tissues, which can affect the immune, cardiovascular, nervous, and urogenital systems in 
ways that range from short-term reactions to long-term diseases [30]. Cadmium (Cd) is one of the trace metals in the environment with 
widespread distribution. Human encounters with Cd can occur through ingesting food cultivated in contaminated fields, dust inha-
lation, and dermal contact with water and sediment. This trace metal is able to enter the bloodstream and bind to blood cells via the 
lungs and gastrointestinal tract [31]. Lead (Pb), which is regarded as a non-essential metal, has negative health effects that can harm 
the liver and kidneys and, in the end, cause death [32]. Mercury (Hg) is regarded as a fatal element for both people and other living due 
to its extreme toxicity [33]. Although ingesting some metals, such as Hg, As, Cd, and Pb, is highly hazardous for human health even at a 
low concentration, some metals, such as Cu, Co, Zn, Fe, Se, Ni, and Mn, are helpful to humans at low quantities [34–36]. According to 
Ref. [37], chromium (Cr) plays a critical role in the metabolism of lipids and insulin. Excessive consumption of Cr can result in hepatic 
and renal dysfunction as well as pulmonary diseases [38,39]. Analyzing the anthropogenic impacts and ecological risks of trace el-
ements can give an idea of how polluted aquatic ecosystems are caused by contaminated sediments [40–42]. As a consequence, it is 
essential to measure the concentration of trace metals in sediments from contaminated river systems. Trace metal studies in Karnaphuli 
River and estuary sediments of the Bengal Basin, Bangladesh, have investigated only the occurrence and toxicity profile of selective 
trace metals (As, Cd, Cr, Pb) in the sediment [6,17,43,44]. To the best of our knowledge, this is the first time our group assessed the 
human health risk of trace metals in south-eastern drainage. The main objectives of the present study concentrated on 1) the potential 
trends in the environmental level of important trace metals like Zn, Cr, Ni, Cu, V, Pb, Co, As, Cd, Be, Hg, and Se in the sediment; 2) 
evaluation of potential noncarcinogenic and carcinogenic risk (human health risk) due to inhalation, dermal contact, and ingestion 
exposure pathways. 

2. Materials and methods 

2.1. Study area description 

The research described here was conducted near the Kalurghat bridge of the Karnaphuli River (Latitude 22◦ 23′ 43.01″ N and 
Longitude 91◦ 53′ 21″ E), which flows through Chittagong City, Bangladesh, close to the Bay of Bengal (Fig. 1). Karnaphuli, which 
originates in the Lushai hills, connects Mizoram to the port city of Chittagong on the coast of the Bay of Bengal. It is a 667-m-wide river 
in Bangladesh’s south-eastern region that flows 270 km southwest into the Bay of Bengal via the Chittagong Hill Tracts and Chittagong. 
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Kalurghat Bridge is an older bridge that was previously the only link between the southern portion of the Chittagong division on the 
bank of the river Karnaphuli and the rest of the country. In 1930, this 239-m-long steel-structured rail bridge was built between 
Janalihut and Gomdandi railway stations. 

2.2. Sample collection and preparation 

Based on direction as well as the impact of potential pollution sources (cities, industrial areas, rivers), sediment and water samples 
were collected from four sites, including south-west, north-west, south-east, and north-east of the Karnaphuli River, with three rep-
lications. The southwest station has the Kalurghat BSCIC industrial and shipyard area, is situated near the Kalurghat Bridge, down-
stream of the Karnaphuli River, and has become hostile due to untreated waste discharge. The northwest station, Madhunaghat 
(Chittagong), where Halda meets the Karnphuli River near Madhunaghat, is the world’s only natural carp breeding ground. Domestic 
and industrial effluents carried by the river have an impact on this site. The southeast zone of the Kalurghat bridge contains CNC 
cutting zones, paper mills, and textile mills. The northeast station, known as the city discharge area, generally releases domestic waste. 
Sampling was started from Madhunaghat (22◦ 40′ 53″ N and 91◦ 89′ 21″ E) and ended at Char Khidirpur (22◦ 38′ 79″ N and 91◦ 88′ 85″ 
E). 

In Bangladesh, during the summer, river water levels rise due to significant downpours; during the winter, there is no rainfall, thus 
river water levels fall, causing metal concentrations in water and sediment to fluctuate. For the study, highly impacted areas 
considered to be contaminated by agricultural, residential, and industrial waste products, such as cement factories, pharmaceutical 
factories, textile industries, and paper mills, were identified through a preliminary survey. Sampling was done during the dry season. A 
total of twelve sediment samples were collected from four sampling zones during December 2021 for the study. For water, the same 
number of samples were also studied. Using an Ekman grab sampler, approximately 100 g of sediment was extracted from the Kar-
naphuli river bed at a depth of 0–5 cm and put into a plastic zipper bag. Water samples were collected from sampling stations along the 
river below 0.5 m below the water surface and stored in PVC bottles. After collection samples were brought to the Soil and Envi-
ronment Section, Biological Research Division, Dhaka Laboratory, Bangladesh Council of Scientific and Industrial Research, Dhaka, 
Bangladesh. 

The collected sediment samples were transferred to porcelain dishes from the plastic zipper bags for air drying. Each air-dried 
sample was pulverized with an agate mortar and pestle and sieved through a 2.0 mm (10 US mesh) sieve to get a uniform mixture 
and fine grain size. Before being analyzed in the lab, water samples were properly stored at − 4 ◦C. 

Fig. 1. Map of the study area, Karnaphuli River, Bangladesh.  
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2.3. Reagents 

Analytical grade reagents and chemicals were used throughout the experiment (Sigma-Aldrich, Merck, Switzerland). De-ionized 
water (resistivity & gt; 18 MΩcm, manufactured using an E-pure system, Thermo Scientific, USA), hydrogen peroxide (30%, Sigma 
Aldrich), nitric acid (67%, BDH), and certified reference material (CRM) for As (1000 mg±4 mg/L; Cica-Reagent; Cat. No. 01805-1B; 
Lot. No. 301U9529), Cu (1000 mg±4 mg/L; Cica-Reagent; Cat. No. 08046-2B; Lot. No. 212U9521), Ni (1000 ± 3 mg/kg; Cica-Reagent; 
Cat. No. 28577-2B; Lot. No. 301U9512), for Pb, Cd, Cr, and Se (1000 mg/L±4 mg/L; SIGMA-ALDRICH, Switzerland), for Zn (1000 mg 
±4 mg/L; SIGMA-ALDRICH, Lot: BCBR0978V, Switzerland) were used in this study. All chemicals and reagents were employed after 
further purification, and working standards were generated from stock CRM adopting the standard technique. 

2.4. Sample digestion 

In a pre-acid-washed 100-mL beaker, 10 mL of HNO3 acid was added to 1 g of the dried and finely ground sediment sample and pre- 
digested overnight. Then followed 5–6 h heating at 100–180 ◦C on a hot plate until the solution becomes clear. For complete digestion, 
5 mL of perchloric acid (HClO4) was added and further heated until only 2–3 mL remained in the beaker. After cooling at room 
temperature, the sample solution was shifted into a 50-mL calibrated volumetric flask by washing 2–3 times with deionized water, and 
the volumetric flask was then filled to the mark. The sample solution was well mixed before being filtered through Whatman no. 41 
filter paper into a previously washed and labelled 50-mL opaque plastic bottle. Water samples were digested with 2 mL of concentrated 
HNO3 acid, filtered, filled up to 25 mL, and collected in prewashed plastic bottles. For quality control, blank samples for both sediment 
and water (without sediment and water) were also generated using the same digestion method, respectively. 

