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Abstract
The coastal zone of Bangladesh, with a population density of 1278 people per square kilometer, is under serious threat due to 
heavy metal pollution. To date, many studies have been conducted on the heavy metal contamination in soils, water, aquatic 
animals, and plants in the coastal zone of Bangladesh; however, the available information is dispersed. In this study, previous 
findings on the contamination levels, distributions, risks, and sources of heavy metals in sediments and organisms were 
summarized for the first time to present the overall status of heavy metal pollution along coastal regions. Earlier research 
found that the concentrations of various heavy metals (HMs), particularly Co, Cd, Pb, Cu, Cr, Mn, Fe, and Ni in water, 
sediment, and fish in most coastal locations, were above their permissible limits. High concentrations of HMs were observed 
in sediments and water, like Cr of 55 mg/kg and 86.93 mg/l in the ship-breaking areas and Karnaphuli River, respectively, in 
coastal regions of Bangladesh. Heavy metals severely contaminated the Karnaphuli River estuary and ship-breaking area on 
the Sitakundu coast, where sediments were the ultimate sink of high concentrations of metals. Sedentary or bottom-dwelling 
organisms like gastropods and shrimp had higher levels of heavy metals than other organisms. As a result, the modified 
PRISMA review method was used to look at the critical research gap about heavy metal pollution in Bangladesh’s coastal 
areas by analyzing the current research trends and bottlenecks.
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Introduction

Heavy metals (HMs) are inorganic contaminants found 
worldwide (Ray et al. 2013; Rahman et al. 2015; Elsagh, 
2019, 2021; Rakib et al. 2021a; Islam et al. 2021a). Heavy 
metal (HM) contamination in soil and marine ecosystems is 
becoming a growing global environmental concern (Sharma 
et al. 2020). Since most of the HMs are non-biodegradable 
and have a long residence time in the food chain and marine 
biota, they constitute a risk to the environmental matrices 
and human health (Ametepey et al. 2018; Islam et al. 2020). 
Some soluble forms of HMs are particularly toxic, and their 

accumulation in natural systems is extremely hazardous, 
even at low concentrations (Adeniyi and Afolabi, 2002). 
The coastal zone covers 47,201  km2, 32% of the total land 
mass of Bangladesh, where 37 to 38 million people live 
(Fig. 1) (Islam 2004; Sarwar 2005). Bangladesh’s coastline 
is noted as a zone of vulnerability and a potential sink of 
unknown resources (Khan et al. 2017; Islam et al. 2021b). 
Consequently, HMs in the coastal environment can harm 
aquatic creatures, and their widespread bioavailability can 
lead to bioaccumulation in the food chain, which can also be 
harmful to human health.

The Bay of Bengal’s coastal area is affected by tidal 
uncertainties in water levels up to 150 km from the coast. With 
a population density of 1278 people per square kilometer, 
Bangladesh is one of the world’s most heavily populated 
countries. Chemical pollution is considered a potential threat 
to harm biodiversity and risk to the aquatic biota of the Bay 
of Bengal’s environment (Rakib et al. 2022, 2021a; Rakib 
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et al. 2021f; Rahman et al. 2021; Siddique et al. 2021). In 
almost all of the Bay of Bengal’s coastal countries, a large 
portion of the pollutants come from major rivers and minor 
sources. Furthermore, sewage significantly influences the 
Bay of Bengal coastal waterways (Rakib et al. 2022, 2021b; 
Sarma et al. 2020), which is intensified by the low economy 
of coastal states. Due to cheap and facile settlements, coastal 
businesses appear to discharge waste directly into rivers, 
estuaries, and the sea with negligible or no treatment. The 
countries of Bay of Bengal basin strive diligently to conserve 
the river estuary and the sea. Helmer and Hespanhol (1997) 

proposed worldwide rules for eliminating oil and garbage from 
aquatic areas and scientifically validated fishing guidelines. 
In Bangladesh, cyclones, storm surges, floods, erosion, soil 
salinity, and other severe natural disasters are common. 
Therefore, Karnaphuli, Sangu, Matamuhuri, Bakkhali, 
Naf, Payra, Pasur, and Rupsha are the major polluted rivers 
and lakes of Bangladesh (Siddiquee et al. 2012; Shil et al. 
2017; Sabbir et al. 2018; Hossain et al. 2019; Proshad et al. 
2019; Uddin et al. 2020).