2.5. Analytical technique and accuracy check 

To avoid contamination, the samples were handled with clean lab coats and clear, powder-free latex gloves. The identification and 
quantification of metals (As, Se, Hg, Be, Pb, Cd, Co, and V) were performed using an inductively coupled plasma mass spectroscopy 
(ICP-MS, NexION 2000, PerkinElmer, USA). An atomic absorption spectrophotometer (Shimadzu AAS-7000, Japan) was used to test 
other metals (Cr, Cu, Zn, and Ni). The instruments were calibrated before use, to ensure the operation of the instruments within 
acceptable ranges. Certified reference materials (CRM) from Sigma-Aldrich Chemie (GmbH) (Switzerland) were used for the accuracy 
and precision of data. The percentages of recovery were found between 93% and 106%. When the calibration curves had an R2 value >
0.999, the trace metal concentration was calculated. Deionized water was used for all analytical operations, including sample prep-
aration, and analytical-grade reagents were used. Before usage, all of the lab’s equipment and materials underwent a thorough 
cleaning by soaking in 20% nitric acid for at least 24 h. The precision was determined by analyzing duplicate samples and the accuracy 
by analyzing standard samples. 

2.6. Ecological assessment of sediment 

In order to assess trace metal contamination in sedimentary deposits of rivers, several indices have been established. Pollution 
indicators including contamination factor (CF), pollution load index (PLI), degree of contamination (Cd), enrichment factor (EF), geo- 
accumulation index (Igeo), and potential ecological risk index (RI) were taken into consideration to determine the level of pollution in 
the sediments of the Karnaphuli River. Table S1 provides more information on the pollution indices that were used. 

2.7. Assessment of human health risk 

The threat to human health from exposure to trace metals found in soil and sediment was evaluated using chronic daily intake (CDI) 
[27]. Since humans can absorb metal substances through three different routes (ingestion, skin contact, and inhalation), CDIs can be 
examined for the following routes using Equations (1)–(3) [45–48]. Details of the equations are illustrated in Table S2. 

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

BW × PEF × AT
(1)  

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

BW × AT × 106 (2)  

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

BW × AT × 106 (3)  

2.7.1. Assessment of non-carcinogenic risk 
The hazard quotient (HQ) was obtained for a specific component due to various exposures to the metal contents of a particular 

person in order to assess the hazard index (HI) as the non-carcinogenic risk. According to Ref. [45], HQ is the ratio of CDI (mg/kg/d) to 
reference dosage (RfD) (mg/kg/d). For each trace metal, HI represents the sum of the three exposure pathways of HQ. HQ and HI can 
be evaluated by the following Equations (4) and (5) [49]. 
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HQ=
CDI
RfD

(4)  

HI=
∑n

i=1
HQk = HQinhalation + HQingestion + HQdermal (5) 

Non-carcinogenic effects are expected to be associated with an increase in the HI value. There is no significant threat of non- 
carcinogenic effects if the HI value is less than one (HQ < 1). Humans may be subjected to non-carcinogenic effects when the HI 
value is larger than one (HQ > 1), and the effects may worsen due to the lack of potential remediation [50,51]. Table S3 lists the RfD 
values (mg/kg/d) for the various elements. 

2.7.2. Assessment of carcinogenic risk 
For each pathway, the carcinogenic risk (CR) exposure for lifetime encounters was calculated using the cancer risk factor (CSF) of 

the individual metal load [52,53]. The CSF of As is 1.5 mg/kg/d [49], 15 mg/kg/d for Cd [54], 0.5 mg/kg/d for Cr [55], and Pb and Ni 
are 0.38 and 1.7 mg/kg/d, respectively [56]. Using the following Equations (6) and (7), CR and TCR can be estimated: 

CRi =CSFi × CDIi (6)  

TCR=
∑n

i=1
CRI (7)  

where TCR stands for total carcinogenic risk. Lifetime CR permissible limits vary from 10− 6 to 10− 4 [57]. An individual’s cancer 
progression will be greater than 1 in 100,000 if a value is greater than 10− 6 [39,58]. 

2.8. Statistical analysis 

SPSS software (IBM, Version: 25.0, USA) was used for statistical analysis. MS Excel 2013 was used to create the graphs. The 
calculated HMs concentrations in water and sediment are presented as mean ± standard deviation, in mg/L and mg/kg-ww respec-
tively. Tukey’s post hoc tests (ANOVA, p < 0.05) and one-way ANOVA for the multivariate analysis used multiple comparisons with a 
5% threshold of significance. To investigate the relationship between metals, Pearson’s correlation test was conducted to check the 
association among metals. R performed principal component analysis (PCA) and cluster analysis (CA) to confirm the distribution of the 
metals, assisting in the identification of the metals’ source. 

3. Results and discussion 

3.1. Trace metals concentration in sediment 

Excess levels of metals in river sediment are generated by agricultural runoff and untreated domestic sewage waste from residential 
and industrial areas in urban areas [59–62]. The concentration of trace elements in the sediment samples of the study area was shown 
in (Table 2). The Zn, Cr, Ni, Cu, V, Pb, Co, As, Cd, Be, Hg, and Se concentrations were 336.83 ± 62.82 mg/kg; 112.75 ± 40.09 mg/kg; 
75.83 ± 25.87 mg/kg; 192.67 ± 49.71 mg/kg; 27.49 ± 10.95 mg/kg; 15.62 ± 8.42 mg/kg; 11.59 ± 4.49 mg/kg; 5.62 ± 1.47 mg/kg; 
0.24 ± 0.33 mg/kg; Be 1.17 ± 0.49 mg/kg; 0.37 ± 0.23 mg/kg; Se 0.84 ± 0.61 mg/kg, respectively. This study demonstrated that the 
mean concentrations (mg/kg) of trace elements were found in the decreasing order as Zn > Cu > Cr > Ni > V > Pb > Co > As > Se > Be 

Table 1 
Measured concentrations (mg/kg) of studied trace metals in sediment from all sampling sites of the Karnaphuli River.  

Sl Metals Trace Metal Concentration (mg/kg) Significance value (p-value) 

South-West (Mean ± SD) North-West (Mean ± SD) South-East (Mean ± SD) North-East (Mean ± SD) 

1 As 7.03 ± 1.18a 3.62 ± 0.61b 6.12 ± 0.43a 5.72 ± 0.80a 0.005 
2 Se 1.58 ± 0.49a 0.14 ± 0.09c 0.85 ± 0.13b 0.78 ± 0.47bc 0.007 
3 Hg 0.69 ± 0.04a 0.20 ± 0.01c 0.45 ± 0.05b 0.15 ± 0.02c 0.000 
4 Be 1.52 ± 0.35a 0.46 ± 0.14b 1.51 ± 0.23b 1.19 ± 0.16a 0.002 
5 Pb 18.61 ± 1.92a 6.22 ± 4.00b 23.16 ± 9.57a 14.49 ± 6.74ab 0.053 
6 Cd 0.79 ± 0.11a 0.05 ± 0.02b 0.07 ± 0.02b 0.07 ± 0.02b 0.000 
7 Co 15.33 ± 1.57a 5.03 ± 1.42c 14.65 ± 1.91a 11.35 ± 1.83b 0.000 
8 Cr 166.0 ± 7.55b 68.33 ± 4.04d 130.0 ± 3.00b 86.67 ± 8.74c 0.000 
9 Cu 244.67 ± 62.74a 155.00 ± 19.52b 205.33 ± 34.82ab 165.67 ± 23.29b 0.078 
10 V 36.06 ± 3.24a 11.27 ± 4.24c 35.10 ± 4.67ab 27.54 ± 4.21b 0.000 
11 Zn 445.33 ± 38.37a 290.67 ± 16.17c 388.67 ± 15.63ab 342.67 ± 13.80bc 0.000 
12 Ni 112.67 ± 5.69a 47.67 ± 5.03d 81.33 ± 5.51b 61.67 ± 5.41c 0.000 

* Means containing the same letter do not differ significantly at 5% level of significance. 
* Comparisons are column-column. 
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Table 2 
Comparison of trace metal concentrations in sediment (mg/kg) and water (μg/L) with different other studies in the world.  

Location As Se Hg Be Pb Cd Co Cr Cu V Zn Ni Reference 

Sediment 
Rupsha River, Bangladesh 5.18 – – – 29.21 1.8 – 43.2 – – – – [47] 
Brahmaputra River 

watershed, 
Bangladesh 

4.21 – – – 20.25 – – 54.10 7.59 67.60 48.20 22.28 [43] 

Salt marsh ecosystem, 
Bangladesh 

< MDL – – – 5.48 – – < MDL 42.90 – 41.72 – [62] 

Buriganga River, 
Bangladesh 

2.15    110.64 0.281  22.4 168.9  222.3 21.04 [66] 

Karnaphuli River, 
bangladesh 

– – – – 16.57 – – 1.13 – – 53.84 25.30 [67] 

Karnaphuli River Coast, 
Bangladesh 

– – – – 26.70 0.43 – – 45.79 – 105.00 – [44] 

Karnaphuli River, 
Bangladesh 

81.09 – – – 43.69 2.01 – 20.3 – – – – [6] 

Karnaphuli River estuary, 
Bangladesh 

– – – – 23.66–25.05 – – 77.70–99.08 20.34–33.06 – 59.69–74.32 34.10–41.27 [17] 

Hooghly River, India 4 – 0.02 – 10.7 0.16 – 31.8 – – – 19.8 [68] 
Yangtze River Estuary, 

China 
– – – – 25.8 0.13 – 34.4 – – – – [69] 

Yangtze, China 13.51 – 0.67 – 70.36 0.73 – 47.49 – – – – [70] 
Karnaphuli River, 

Bangladesh 
5.62 ±
1.47 

0.838 ±
0.61 

0.375 ±
0.23 

1.171 ±
0.49 

15.62 ±
8.42 

0.24 ±
0.33 

11.59 ±
4.49 

112.75 ±
40.09 

192.67 ±
49.71 

27.49 ±
10.95 

366.83 ±
65.89 

75.83 ±
25.87 

Our study 

Shale Value 13 0.6 0.4 3 20 0.3 19 90 45 130 95 68 [71] 
Water 
Buriganga River, 

Bangladesh 
134 – – - 119 59 199 114 239 – 332 150 [72] 

Bhairab River, 
Bangladesh 

3.6775 – – - 23.815 1.44 – 31.7385 – – – – [48] 

Indus Drainage System, 
Pakistan 

– – 0.33 - 1.2 0.98 0.3 2.6 1.7 – 14 3.8 [73] 

Karnaphuli River, 
Bangladesh 

4.35 0.81 3.54 - 21.43 0.026 0.124 8.44 17.87 1.47 24.2 5.31 Our Study 

WHO 10 40 6 - 10 3 – 50 2000 – 3000 70 [74] 
EU 10 10 1 - 10 5 – 50 2000 – – 20 [75]  
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>Hg > Cd. However, it has been stated that human-induced processes may be responsible for the elevated levels of Zn, Cu, and Cr [63]. 

3.1.1. Arsenic 
Arsenic (As), a substance that naturally exists in Bangladesh, poisons people over a short exposure period. Congenital flaws, 

problems during reproduction, and skin and vascular disorders are long-term consequences on the human body that might result in 
cancer [64,65]. 

The highest concentration of As was found at 7.03 ± 1.18 mg/kg at the south-west part of Karnaphuli riverbed sediment, and the 
lowest level was observed at 3.62 ± 0.61 mg/kg at the north-west part of Karnaphuli riverbed sediment (Table 1). The mean con-
centration of arsenic was 5.6241 mg/kg and was lower than the shale value. The average value of As in Karnaphuli River water was 
4.349 μg/L. The inorganic form of the potentially toxic element arsenic causes arsenicosis disease which is lethal to human health. The 
observed mean metal concentration (5.6241 mg/kg) in the study region was almost 15 times lower than prior studies of Karnaphuli 
(81.09 mg/kg) investigated by Ref. [6] and nearly equal to the Rupsha River (5.18 mg/kg) studied by Ref. [47] (Table 2). 

3.1.2. Selenium 
Selenium (Se) is an essential nutrient for humans and vertebrates; however, it is only needed in trace amounts, with a very limited 

range between insufficient and dangerous levels [76]. Selenium is also known to participate in a variety of critical metabolic in-
teractions with a number of potentially hazardous elements, including mercury, cadmium, and arsenic, which may be crucial to public 
health [77]. Selenium may detoxify mercury in humans by forming 1:1 Hg–Se compounds [78]. Additionally, there is a hostile 
interaction between arsenic and selenium. Arsenic toxicity is enhanced if the selenium level is also very high. However, at lower 
concentrations of selenium, it produces an As–Se compound, which reduces the toxicity of arsenic. In contrast, excess selenium is 
extremely toxic and can lead to selenium poisoning (also known as selenosis) in human beings as well as animals. Animals that 
consume feed containing more than 5 mg of selenium per kilogram become poisoned by selenium [79]. 

The highest concentration of Se was found at 1.58 ± 0.49 mg/kg at the southeast station and the lowest level was observed at 0.14 
± 0.088 mg/kg at the northwest station, respectively (Table 1). The mean concentration of selenium was 0.838 mg/kg and was higher 
than the shale value (Table 2). No comparison was found with other studies as our study revealed selenium value for the first time. The 
average concentration of Se was observed at 0.81 μg/L in Karnaphuli River water (Table 2). 

3.1.3. Mercury 
According to Ref. [33], mercury (Hg) is one of the most dangerous and lethal substances for both human health and other living 

things. Chronic exposure to all Hg compounds can damage the growing fetus, the kidneys, and the brain. Additionally, increased 
exposure to mercury’s toxicity may disrupt how the brain functions and tends to tremors, irritation, and alterations in vision or hearing 
[36]. 

Hg concentrations in the studied region range from 0.15 to 0.69 mg/kg (Table 1), with a significant mean value of 0.37 mg/kg that 
was lower than the shale value (Table 2). The highest concentration of Hg was found at 0.69 ± 0.04 mg/kg at the southwest station and 
the lowest level was observed at 0.15 ± 0.018 mg/kg at the northeast station, respectively (Table 1). Anthropogenic activities like 
industrial effluents, agricultural practices, municipal wastewater, and incineration can all bring this higher concentration to river 
water [80,81]. The lower level of Hg in the Hooghly River, India (0.02 mg/kg) was found by Ref. [68] (Table 2). Karnaphuli River 
water carries on an average of 3.54 μg/L of Hg (Table 2). 

3.1.4. Beryllium 
Beryllium (Be) naturally remains in small amounts in soils; however, human activities have also raised these beryllium levels. 