HMs can be found in trace amounts in the natural envi-
ronment, but anthropogenic stressors can increase their 

Fig. 1  Map showing the 
study area (coastal regions of 
Bangladesh). This figure is 
modified from the Bangladesh 
gazette–derived online archive 
with prior permission only for 
research purposes
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concentrations (Sultan and Shazili, 2010; Tchounwou et al. 
2012; Gautam et al. 2014; Outa et al. 2020; Longo et al. 
2013; Kabir et al. 2021). Marine ecosystems are natural 
hotspots for HM pollution, which can have significant envi-
ronmental consequences due to bio-magnification in food 
chains (Mishra et al. 2019). Toxic HMs are present in sub-
stantial concentrations in effluents discharged onto the Bang-
ladesh shore, posing environmental risks (National Research 
Council, 2001; Aghadadashi et al. 2019; Uddin et al. 2015; 
Chen et al. 2005). Because of their widespread use in indus-
trial applications, HMs have recently become ubiquitous in 
every environmental component of Bangladesh (Sarker et al. 
2021). Industrial waste dumped into rivers contributes to 
river pollution, creating havoc on the marine environment 
and causing ecological imbalances, ultimately threatening 
the food chain (Ametepey et al. 2018). HMs are discharged 
into coastal water by various activities, including fertiliz-
ers, pulp and paper, metal, cement, pharmaceuticals, food 
processing, chemical, textile, petroleum, lubricant factories, 
and many others (Rahman 2006; Rashid et al. 2015; Aktar 
and Moonajilin, 2017; Sarma et al. 2020). Additional pol-
lution sources include gas production plants, shipbreaking 
yards, and untreated trash from the port, metropolis, and 
neighboring businesses. Regrettably, tannery, textile, min-
ing, electroplating, dyeing, photography, printing, and phar-
maceutical effluents are released directly into Bangladeshi 
rivers (Baki et al. 2018; Bakshi and Panigrahi 2022).

According to Rashid et al. (2015), the Bay of Bengal and 
the Karnaphuli River are extremely polluted near the Chit-
tagong Port channel due to the discharge of oil and chemical 
waste from ships. The most prevalent types of litter seen in 
coastal waters are plastic bottles and other disposable mate-
rials (Rakib et al. 2021a; 2022). According to the previ-
ous study, the rapid and uncontrolled expansion of shrimp 
farming has become a major source of concern. The use of 
antibiotics and other chemicals in shrimp farms pollutes the 
water and harms other aquatic life. Annually, 620 tons of 
urea is used in shrimp farming in Cox’s Bazar. Therefore, 
water pollution in Bangladeshi rivers has been the subject 
of numerous research works. It also produces 15 tons of 
garbage per day, which ends up in the marine ecosystems 
(Rahman 2006). Das et al. (2002) determined the quantities 
of various trace metals (Cr, Mn, Zn, Ni, Cu, Pb, and Fe) 
in water from the Karnaphuli River estuary and concluded 
that the estuary had been polluted by sewage from domestic 
sources, land washout, river runoff, and unplanned maritime 
activities. Sharif et al. (1994) report that higher concentra-
tions of radioactive trace elements in river sediment could 
be caused by people putting phosphate fertilizer from nearby 
agricultural lands and wastes into the estuarine zone.

In Bangladesh, coastal factories discharge wastewater 
directly into the sea without treatment, causing significant 
harm to marine ecology and aquatic life, as well as the 

health of coastal residents exposed to this environment for 
an extended period (Khan et al. 2017; Sarker et al. 2021) 
(Fig. 1).

The anomalous values of physical and chemical param-
eters reveal their impact more clearly (Ametepey et al. 2018; 
Vajravelu et al. 2018). Due to this process, fish, crustaceans, 
and other aquatic biota in polluted coastal waters become 
contaminated. Consumption of marine fish and other seafood 
from such waters poses long-term harm to human health. 
Around five million people work in the commercial fishing 
industry along the coast. Fish and crustaceans are the pri-
mary protein sources and a source of revenue or livelihood 
for coastal inhabitants (Rehman et al. 2018). Organs, such as 
the kidneys, liver, lungs, brain, and bones, can be damaged 
by chronic HM exposure (Tchounwou et al. 2012; Rehman 
et al. 2018). Although there have been a few attempts at 
documenting HM research in Bangladesh’s coastal area, no 
critical and thorough compilation of such studies has been 
done. Therefore, this study performs a comprehensive lit-
erature analysis in order to systematically assess the HM 
contamination scenario in Bangladesh, with an emphasis on 
coastal water, sediment, fish, macrophytes, HM pollution, 
and their effects on the coastal environment.

Methodology

A detailed assessment of previously published research and 
review papers on HM contamination, including books and 
university theses, was gathered through critical and exhaus-
tive library compilation. The investigations focused on sev-
eral elements of HM contamination and their pathways in 
the atmosphere, sediment, water, soil, and their health effects 
on living creatures. The search terms included “Heavy met-
als in sediments,” “Heavy metals exposure,” “Heavy met-
als in coastal water of Bangladesh,” “Trace elements in 
water,” “Heavy metals transport in sediments,” “Heavy 
metals in river sediment,” “Heavy metals from industrial 
processes in Bangladesh,” “Heavy metal contamination in 
fishes,” “Heavy metals in food,” “Pathways of heavy metals,” 
“Heavy metals in the food chain,” “Heavy metals remedia-
tion,” and “Heavy metal effects on human health.” A total of 
219 research publications on HMs and their exposure-related 
studies were gathered through this method from internation-
ally recognized sources, such as Science Direct, Web of Sci-
ence, Scopus, Springer, Bangladesh Journals Online (Bangla 
JOL), and other national libraries, such as the Environment 
and Social Development Organization, Bangladesh Bureau 
of Statistics, Ministry of Environment, Forest and Climate 
Change, and World Health Organization (WHO).

For extracting the existing findings and study gaps on HM 
pollution in coastal Bangladesh, a particular accept-delete 
technique following the chronology of critical review (e.g., 
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PRISMA) was used (Moher et al. 2009). After the associated 
abstracts were sorted out, full-text articles or reports were 
examined to identify fully or partially connected research to 
the study’s aims through skimming and spotting. Figure 2 
shows the features of peer-reviewed articles, including 
the number of studies and their methodology. After that, 
research that did not match the current study’s goal was 
eliminated, leaving the most suitable studies for the current 
review. The objectives of selected studies were categorized. 
Figure 2 depicts an overview of the literature selection pro-
cess. Finally, the findings were then processed and analyzed 
using the trans-technique to compare HM concentrations 
from various sources.

Heavy metal sources in the coastal areas

Natural and anthropogenic sources of HMs in the environ-
ment are significant factors. Natural sources that contribute 
to the HM contamination in the surrounding sinks include 
volcanoes, mineral degradation, forest fires, and evaporation 
from soil and water surfaces (Fig. 3). In contrast, much of 
the country is flooded during the monsoon season; severe 

floods occur when rivers rise above their normal levels; 
tropical storms (hurricanes) and storm surges; droughts; 
riverbank erosion; earthquakes; and maybe tsunamis are all 
possible sources of HM accumulation in the environment 
(Parvin et al. 2016; Alam, 2019; Rakib et al. 2021c; Ali 
et al. 2021, 2022). As opposed to natural sources, anthro-
pogenic sources are widely regarded as the primary causes 
of increasing HM contamination. Anthropogenic sources 
can be classified into two categories: (1) releases from the 
intentional extraction and use of HMs, such as HM min-
ing, leather production, electroplating production, and the 
manufacture of HM-containing products, and (2) releases 
from waste incineration, landfills, and other metallurgical 
activities.

Current scenario of HM levels in different 
ecosystem components of Bangladesh

HM contamination in sediments

Riverine ecosystems comprise diverse habitats and cir-
cumstances, and sediment is a significant and dynamic 

Fig. 2  PRISMA flow diagram 
indicating the articles collec-
tion, screening, exclusion, and 
inclusion process
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component. Sediments are frequently used to assess envi-
ronmental and geochemical contamination levels (Ulu-
turhan et al. 2011; Islam and Habibullah-Al-Mamun, 2017;  
Mohiuddin et al. 2016; Islam et al. 2015b). HMs are pre-
sent in sediment in a variety of chemical configurations and 
undergo major speciation changes as they transit through the 
river system due to dissolution, precipitation, sorption, and 
complicated activities (Mohiuddin et al. 2012; Islam et al. 
2018a, b, c). As metals accumulate in bottom deposits, HM 
concentrations in sediment are substantially higher than in 
the water column (He et al. 2009; Sultan and Shazili, 2009; 
Nobi et al. 2010; Rezayi et al. 2011; Saha and Hossain, 
2011; Hossain et al. 2021). Liquid effluent disposal, traffic 
emissions, terrestrial runoff, brick kilns, and leachates car-
rying chemicals from a variety of urban, industrial, and agri-
cultural activities can all contaminate sediments in riverine 
ecosystems (Ahmad et al. 2010; Chen et al. 2012; Shikazono 
et al. 2012; Myers et al. 2013; Mohiuddin et al. 2015; Varol 
and Şen 2012).

Municipal wastes, industrial effluents, chemical fertiliz-
ers, and pesticides are all major sources of HMs in sedi-
ment (Chen et al. 2005), and river water is also a source 
of sediment contamination. Coastal farming pollution from 
HMs and metalloids can significantly influence food safety 
and human health (Martin and Griswold 2009; Islam et al. 

2018c; Wang et al. 2019). Untreated industrial effluents 
directly incorporate HMs and metalloids into neighbor-
ing water and sediment in coastal locations (Rahman et al. 
2012). Several investigations on farmland near the coastline 
area industrial zone revealed an increase in contaminated 
sewage water (Singh et al. 2004; Rahman et al. 2012; Has-
nine et al. 2017).