Beryllium will be added to the air and water via industrial emissions and wastewater discharge. It usually settles in sediment. The 
uptake of beryllium has consequences mainly for human health. 

Be concentration ranged from 0.46 ± 0.14 mg/kg at the northeast station to 1.52 ± 0.35 mg/kg at the southwest station, with the 
southwest station having the greatest concentration. Compared to the shale value of 3 mg/kg, the average beryllium concentration was 
lower at 1.1714 mg/kg (Table 2). 

3.1.5. Lead 
Lead (Pb) is a non-essential hazardous element that causes nephrotoxicity, neurotoxicity, and anaemia in humans (both adults and 

children) [82]. Due to its ability to accumulate not just in individual organisms but also in entire food chains, lead is a highly toxic 
chemical. 

The mean Pb concentration was 21.43 μg/L in water (Table 2) and 15.62 mg/kg in sediment, respectively. The lowest concentration 
of 6.22 ± 3.99 mg/kg was recorded at the northwest station (Table 1) and the highest concentration of 23.16 ± 9.57 mg/kg was 
recorded at the southeast station. The mean metal concentration was lower than the shale value (20 mg/kg) (Table 2). About 29.21 
mg/kg, 20.25 mg/kg, 5.48 mg/kg, 16.57 mg/kg, 26.70 mg/kg, and 23.66–25.05 mg/kg were found in the Rupsha River, Brahmaputra 
River, Salt marsh Ecosystem, Karnaphuli River, Karnaphuli River Coast, and Karnaphuli River estuary respectively, by Refs. [17,43,44, 
47,62,67]. These results were higher than those found in the current study except salt marsh ecosystem [68]. found reduced Pb levels 
in the Hooghly River, India [69,70]. found a greater concentration of Pb in the Yangtze River Estuary, China than in the current 
research (Table 2). Many sectors, including dyeing, printing, oil refineries, and textiles, are now dumping untreated contaminants into 
river water, which is thought to be a potential source of the element [83]. 
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3.1.6. Cadmium 
Cadmium (Cd) is a toxic non-essential transition metal that poses a health risk for both humans and animals. It is a hazardous metal, 

and according to Ref. [84], its concentration in unpolluted ambient water can be as low as ng/ml. Compared to other potentially 
hazardous elements, cadmium is rather soluble. Anthropogenic Cd emissions into a riverine environment are derived from industry 
operations (batteries and plastic industries) and agricultural operations (mineral fertilizer) [39,85]. It has been designated as a group 1 
carcinogenic element for humans due to its lethal consequences such as lung cancer, proteinuria, and osteomalacia [86]. 

The average concentration of Cd was 0.24 mg/kg and was lower than the shale value (Table 2). The highest concentration of Cd was 
found at 0.79 ± 0.11 mg/kg at the south-west and the lowest level was observed at 0.05 ± 0.02 mg/kg at the north-west position of 
riverbed sediment, respectively (Table 1). The mean record of the metal concentration (0.24 mg/kg) was lower than in previous in-
vestigations of the Rupsha River (1.8 mg/kg) and Karnaphuli River (2.01 mg/kg), but higher than in the Hooghly River (0.16 mg/kg) 
and Yangtze River (0.13 mg/kg) (Table 2). The average concentration of Cd in river water was 0.026 μg/L (Table 2). 

3.1.7. Cobalt 
Cobalt (Co) is a naturally occurring element in the environment. The average cobalt level in the soil is 8 ppm. Cobalt is beneficial to 

humans since it is a component of vitamin B12, which is essential for human health. Once in the environment, cobalt cannot be 
destroyed. 

The highest concentration of Co was found at 15.33 ± 1.57 mg/kg at the south-west station and the lowest level was observed at 
5.03 ± 1.42 mg/kg at the north-west station, respectively (Table 1). The mean concentration of cobalt was 11.59 mg/kg and was lower 
than the shale value (19 mg/kg). A very low content of Co (0.12 μg/L) was found in the southeastern drainage system of Bangladesh. 

3.1.8. Chromium 
Chromium (Cr) compounds are potent oxidizers that are both irritating and corrosive, giving them a hazardous appearance [32]. 

Hexavalent chromium rapidly penetrates biological membranes and is more toxic than Cr+3 due to its high oxidizing capacity. 
Considering four sites along the Karnaphuli River, average Cr concentrations ranged from 68.33 ± 4.04 to 166 ± 7.55 mg/kg. The 

mean metal concentration (112.75 mg/kg) was higher than the shale value (90 mg/kg) (Table 2). [6,17,67], found a much lower level 
of chromium concentration in the Karnaphuli River (Table 2). 43.2 mg/kg of Cr was found at a lower level in the Rupsha riverbed 
sediment than in our studied Karnaphuli riverbed sediment. The lower level of Cr was also found in the Hooghly River, India [68] 
(Table 2). Chromium present in the Karnaphuli River sediment could have been anthropogenic: industrial activities such as textile 
factories are discharging Cr-based oxidants (chromate, dichromate, etc.). On the other hand, the average concentration of Cr in 
Karnaphuli River water was 8.44 μg/L. 

3.1.9. Copper 
Copper (Cu) is a minor element found in the earth’s crust, ranking 25th in abundance and approximately 25 mg/kg [87]. Copper is 

an essential nutrient that is abundant in food and water. Zinc influenced both the absorption and the metabolism of copper negatively 
[88]. 

In our study, Cu concentrations ranged from 155 ± 19.52 mg/kg to 244.67 ± 62.74 mg/kg, with a mean value of 192.67 mg/kg 
(Table 1). The metal concentration levels at all of the sites were higher than the shale value (45 mg/kg) (Table 2). The highest 
concentration of Cu was found at 244.67 ± 62.74 mg/kg at the south-west station and the lowest level was observed at 155 ± 19.52 
mg/kg at the north-west station, respectively (Table 1). The south-west zone consists of heavy industrial areas, which are the major 
causes of high metal loading. Other studies of the Karnaphuli River found a much lower level of copper concentration. The lower level 
of Cu in the Karnaphuli River Coast (45.79 mg/kg) was found by Ref. [44] (Table 2). A lower level of Cu was observed in the salt marsh 
ecosystem (42.90 mg/kg) than in our study. The average content of copper was found 17.87 μg/L in Karnaphuli River water (Table 2). 

3.1.10. Vanadium 
Algae, plants, insects, fish, and several other species in the environment contain the element vanadium (V). Vanadium strongly 

bioaccumulates in mussels and crabs, reaching concentrations 105 to 106 times greater than those in seawater. 
The highest concentration of V was found at 36.06 ± 3.24 mg/kg at the south-west station and the lowest level was observed at 

11.27 ± 4.24 mg/kg at the north-west station, respectively (Table 1). The mean concentration of vanadium was 27.49 mg/kg and was 
4 times lower than the shale value (Table 2). Compared to other studies, the observed mean metal concentration (27.49 mg/kg) in the 
study area was about 2.5 times lower than Brahmaputra River (67.60 mg/kg) [43] (Table 2). A minimum V concentration (1.47 μg/L) 
was found in the Karnaphuli River water. 

3.1.11. Zinc 
Zinc (Zn) is an essential trace metal with very low toxicity to humans. Zinc levels that are too high can harm the pancreas, mess with 

protein metabolism, and lead to arteriosclerosis. Fish residing in zinc-contaminated streams can build up zinc in their bodies, allowing 
Zn to bio-magnify the food chain. The absorption and utilization of iron and copper in animals are hampered by excessive intake of 
zinc. Even at relatively low doses, continuous oral zinc supplementation in humans may have negative clinical consequences [89]. An 
increase in dietary zinc causes copper insufficiency in sheep [90]. 