Table 1 depicts various HM concentration in coastal sedi-
ment of Bangladesh. In some coastal areas of Bangladesh, 
mining significantly impacts soil due to HMs. Coal, coal ash, 
and coal-fired boilers have substantial environmental conse-
quences (Habib et al. 2019). Other important sources of sed-
iment HM pollution in Bangladesh have also been identified. 
HMs are released in considerable quantities by industrial 
and urban effluents, resulting in high levels of HMs in sedi-
ment and water. Cadmium contamination was discovered 
in sediment from Chittagong and Bogra, owing to rampant 
industrialization and urbanization in recent decades (Begum 
et al. 2014; Martín et al. 2015; Alamgir et al. 2015). Large 
concentrations of chromium, copper, nickel, zinc, arsenic, 
cadmium, lead and cadmium  were detected in some pol-
luted coastal areas of Bangladesh (Raknuzzaman et al. 2016) 
as compared to Kutubdia Island, Cox’s Bazar Chittagong, 
where chromium concentrations were not detected (Doulah 
et al. 2017), while the ship-breaking area of Bangladesh in 

Fig. 3  Sources of HMs in coastal area
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Chittagong recorded values of 55.064 mg/kg (Barua et al. 
2017). Meghna River Delta and Dakatia River in Chand-
pur had Pb values greater than the permissible limit by the 
World Health Organization (Hasan et al. 2015; Bibi et al. 
2006; Bhuyan et al. 2016). Therefore, human health implica-
tions subsist from continuous consumption of crops, water, 
and fishery consumptions from the area.

Heavy metals in coastal water of Bangladesh

HM contamination in sediments and water columns 
deteriorates water quality in developing countries like 
Bangladesh (Rakib et al. 2021d; Islam et al. 2021a, b, c; Ali 
et al. 2016; Kibria et al. 2016; Islam et al. 2015a, b; Ali et al. 
2016; Kibria et al. 2016; Islam et al. 2015a, b; Khadseet 
al. 2008; Venugopal et al. 2009; Khadseet al. 2008). HMs 
have been identified at alarming levels in rivers, estuaries, 
seawater, and lakes in the previous decades, as shown in 
Table 2 (Majid et al. 2003; Begum et al. 2005; Fernandes 
et al. 2008; Hasan et al. 2015; Uddin et al. 2019).

 Fe concentration in the Karrnaphuli River was 
0.18 mg/l, which is below the allowed limit. Hasan et al. 
(2015) discovered Fe concentrations in the Dakatia river in 
Chandpur within the standard specification. Hossain et al. 
(2017a) determined significant concentrations in Chittagong 
City. The level of Pb found in the Kalurghat Industrial Area 
of Chittagong (0.194 mg/kg) was above the WHO (1993) 
and EU (1998) detection limits (Majid et al. 2003).  The 
Karnaphuli River had high levels of 15.2 mg/l (Uddin et al. 
2020). In the Kalurghat Industrial Area of Chittagong, the 
content of Cr (0.23 mg/l) was found to be much over the 
WHO (1993) and EU (1998) limits (0.05 mg/kg) (Majid 
et al. 2003). Lower Cr values were found by Hasan et al. 
(2015) and Shil et al. (2017). Ali et al. (2016) observed 
that the Karnaphuli River in Chittagong had greater Cr 
concentrations in the summer (69.56 mg/l) than in the winter 
(86.93 mg/l).

In the Rupsha and Pasur Rivers, cobalt concentrations 
were less than 0.1 mg/l (Samad et al. 2015; Sabbir et al. 
2018; Shil et  al. 2017). Co is good for health at lower 
concentrations but causes lung and heart problems and 
dermatitis by exposure to higher levels (ATSDR 2004). 
The Mn content in textile industry effluents in Chittagong 
was found (0.661 mg/l) (Ahmed and Nizamuddin, 2012), 
which was within the EU’s permissible limit of 0.03 mg/l 
(Karim et al. 2018).  The level of Ni discovered (0.3 mg/l) 
in the Meghna River in Chittagong (Bhuyan et al. 2017) 
surpassed the WHO (1993) and the EU (1998) permitted 
limit (0.02 mg/l).  Ahmed and Nizamuddin (2012) found 
a Zn content of (3.315 mg/l), but Uddin et al. 2019 and 
Hasan et al. (2015) found values much below the WHO 
permitted limits of 3 mg/l in the Karnaphuli and Dakatia 
Rivers (1993). Cu concentrations (0.033  mg/l) were 

observed in the Dakatia River in Chandpur (Hasan et al. 
2015), which are significantly below the WHO (1993) and 
EU (1998) acceptable limits (2.0 mg/kg). This concentration 
was substantially lower than Majid et al. (2003) found in 
Chittagong’s Kalurghat Industrial Area.

Heavy metals in fishes of Bangladesh

Cadmium, lead, and other harmful metals can bio-accumu-
late and bio-magnify in seafood and then be passed on to 
mammals via the food chain (Islam et al. 2014; Martín et al. 
2015; Chakraborty et al. 2016; Islam et al. 2015a, b; Ahmed 
et al. 2015). Ingestion of infected foods contaminated by 
chemical and microbiological risks causes man-made food-
borne illnesses (Rahmani et al. 2018).

Fish and fishery products are an important part of a 
balanced diet (Galimberti et  al. 2016). They comprise 
several key nutrients, such as omega 3 fatty acids, and are 
low in saturated fat and a cheap source of animal protein in 
developing countries (Miri et al. 2017; Fakhri et al. 2018). 
Bangladesh’s beaches are potential hotspots for various 
biological species and economic trends, with rural residents 
engaging in commercial fishing activities. Since fish is the 
Bangladeshi people’s primary source of animal protein, 
HMs present in the aquatic diet have become the major 
contaminant of this region, as various HM contamination 
summarized in Table 3. Owing to the rapid invasion of 
HMs into the aquatic environment by anthropogenic 
activities, industrial wastes, and metal effluent discharge, 
HMs have become the major  contaminants in aquatic 
diets (Li et al. 2015). Untreated industrial wastes, unused 
battery particles, painting materials generated from Pb 
sources, gasoline from cargos, launch-steamer, motorized 
boat transportation routes, and improper home discharged 
wastes contribute to many HMs on the coast. Consumption 
of aquatic foods polluted with toxic chemicals poses major 
health complications around the globe (Gan et al. 2017; 
Liang et al. 2018). Thus, chemical contamination in food 
has long been regarded as one of the most serious threats to 
human health (Martin and Griswold 2009; Machado et al. 
2017).

HMs enter the aquatic environment via natural and 
anthropogenic sources, posing major hazards to aquatic 
biota and humans (Saha et al. 2016a, 2016b; Fakhri et al. 
2018). Absorption of particulate material particles in sedi-
ment–water interactions, ingestion of feed, ion exchange 
transversely into lipophilic tissues, and adsorption on tissue 
and skin surfaces are all ways that fish amass large levels of 
harmful metals (Ahmed et al. 2016). Metals absorbed in fish 
are transported to humans via the food chain and deposited 
in various tissues and vital organs (He et al. 2009; Fang et al. 
2014; Chakraborty et al. 2016). Many food safety studies 
have been linked to the risk of consuming HM-contaminated 
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foods (Saha and Zaman, 2013; Patra et al. 2019), particularly 
concerning metal accumulation in fish (Traina et al. 2019; 
Erdorul and Ateş, 2006). Thus, it is critical to comprehend 
the source of the potential human health risk associated with 
the ingestion of popular fish species in Bangladesh.

The presence of metal concentrations in fish implies envi-
ronmental contamination that threatens human health. Table 3 
shows the concentrations of HMs in several fish species. 
From the Karnaphuli River in Chittagong (Jolly et al. 2019), 
HM hierarchy in Otolithoides pama was Fe > Zn > Mn > Cr, 
but the same species reported Fe > Cr > Cu > Pb > Ni from 
four fish markets in Chittagong (Jolly et al. 2019; Jothi et al. 
2018). Scylla serrata was found to have a mean concentration 
of Cu, 58.12 mg/kg in the Chaktai Khal of the Karnaphuli 
River estuary (Sultana et al. 2015), which was greater than 
the Bangladesh food safety guideline and beyond the interna-
tional food safety guideline values. Meretrix lyrata recorded 
1819.96 mg/kg from the same research region in the same 
way. Copper is essential for optimal health, especially in the 
synthesis of hemoglobin and several essential enzymes; nev-
ertheless, excessive Cu intake might affect liver and kidney 
function (Baki et al. 2018).

In comparison to the research of Ahmed et al. (2019b) from 
the Meghna River estuary, Sultana et al. (2015) revealed that 
the Cu contents in the Karnaphuli River estuary were higher. 
According to FSANZ (2008), the maximum permissible 
limit (MPL) of lead impurities in fish is 0.5 mg/kg. Mean Pb 
concentrations of 3.79 mg/kg in S. serrata were above the safety 
recommendations, although another species (i.e., O. pama) 
had lower values than the international guidelines. Islam et al. 
(2013) studied some selected fish species from the Karnaphuli 
River and reported decreasing trends for Pb concentration: 
Gonialosa manmina (7.707 mg/kg) > Rita rita (2.861 mg/
kg) > Apocrptes bato (1.843  mg/kg) > Pellonaditchela 
(1.094 mg/kg) > Otolithoides pama (0.886 mg/kg), as shown 
in Table 3. The highest Pb concentration level (7.707 mg/kg) 
was found in G. manmina, while the lowest Pb concentration 
level (0.886 mg/kg) was found in O. pama. The average Pb 
concentration of several species was greater than the Turkish 
Food Codes (TFC 2002) and Ministry of Food and Livestock 
(MOFL 2014) permitted values. The mean concentration 
was similar to that reported by Ahmed et al. (2019b) in the 
Meghna River estuary, where the highest Pb concentration was 
4.63 mg/kg for L. calcarifer (Table 3). The majority of the fish 
sampled from the Karnaphuli River had Pb levels of less than 
12.70 mg/kg (Ahmed et al. 2019a).