The highest concentration of Zn was found at 445.33 ± 38.37 mg/kg at the south-west station and the lowest level was observed at 
290.67 ± 16.17 mg/kg at the north-west station, respectively (Table 1). The mean concentration of zinc was 366.83 mg/kg and was 4 
times higher than the shale value (Table 2). In comparison to prior studies of Karnaphuli, the measured average metal concentration 
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(366.83 mg/kg) in the investigated area was greater than [17] (59.69–74.32 mg/kg) and [44] (105 mg/kg), respectively (Table 2). 
Industrial activities (solid waste dumpling, industrial exhaust) and agricultural practices (applications of fertilizers and pesticides) 
were regarded as the main reasons for higher Zn concentrations. Karnaphuli River water contains 24.2 μg/L Zn. 

3.1.12. Nickel 
In the aquatic environment, nickel (Ni) is one of the most transportable heavy metals. Nickel is a necessary diet for animals in small 

doses. Nickel, on the other hand, is not just beneficial as a vital element; if the upper limit of the tolerated amount is crossed, it can be 
hazardous. 

The highest concentration of Ni was found at 112.67 ± 5.69 mg/kg at the south-west station and the lowest level was observed at 
47.67 ± 5.03 mg/kg at the north-west station, respectively (Table 1). The mean concentration of nickel was 75.84 mg/kg and was 
higher than the shale value (Table 2). Compared to other studies, the measured mean content (75.84 mg/kg) in the research area was 
approximately three times greater than other studies’ (25.30 mg/kg) evaluated by Ref. [67]. In the Hooghly River, India found 
decreased levels of nickel [68] (Table 2). A higher level of Ni was documented at the stations near the river’s industrial and urban 
zones, which indicates a higher input of Ni in sediment that might originate from urban and industrial wastes. However, the average 
content of Ni in Karnaphuli River water was found 5.31 μg/L (Table 2). 

3.2. Statistical results and source identification 

Statistical investigations were performed with the goal of generating some related possibilities utilizing the correlation matrix 
(CM), principal component analysis (PCA), and cluster analysis (CA). Metal interactions in water and sediment in the aquatic realm 
provide critical details on hazardous metal origins and accumulation paths in water basins [6,48]. The CM was created to evaluate the 
interrelationship as well as identify the whereabouts of the origin and element distribution pattern [36,91]. 

3.2.1. Correlation matrix 
The mathematical association among the heavy metals in correlation coefficients (r) is demonstrated by the correlation table. The 

significance level for two-tailed t-tests is indicated by an asterisk (*). In sediment, very significant and positive linear connections in As 
vs Be (0.947), As vs Co (0.923), As vs V (0.937), Se vs Zn (0.912), Hg vs Cr (0.963), Hg vs Ni (0.955), Be vs Co (0.980), Be vs V (0.978), 
Co vs V (0.994), Co vs V (0.994), Cr vs Zn (0.927), Cr vs Ni (0.988), Ni vs Zn (0.928), and they are significant at the 0.01 level of 
significance (Fig. 9). As and Se (0.684), As and Hg (0.699), As and Pb (0.592), As and Cd (0.623), As and Cu (0.695), Se and Be (0.661), 
Hg and Be (0.661), Hg and V (0.698), Be and Pb (0.667), Be and Cu (0.658), Pb and Co (0.701), Pb and Cr (0.605), Pb and V (0.696), Pb 
and Zn (0.621), Cd and Cu (0.704), Co and Cu (0.609) have been identified to have high correlations that are positive at the 0.05 level 
of significance (Fig. 9). 

3.2.2. Principal component analysis 
When creating predictive models, multicollinearity results from high levels of correlation among the independent variables. In this 

situation, the estimation of the model is highly unstable, and the predictions will not be precise. PCA was done to manage the situation. 
To identify hypothetical sources of potentially harmful components (natural or anthropogenic) in sediments of the South-Eastern Coast 
of Bangladesh, a PCA (Fig. 10) was carried out using the methodology of [92]. This analysis demonstrates the clustering of the trace 
elements into various groups, where the trace elements in one group are connected with the trace elements in another group. The first 
four principal components were 99.5% of cumulative input. In sediments, dimensions-1 and 2 accounted for 52.2% and 31.1% of the 
variability, respectively. Two categories of trace elements were found in the sediments overall, according to the PCA. Strong positive 
loadings on the first principal component (PC1) were predominant on As, Co, V, Be, and Pb. In principal component 2 (PC2), loads of 
Cu, Cd, Hg, Ni, Cr, Se, and Zn predominated. From the biplot above:  

• Highest cos2 attributes are colored in green: Cd  
• High cos2 attributes are colored in orange-green: Pb.  
• Mid cos2 attributes have an orange color: Be, V, Hg, and Co.  
• Finally, low cos2 attributes have a black color: Se, Zn, As, Ni, Cu, and Cr. 

3.2.3. Cluster analysis 
The findings of the cluster analysis (CA) (Fig. 11) represent that the metals in the surface sediment of the studied drainage system of 

Bangladesh were divided into four groups. The findings of the CA are similar to the findings of the PCA. The cluster which is the closest 
to the origin (blue) presents individuals with the best results in soil stations. The Violet cluster shows the individuals with average 
results, whereas the remaining clusters (green and red) correspond to the worst. 

Based on PCA and CA analyses, Cu, Zn, and Cd are likely to be derived from similar sources. The sediments of the coast contain these 
elements at different levels. There is evidence of Cu and Zn loading in sediment, caused by agricultural activities such as chemical 
herbicides and fertilizers used on farmlands [93–96]. Additionally, correlation analysis showed that As and Cr are strongly correlated 
(0.969) (P < 0.01). It is possible that agricultural practices in the study area may provide Cr and As in sediment as pesticides, chemical 
fertilizers, and weedicides are rich in Cr and As [97,98]. Several chemicals are released during tanning, including arsenic sulfide [20, 
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Table 3 
Contamination factor (CF) of trace metals in river sediments.  

Stations CFAs CFSe CFHg CFBe CFPb CFCd CFCo CFCr CFCu CFV CFZn CFNi CF Standard classes [104] 

Value Contamination status 

South-West A1 0.436 3.458 1.655 0.375 0.848 2.3 0.720 1.77 3.911 0.249 5.15 1.59 CF < 1 Low contamination 
A2 0.591 2.612 1.703 0.587 1.036 3.03 0.884 1.83 6.644 0.296 4.39 1.63 1 ≤ CF < 3 Moderate contamination 
A3 0.595 1.834 1.848 0.561 0.908 2.57 0.815 1.93 5.755 0.288 4.53 1.75 3 ≤ CF ≤ 6 Considerable contamination 

North-West B1 0.249 0.357 0.48 0.122 0.183 0.17 0.200 0.73 3.422 0.062 2.91 0.63 CF > 6 Very high contamination 
B2 0.255 0.066 0.507 0.132 0.209 0.2 0.247 0.73 3.889 0.075 3.03 0.69   
B3 0.333 0.255 0.523 0.208 0.542 0.1 0.347 0.81 3.022 0.124 3.24 0.78 

South-East C1 0.439 1.309 0.993 0.416 1.710 0.23 0.656 1.41 4.755 0.231 4.12 1.12 
C2 0.470 1.273 1.158 0.553 0.874 0.17 0.814 1.44 5.222 0.277 3.92 1.19 
C3 0.504 1.680 1.230 0.539 0.889 0.27 0.843 1.48 3.711 0.302 4.24 1.28 

North-East D1 0.389 0.455 0.333 0.336 0.470 0.3 0.497 0.86 4.044 0.174 3.44 0.84 
D2 0.424 2.007 0.395 0.439 1.107 0.17 0.689 0.99 3.088 0.232 3.72 0.91 
D3 0.507 1.455 0.418 0.417 0.597 0.27 0.603 1.04 3.911 0.229 3.66 0.97  

F. Islam
 et al.                                                                                                                                                                                                           



Heliyon 9 (2023) e20040

11

99], and copper arsenate is released from timber treatment [100,101]. It is also possible that Pb is produced naturally [102,103] due to 
its widespread presence in crustal base resources. The metals in this study were derived from anthropogenic and natural sources 
simultaneously. 