Otolithoides pama, Harpadon nehereus,  and 
Coiliaramcarati were collected from four fish markets in 
Chittagong and recorded Cr concentrations of 4.71 mg/
kg, 3.75  mg/kg, and 12.61  mg/kg, respectively (Jothi 
et  al. 2018). The whole species were higher than the 
guideline value of 1.0 mg/kg set by MOFL (2014) and the 
recommended value of 0.15 mg/kg set by FAO (1984). These 

fish species exceed the recommendations and can damage 
the liver and kidney (ATSDR, 2004). Results of Jothi et al. 
(2018) were higher than that of Sumon et al. (2013), where 
all the fish species sampled from the Karnaphuli River 
recorded Cr values < 1 mg/kg except in Cerithidea cingulata 
(4.27 mg/kg), as shown in Table 3. Chromium (Cr) has 
a dynamic role in lipid and glucose metabolism when 
present in the diet (Saha et al. 2016a, b; Velusamy et al. 
2014). However, Cr overdose can lead to acute respiratory 
problems (Ahmed et al. 2016) and damage the liver, lungs, 
and kidneys (Alipour et  al. 2015). The differences in 
bioaccumulation capacity, element extraction, concentration, 
and accumulation time from point and non-point sources 
could explain the variation in HM concentrations in fish 
species (Zhonget al. 2018). The number of HMs in a fish’s 
body is also influenced by the habitat, metabolic capacity, 
and dietary patterns (Singh et al. 2007).

Heavy metals in plants

Long-term deposition of HMs in soils results in higher accu-
mulation of metals in plants due to sediment-plant direct 
interactions. Only two studies have been conducted so far 
on the concentration of metals in 11 plant species (Hos-
sain et al. 2020; Rakib et al. 2021f ). Of the plant species, 
saltmarsh species had higher levels of metals than seaweed 
species (Table 4), and saltmarsh species collected from ship-
breaking areas (Sitakundu coast) reflected a higher concen-
tration of HMs. Pb and Fe concentrations were found to be 
higher than the sediment quality guideline. Similar results 
were reported by Shammi et al. (2021) for Fe, Mn, Zn, Co, 
Cu, Pb, etc. in plant leaves, observed in suburban industrial 
regions of Dhaka, Bangladesh. Therefore, there is a need to 
closely monitor the great danger posed by the bioaccumula-
tion of these HMs in plants via contaminated sediments.

Heavy metals and health implications

Metals like Fe, Cu, Pb, Zn, Ni, Co, Cr, and Mn are all natu-
rally occurring elements. Low concentrations of these met-
als have no discernible effect on the human body. Despite 
this, large quantities of these metals in the food chain pose a 
health risk to humans. Intake (drinking or eating) or inhala-
tion (breathing) are the most common ways in which humans 
are exposed to these metals (National Research Council, 
2001; Martin and Griswold 2009). These HMs are primar-
ily accumulated in the bodies of plants and fish. Ingestion of 
HMs, including dietary items, has long-term consequences 
for human organs. Memory loss, drowsiness, stomach dis-
comfort, elevated blood cholesterol levels, tube dysfunction, 
endometrial cancer, musculoskeletal issues, and other disor-
ders affect people (Fig. 4).
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Remediation of HM contaminations

This study shows that the absence of contamination is 
prevalent in the area, types, and degree of contamination 
in water, sediment, and fish. Indeed, HM contamination in 
Bangladesh’s soil, water, sediment, and fisheries from the 
ongoing anthropogenic activities is a serious environmen-
tal issue worldwide (Bhuyan and Islam 2017). This raises a 
slew of difficulties for the global ecology and human health. 
Metal accumulation assessments in various fish species are 
required to understand the probability of metal transmis-
sion to the human body (Gu et al. 2015; Nor Hasyimah 
et al. 2011). Studying human health risk indices can guide 
responsible environmental stakeholders in making deci-
sions and acting. These alone may not be enough to alienate 
the pollution of the ecosystem. Human health risks can be 
averted through remediation and control of possible pollu-
tion routes. Therefore, as HMs and human health risks keep 
on increasing in the Bangladesh coastal environments and 
their capacity of accumulating in the tissues or organs of 
living species over many years, specialists in the ongoing 
years have used plants and microorganisms for bioremedia-
tion in contaminated environmental sites (Lim et al. 2008; 
Rakib et al. 2021e; Ibañez et al. 2016). Plants have the natu-
ral capacity to decontaminate inorganic and organic pollut-
ants; genetically modified species have been developed to 
carefully decontaminate polluted sites (Macek et al. 2008; 
Novakova et al. 2009).

Metabolomics has been applied in the ecotoxicology field 
to identify and describe the interactions of organisms with 
their environment (Viant, 2008; Samuelsson and Larsson, 
2008). Hines et al. (2007) showed that direct field sampling 

is better for environmental metabolomics because it can 
minimize metabolic variability and observe stress-induced 
phenotypic changes that could be masked by stabilizing the 
organism in laboratory conditions. Omics technologies have 
been used to better understand the relationship between bio-
markers, pollutants, and their adverse effects (Garcia-Reyero 
and Perkins 2011).

Nanoremediation seems to be a promising pollution con-
trol and management technique (El-Ramady et al. 2017). It 
allows for remediation in deeper soils and sediments, making 
it well-suited to other methods like bioremediation and serv-
ing as a growing decontamination tool (Huang et al. 2016). 
In polycyclic aromatic hydrocarbon (PAH) decontamination, 
nanoremediation has been investigated to improve restora-
tive sites in real field conditions/settings (Kuppusamy et al. 
2017). The method might be used to decontaminate HMs, 
and using green nanotechnology in Bangladesh’s contami-
nated environment could completely identify contaminants 
and transform them into non-toxic forms. Green nanoreme-
diation is the combination of phytoremediation with nano-
particles (Shalaby et al. 2016; Martínez-Fernández et al. 
2017), microorganisms (Patil et al. 2016; Davis et al. 2017), 
or zoonoremediation (Belal and El-Ramady, 2016; Patil 
et al. 2016; Davis et al. 2017).

Challenges and perspectives

In Bangladesh, HM contamination is attracting serious atten-
tion in the field of environmental pollution. The contamina-
tion pathways of HMs in sediment, water, fish, and plants, on 
the other hand, are still poorly understood and will require 

Fig. 4  Pathway of heavy metals’ transformation to human body and its effect
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greater focus in the future. Contamination methods must 
be thoroughly studied to detect the load of toxic substances 
that can enter our diet and become biomagnified. Physi-
ological, genetic, and biotechnological techniques based on 
sediment, water, fish, and plant treatments can help organ-
isms and genes tolerate HM consumption more effectively. 
Even though ambient surroundings contain a combination 
of pollutants, current techniques are mostly focused on a 
single pollutant. The long-term remediation of HM con-
tamination in Bangladesh is a major concern. Integration of 
advanced remedial methodologies is still in its early stages 
of research. Yadav et al. (2017) found that certain proteins 
and natural chelators are overproduced in transgenic plant 
cells. This means that foreign genes can be inserted into 
plant genomes to help plants adapt to high HM concentra-
tions and hyper-accumulators.

The careful combination of bioremediation and nanore-
mediation techniques is one of the most promising choices 
for removing chemical and biological contaminants, along 
with HMs, from wastewater or coastal waters. Future devel-
opment and full-scale implementation of these remedial 
approaches HMs, confront numerous hurdles, necessitating 
further comprehensive research. Intensive field studies with 
process optimization and improvements in the suitability of 
materials/methods in specific environments must be carried 
out effectively to reduce HM contamination in the food chain 
and ensure sustainability and broad applicability for future 
generations and resources.

Conclusions and recommendations

The prevalence of HMs in Bangladesh’s coastal areas and 
the associated risks posed to human and ecosystem health 
were critically reviewed in this review work. Based on the 
comprehensive review results, it is apparent that the coastal 
ecosystems of Bangladesh are becoming severely polluted 
due to high accumulation of metals in water, sediment, fish, 
and plants, along with associated public and ecological health 
threats. The Karnaphuli estuary is the most polluted habitat 
on the Bangladesh coast, and soils are extensively polluted 
with metals serving as the ultimate sinks. The analyses of 
some previous findings also demonstrated the high carcino-
genic and non-carcinogenic risks that HM pollution poses to 
the public, especially children. Though surface water and soil 
parent materials and erosions contribute less than anthropo-
genic sources. Primary sources for HMs in soils were waste-
water, hazardous solid wastes, and agricultural inputs. Vari-
ous innovative remediation strategies have already been used 
to minimize HMs contamination in the Bangladeshi environ-
ment. However, there is currently a lack of sustainable and 
modern HM abatement solutions. The following recommen-
dations should be implemented: a unified maximum tolerable 

limit (MTL); regular monitoring of HM-contaminated water, 
sediments, and soils; integrated policy implications for effec-
tive management of polluted sites; and synchronization of 
global abatement strategies for long-term HMs remediation 
toward environmental sustainability. The current issues in 
Bangladesh and the potential for increased HMs pollution 
in the coastal region call for a thorough review in the future, 
based on the sustainable strategy that has been suggested.

Acknowledgements All authors are grateful to Department of Fisher-
ies and Marine Science, Faculty of Science, Noakhali Science and 
Technology University, Noakhali, Bangladesh.

Authors contribution M.R.J.R: Conceptualization, methodology, visu-
alization, investigation, data curation, supervision,writing original draft 
preparation, review and editing.

M.A.R; A. P.O: Methodology, Visualization, Investigation, Data 
curation.

R.K.: Writing-review and editing. A. S., M.B.H., A. R. M. T.I., M. 
S. I., M. M. R., Y. N. J., A. M. I., M.M.A., M.B., X.S: Writing-review 
and editing.

Funding The authors express their gratitude to Research Center of 
Advanced Materials, King Khalid University, Saudi Arabia, for support 
(award number KKU/RCAMS/22). 

Data availability Data sharing is not applicable to this article as no 
datasets were generated or analyzed during the current study.

Declarations 

Ethics approval and consent to participate Not applicable.

Consent for publication Not applicable.

Competing interests The authors declare no competing interests.