3.3. Contamination level and ecological risk assessment 

Trace elements contamination in sediment is assessed and classified using contamination indices. In this study, the contamination 
of trace elements As, Se, Hg, Be, Pb, Cd, Co, Cr, Cu, V, Zn, and Ni in sediments from the Karnaphuli riverbed was evaluated using the 
contamination factor (CF) in Table 3, pollution load index (PLI) and degree of contamination (Cd) in Table 4, enrichment factor (EF) in 
Table 5, accumulation index (Igeo) in Table 6, and potential ecological risk index (RI) in Table 7. 

3.3.1. Contamination factor (CF), degree of contamination (Cd) and pollution load index (PLI) 
The degree of heavy metal pollution is estimated using CF [104]. The estimated values of CF < 1: low contamination; 1 ≤ CF < 3: 

moderate contamination; 3 ≤ CF ≤ 6: considerable contamination; CF > 6: very high contamination (Table 3). The CF values along the 
Karnaphuli River followed the descending order of Cu (4.28) > Zn (3.86) > Se (1.40) > Cr (1.25) > Ni (1.12) > Hg (0.94) > Cd (0.82) 
> Pb (0.78) > Co (0.61) > As (0.43) > Be (0.39) > V (0.21) (Fig. 2a and Table 3). Specifically, the CF for As, Be, Co, and V was below 1 
at all sampling stations, suggesting their low enrichment and contamination [71]. The order of CF in four stations is as follows 
southwest > south-east > north-east > north-west (Fig. 2b). 

Further, Cd was calculated to estimate the degree of contamination of each location. According to the value of Cd, the studied 
stations followed the decreasing order of south-west > south-east > north-east > north-west (Fig. 3 and Table 4). The Cd values found 
in this study indicated that the studied stations had a significant to high degree of contamination, mostly; because of Zn and Cd 
concentration. 

A PLI value of zero signifies excellence, a value of one indicates the presence of just baseline levels of pollutants, and values above 
one indicate a progressive deterioration of the site and estuarine quality [107,105]. The PLI, however, gives insight into the sample’s 

Table 4 
Pollution load index (PLI) and Degree of contamination (Cd) of trace metals in river sediments.  

Stations PLI PLI Standard classes [105] Cd Cd Standard classes [48] 

Value Pollution load status Value Contamination status 

South-West A1 1.28 PLI <1 No pollution 22.46 Cd < 6 low degree of contamination 
A2 1.48 PLI >1 Polluted 25.23 6 < Cd < 12 moderate degree of contamination 
A3 1.40   23.38 12 < Cd < 24 significant degree of contamination 

North-West B1 0.38   9.52 Cd > 24 high degree of contamination 
B2 0.36   10.03   
B3 0.48   10.28   

South-East C1 0.93   17.39 
C2 0.94   17.36 
C3 1.00   16.97 

North-East D1 0.61   12.14 
D2 0.77   14.17 
D3 0.77   14.08  

Table 5 
Enrichment Factor (EF) of studied trace metals in river sediments.  

Stations EF values EF standard classes [106] 

As Se Hg Be Pb Cd Co Cr Cu V Zn Ni Value Enrichment status 

South- 
West 

A1 0.23 1.84 0.88 0.20 0.45 1.14 0.38 1.43 2.09 0.13 2.82 0.87 EF < 1 no enrichment 
A2 0.29 1.30 0.91 0.29 0.51 1.65 0.44 1.30 3.30 0.15 3.11 1.16 1 < EF < 3 no enrichment 
A3 0.30 0.94 0.92 0.29 0.47 1.37 0.42 1.04 2.95 0.15 2.32 0.90 3 < EF < 5 mild enrichment 

North- 
West 

B1 0.20 0.29 0.26 0.10 0.15 0.08 0.16 0.36 2.77 0.05 1.46 0.32 5 < EF <
10 

moderately severe 
enrichment 

B2 0.18 0.05 0.28 0.09 0.15 0.11 0.17 0.39 2.75 0.05 1.68 0.39 10 < EF <
25 

severe enrichment 

B3 0.18 0.14 0.28 0.11 0.29 0.05 0.19 0.42 1.62 0.07 1.73 0.42 25 < EF <
50 

very severe enrichment 

South- 
East 

C1 0.24 0.72 0.80 0.23 0.94 0.12 0.36 0.77 2.61 0.13 2.21 0.60 EF > 50 extremely severe 
enrichment 

C2 0.24 0.64 0.82 0.28 0.44 0.09 0.41 0.79 2.63 0.14 2.15 0.65   
C3 0.27 0.91 0.62 0.29 0.48 0.14 0.46 0.74 2.02 0.16 2.11 0.64   

North- 
East 

D1 0.22 0.25 0.18 0.19 0.26 0.24 0.28 0.48 2.25 0.09 2.79 0.68  
D2 0.23 1.08 0.20 0.24 0.59 0.12 0.37 0.53 1.66 0.12 2.02 0.50 
D3 0.28 0.80 0.23 0.23 0.33 0.15 0.33 0.57 2.14 0.13 1.97 0.52  
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Table 6 
Geo-accumulation index (Igeo) of trace metals in river sediments.  

Stations As Se Hg Be Pb Cd Co Cr Cu V Zn Ni Igeo Standard classes [62] 

Class Sediment quality 

South-West A1 − 1.78 1.20 0.14 − 2.00 − 0.82 0.62 − 1.06 0.24 1.38 − 2.59 1.78 0.08 <0 Practically unpolluted 
A2 − 1.34 0.80 0.18 − 1.35 − 0.53 1.02 − 0.76 0.29 2.15 − 2.34 1.55 0.12 0–1 Unpolluted to moderately polluted 
A3 − 1.33 0.29 0.30 − 1.42 − 0.72 0.77 − 0.88 0.37 1.94 − 2.38 1.59 0.22 2–3 Moderately to strongly polluted 

North-West B1 − 2.59 − 2.07 − 1.64 − 3.62 − 3.03 − 3.17 − 2.90 − 1.03 1.19 − 4.60 0.95 − 1.25 3–4 Strongly polluted 
B2 − 2.56 − 4.51 − 1.56 − 3.50 − 2.85 − 2.91 − 2.60 − 1.03 1.37 − 4.32 1.02 − 1.12 4–5 Strongly to extremely polluted 
B3 − 2.17 − 2.56 − 1.52 − 2.85 − 1.47 − 3.91 − 2.11 − 0.89 1.01 − 3.60 1.11 − 0.94 >5 Extremely polluted 

South-East C1 − 1.77 − 0.19 − 0.59 − 1.85 0.19 − 2.68 − 1.19 − 0.09 1.66 − 2.70 1.46 − 0.43   
C2 − 1.67 − 0.24 − 0.37 − 1.44 − 0.78 − 3.17 − 0.88 − 0.05 1.80 − 2.44 1.38 − 0.33   
C3 − 1.57 0.16 − 0.29 − 1.48 − 0.75 − 2.49 − 0.83 − 0.02 1.30 − 2.31 1.50 − 0.23 

North-East D1 − 1.95 − 1.72 − 2.17 − 2.16 − 1.68 − 2.32 − 1.59 − 0.81 1.43 − 3.10 1.20 − 0.84 
D2 − 1.82 0.42 − 1.93 − 1.77 − 0.44 − 3.17 − 1.12 − 0.60 1.04 − 2.69 1.31 − 0.72 
D3 − 1.56 − 0.04 − 1.85 − 1.85 − 1.33 − 2.49 − 1.31 − 0.52 1.38 − 2.70 1.29 − 0.63  
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Table 7 
Potential ecological risk indexes of trace elements in river sediments.  

Stations Ecological Risk for Single Metal E i
r 

RI RI Standard Classes [104] E i
r Standard Classes [7] 

As Hg Pb Cd Cr Cu Zn Ni Value Pollution status Value Ecological risk status 

South-West A1 4.36 66.2 4.24 69 3.53 19.56 5.15 7.94 179.98 RI < 150 Low pollution Er < 40 Low ecological risk 
A2 5.91 68.1 5.18 91 3.67 33.22 4.39 8.16 219.63 150 < RI < 300 Considerable pollution Er ≤ 80 Moderate ecological risk 
A3 5.95 73.9 4.54 77 3.87 28.78 4.53 8.75 207.32 300 < RI < 600 High pollution 80 < Er ≤ 160 Appreciable ecological risk 

North-West B1 2.49 19.2 0.92 5 1.47 17.11 2.91 3.16 52.26 RI ≥ 600 Very high pollution 160 < Er ≤ 320 High ecological risk 
B2 2.55 20.3 1.05 6 1.47 19.45 3.03 3.46 57.3   Er > 320 Serious ecological risk 
B3 3.33 20.9 2.71 3 1.62 15.11 3.24 3.90 53.81     

South-East C1 4.39 39.7 8.55 7 2.82 23.78 4.12 5.59 95.95     
C2 4.70 46.3 4.37 5 2.89 26.11 3.92 5.96 99.24     
C3 5.04 49.2 4.45 8 2.96 18.56 4.24 6.40 98.84     

North-East D1 3.89 13.3 2.35 9 1.71 20.22 3.44 4.19 58.1     
D2 4.24 15.8 5.54 5 1.98 15.44 3.72 4.56 56.28     
D3 5.07 16.7 2.99 8 2.09 19.56 3.66 4.85 62.91      
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Fig. 2. Contamination factor (CF) (a) trace metals in Karnaphuli sediment, (b) trace metals in four different stations of Karnaphuli sediment.  

Fig. 3. Degree of Contamination (Cd) of studied trace metals from all sampling sites of the Karnaphuli river.  

Fig. 4. Pollution load index (PLI) of trace metals from four zones south-eastern drainage area.  
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Fig. 5. Enrichment factor (EF) (a) trace metals in Karnaphuli River sediment, (b) trace metals in four different stations of Karnaphuli 
River sediment. 

Fig. 6. Geoaccumulation Index (a) trace metals in Karnaphuli River sediment, (b) trace metals in four different stations of Karnaphuli 
River sediment. 

Fig. 7. Ecological risk (a) trace metals in Karnaphuli River sediment, (b) trace metals in four different stations of Karnaphuli River sediment.  
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Fig. 8. Risk indexes of trace elements in sediments of Karnaphuli River, Bangladesh.  

Fig. 9. Pearson’s correlation of heavy metals and metalloids in sediment.  

Fig. 10. Principal Component Analysis (PCA) of heavy metals and metalloids in sediment.  
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overall level of toxicity. This provides important information on the level of pollution in the area for decision-makers as well [91]. In 
this study, the PLI values followed the order of south-west (1.38) > south-east (0.96) > north-east (0.72) > north-west (0.41) (Fig. 4 
and Table 4). The value of PLI of the south-west station (1.38) was found to be above 1, indicating that the river is facing progressive 
deterioration (Table 4). 

3.3.2. Enrichment factor (EF) 
EF measures the influence of anthropogenic activities [108]. In this study, the mean EF values of As, Ba, Be, Cd, Co, Cr, Cu, Hg, Ni, 

Pb, Se, Sr, V, and Zn followed the increasing order of V (0.11) < Be (0.21) < As (0.24) < Co (0.33) < Pb (0.42) < Cd (0.44) < Hg (0.53) 
< Ni (0.64) < Cr (0.74) < Se (0.75) < Zn (2.20) < Cu (2.40) (Fig. 5a and Table 5). This study also revealed that the EF of Cr was the 
highest in the south-west zone. The order of EF in four stations is as follows southwest > south-east > north-west > north-east (Fig. 5b). 

Fig. 11. k-means clustering method of heavy metals and metalloids in sediment.  

F. Islam et al.                                                                                                                                                                                                           



Heliyon 9 (2023) e20040

18

3.3.3. Geo-accumulation index (Igeo) 
Igeo evaluates the contamination levels of metals in comparison to background values [109]. The values of Igeo have been used to 

estimate sediment quality [110]. In this experiment, the values of Igeo for trace elements ranged from − 2.98 (V) to 1.47 (Cu). The 
average values of Igeo for each metal decreased as per the following order: Cu (1.47) > Zn (1.35) > Cr (− 0.34) > Ni (− 0.50) > Se 
(− 0.71) > Hg (− 0.94) > Pb (− 1.18) > Co (− 1.44) > As (− 1.84) > Cd (− 1.99) > Be (− 2.10) > V (− 2.98) (Fig. 6a and Table 6). 
According to the classification, the calculated values of Igeo for Co, As, Be, and V in the sediments belonged to class zero, indicating that 
the sediment in all the sites was unpolluted by these metals. The highest value showed for Cu indicating that it belonged to the class 
moderately polluted [111]. showed that the studied area was uncontaminated to moderately contaminated with Pb, Co, Cd, Hg, and 
Zn. The order of Igeo in four stations is as follows south-west > south-east > north-west > north-east (Fig. 6b). 

3.3.4. Potential ecological risk factor (Er) and risk index (RI) 
The ecological risk index identifies the individual ecological threat of each metal and the combined ecological and toxicological 

repercussions of the increased pollution by diving into the ecological risk levels of soil contamination [67]. The average monomial risk 

factor E i
r of metals in sediment samples from the Karnaphuli River was rated in the following order: Hg (37.47) > Cd (24.42) > Cu 

(21.41) > Ni (5.58) > As (4.33) > Pb (3.91) > Zn (3.86) > Cr (2.51) (Fig. 7a and Table 7). All the values of ecological risk for trace 

Fig. 12. (a). The non-carcinogenic risk for adults (Men) along with the different exposure pathways. (b) The non-carcinogenic risk for adults 
(Women) along with the different exposure pathways. 
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metals found below 40 indicate that these metals pose a low risk in the surrounding ecosystem. The order of Er in the four stations is as 
follows: south-west > south-east > north-east > north-west (Fig. 7b). 

The calculated potential ecological risk index (RI) for trace metals in this study is shown in Table 7. Samples from different stations 
followed the order of: south-west (202.31) > south-east (98.01) > north-east (59.10) > north-west (54.46) (Fig. 8). The RI values of the 
south-west (202.31) posed the highest values indicating considerable pollution (RI ≥ 300). The lowest value (54.46) for the north-west 
indicates considerable pollution (RI < 150). 

3.4. Assessment of human health risk 

The human health risk was considered because the river basin’s residents were directly involved in activities such as farming. The 
majority of inhabitants utilized the riverbank sediment for agricultural purposes. As a result, they came into direct contact with the 
sediment. For understanding the undesirable human health impacts linked with environmental hazard exposure, one of the significant 
characterizations and critical techniques is risk assessment [39,112]. The health risks of trace metals for adults (men and women) and 
child were estimated by a deterministic method for three considerable exposure paths, i.e., dermal contact, ingestion, and inhalation, 
using an equation. 

3.4.1. Estimation of chronic daily intake (CDI) 
Tables S6–S9 lists the CDIs of the metals from the sites that were investigated for adults and children. The table demonstrated that 

CDIs were greater in children than in adults via the following pathways, in declining order: ingestion > dermal contact > inhalation. 
The south-west point had the highest CDI value for twelve metals for the targeted groups of participants across all exposure paths of the 
four stations. 

CDI values through the ingestion route of men, women, and child groups of the south-west station have been placed in the following 
downward trend: Zn > Cu > Cr > Ni > V > Pb > Co > As > Se > Be > Cd > Hg (Table S6, S7 and S8). The result revealed that Zn was 
the most consumed and absorbed metal, with 0.00061 mg/kg/day, 0.000657 mg/kg/day, and 0.002847 mg/kg/day through the 
ingestion route for men, women, and child, respectively (Tables S6 and S7, and S8). Children living near the riverbank had higher 
metal content than adults. This is due to the fact that children have an elevated exposure rate and a higher consumption limit based on 
what they weigh than adults [113]. 

3.4.2. Hazard quotient (HQ) and hazard index (HI) assessment (non-carcinogenic risk) 
Average CDI values were used to assess the non-carcinogenic risk. Tables S6, S7, and S8 show the calculated hazard quotient (HQ) 

of trace metals for men, women, and children. The highest HQ value for Cr content via ingestion for men, women and child is 0.76 ×
10− 1, 0.82 × 10− 1, and 3.54 × 10− 1, respectively. As was the most popular dermal contact channel for each age category of people 
(adult: 3.84 × 10− 3 and 4.14 × 10− 3 for men and women, respectively, and Child: 2.52 × 10− 2). In comparison with ingestion and 
dermal pathways, the HQ due to inhalation was much lower, and the risk of trace metals exposure through inhalation is almost 

Fig. 13. The non-carcinogenic risk for children along with the different exposure pathways.  
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negligible when compared to the other two paths. Overall, exposure through different pathways was in the order of ingestion > dermal 
absorption > inhalation. According to the results, the HI values of the south-west zone for adult (men and Women) and child groups 
were organized in the following trend, respectively: Cr > As > Se > Cu > Ni > Pb > V > Hg > Cd > Zn > Be > Co; Cr > As > Cu > Ni >
Pb > V > Hg > Cd > Zn > Se > Be > Co; and Cr > As > Cu > Ni > Pb > V > Hg > Cd > Zn > Se > Be > Co (Fig. 12a, Fig. 12b, and 
Fig. 13; Table S6, S7 and S8). The cumulative results, however, were less than one, suggesting that there were no substantial non- 
carcinogenic risk effects in the research area and that the locals were protected from high risk. 

3.4.3. Carcinogenic risk (CR) evaluation 
The carcinogenic risk (CR) for As, Pb, Cd, Cr, and Ni was presented in Tables S9, S10, and S11. Among the three exposure routes, 

ingestion exposure was the highest for both adults (men and women) and children. Surprisingly, the CRs of various metals for different 
age groups may differ (Table S12, S13 and S14). The average values of total carcinogenic risk (TCR) for each metal in men, women, and 
child groups were organized in the following descending trend, respectively: Ni (0.00018) > Cr (7.8 × 10− 5) > As (1.3 × 10− 5) > Pb 
(8.2 × 10− 6) > Cd (5.1 × 10− 6), Ni (0.00019) > Cr (8.35 × 10− 5) > As (1.39 × 10− 5) > Pb (8.86 × 10− 6) > Cd (5.4 × 10− 6), and Ni 
(0.00083) > Cr (0.00036) > As (6.3 × 10− 5) > Pb (3.8 × 10− 5) > Cd (2.4 × 10− 5). According to Fig. 14a and b, and Fig. 16, children 
have greater CR values than adults. Additionally, children were more strongly affected by higher CR when it comes to Ni (0.001224) 
and Cr (0.000531) through the ingestion route than by any other element [30,114]. also showed that children had higher CR values 
than adults. All As, Cd, Cr, and Ni risk levels were observed to be above 1 × 10− 5, proving that the research area had negative impacts 

Fig. 14. (a) Carcinogenic risk of Adults (Men) along with the different exposure pathways. (b) Carcinogenic risk of Adults (Women) along with the 
different exposure pathways. 
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Fig. 15. (a) Total carcinogenic risk of Adults (Men). (b) Total carcinogenic risk of Adults (Women).  

Fig. 16. Carcinogenic risk of Children along with the different exposure pathways.  
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from CR values in both children and adults (Tables S12, S13, and S14). Total carcinogenic risk (TCR) for men, women and child were 
illustrated in Fig. 15a and b, and Fig. 17. Although, the combined CR value fell inside the 10− 6 to 10− 4 threshold range. 

4. Conclusions 

An investigational study was carried out to analyze trace metal levels in Karnaphuli, a natural drainage system in Bangladesh’s 
south-eastern region. The findings of the present study revealed evidence of trace metal contamination. Except for Se, Cr, Cu, Zn, and 
Ni, the average concentrations of the majority of the trace elements in the sediment were lower than the shale values. All the computed 
Igeo values for As, Be, Pb, Co, and V were assigned to class zero, revealing that none of the sites were contaminated with As, Be, Pb, Co, 
or V. The average ecological risk factors of metals in sediment samples of the Karnaphuli River were ranked in the following order: Hg 
(37.47) > Cd (24.42) > Cu (21.41) > Ni (5.58) > As (4.33) > Zn (3.86) > Pb (3.91) > Cr (2.51). Most of the time, Cd readings obtained 
in this study suggested that the analyzed stations had a significant degree of contamination because of Cu and Zn concentrations. 
According to the CF, Cd, PLI, and RI values, there is considerable sediment contamination in the studied area. Industrial wastewater, 
which is found in the textile industries in the area under study, is one of the main potential sources of trace metals. Ingestion > dermal 
contact > inhalation are generally the three exposure modes that pose the most non-carcinogenic health concerns. For the targeted 
populations through all exposure routes, Zn showed a substantially higher CDI value among the metals. According to the findings of 
this study, the investigated area continues to encounter high levels of trace metal pollutants from diverse sources, and if their con-
centrations stay elevated, their toxicity will rise as well, disrupting every link in the food chain in the ecosystem. Last but not least, to 
protect public health, point sources of trace metals should be constantly observed, unlawful industrial effluent and domestic sewage 
discharge should be reduced, and effluent should be processed before being discharged into the Karnaphuli River. It can assist in 
identifying places that require cleaning and ensuring compliance with rules and regulations. 
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