References

Adeniyi AA, Afolabi JA (2002) Determination of total petroleum 
hydrocarbons and heavy metals in soils within the vicinity of 
facilities handling refined petroleum products in Lagos metropo-
lis. Environ Int 28(1–2):79–82

Aghadadashi V, Neyestani MR, Mehdinia A, Bakhtiari AR, Molaei S, 
Farhangi M, Gerivani H (2019) Spatial distribution and vertical 
profile of heavy metals in marine sediments around Iran’s special 
economic energy zone; arsenic as an enriched contaminant. Mar 
Pollut Bull 138:437–450

Ahmad MK, Islam S, Rahman S, Haque M, Islam MM (2010) Heavy 
metals in water, sediment and some fishes of Buriganga River 
Bangladesh. J Environ 4:321–332

Ahmed MJ, Nizamuddin M (2012) Physicochemical assessment 
of textile effluents in Chittagong Region of Bangladesh and 
their possible effects on environment. Int J Res Chem Environ 
2(3):220–230

Ahmed MJ, Uddin MN, Islam MN, Islam MS, Islam MF (2013) Phys-
icochemical assessment of soil pollutants due to ship breaking 
activities and its impact on the coastal zone of Chittagong, Bang-
ladesh. Eur Chem Bull 2(12):975–80

67552 Environmental Science and Pollution Research  (2022) 29:67532–67558

1 3



Ahmed MK, Baki MA, Islam MS, Kundu GK, Habibullah-Al-Mamun 
M, Sarkar SK, Hossain MM (2015) Human health risk assess-
ment of heavy metals in tropical fish and shellfish collected 
from the river Buriganga Bangladesh. Environ Sci Pollut Res 
22(20):15880–15890

Ahmed MK, Baki MA, Kundu GK, Islam MS, Islam MM, Hossain 
MM (2016) Human health risks from heavy metals in fish of 
Buriganga river Bangladesh. Springerplus 5(1):1–12

Ahmed AS, Rahman M, Sultana S, Babu SOF and Sarker MSI (2019a) 
Bioaccumulation and heavy metal concentration in tissues of 
some commercial fishes from the Meghna River Estuary in 
Bangladesh and human health implications. Mar Pollut Bull 
145:436–447

Ahmed AS, Sultana S, Habib A, Ullah H, Musa N, Hossain MB, Rah-
man MM, Sarker MSI (2019b) Bioaccumalation of heavy met-
als in some commercially important fishes from a tropical river 
estuary suggests higher potential health risk in children risk in 
children than adults. Plos One 14(10):p.e0219336

Aktaruzzaman M, Chowdhury MAZ, Fardous Z, Alam MK, Hossain 
MS, Fakhruddin ANM (2014) Ecological risk posed by heavy 
metals contamination of ship breaking yards in Bangladesh. Int 
J Environ Res 8(2):469–478

Aktar P, Moonajilin MS (2017) Assessment of water quality status 
of Turag River due to industrial effluent. Int J Eng Inf Syst 
1:105–118

Akter S, Fardous Z, Aktar J, Rahman MA, Chowdhury MAZ, Sarkar S, 
Billah MB (2019) Environmental contamination of heavy metals 
in some dried fish of coastal regions of Bangladesh. Bangladesh 
J Zool 47(2):293–304

Alam MGM, Allinson G, Stagnitti F, Tanaka A, Westbrooke M (2002) 
Arsenic contamination in Bangladesh groundwater: a major 
environmental and social disaster. Int J Environ Health Res 
12(3):235–253

Alam E (2019) Importance of long-term earthquake, tsunami and 
tropical cyclone data for disaster risk reduction in Bangladesh. 
Progress in Disaster Science 2:100019

Alamgir M, Islam M, Hossain N, Kibria MG, Rahman MM (2015) 
Assessment of heavy metal contamination in urban soils of Chit-
tagong City, Bangladesh. Int J Plant & Soil Sci 7(6):362–372

Ali MM, Ali ML, Islam MS, Rahman MZ (2016) Preliminary assess-
ment of heavy metals in water and sediment of Karnaphuli River 
Bangladesh. Environ Nanotechnol Monit Manag 5:27–35

Ali MM, Ali ML, Proshad R, Islam S, Rahman Z, Tusher TR, 
Kormoker T, Al Ma (2019) Heavy metal concentrations in com-
mercially valuable fishes with health hazard inference from Kar-
naphuli river, Bangladesh. Human and Ecological Risk Assess-
ment: An International Journal 26(10):2646–266

Ali MM, Ali ML, Rakib MRJ, Islam MS, Habib A, Hossen S, Ibrahim 
KA, Idris AM, Phoungthong K (2021) Contamination and eco-
logical risk assessment of heavy metals in water and sediment 
from hubs of fish resource river in a developing country. Toxin 
Rev 1–16. https:// doi. org/ 10. 1080/ 15569 543. 2021. 20018 29

Ali MM, Rahman S, Islam MS, Rakib MRJ, Hossen S, Rahman MZ, 
Phoungthong K (2022) Distribution of heavy metals in water and 
sediment of an urban river in a developing country: a probabilis-
tic risk assessment. Int J Sediment Res 37(2):173–187

Alipour H, Pourkhabbaz A, Hassanpour M (2015) Estimation of poten-
tial health risks for some metallic elements by consumption of 
fish. Water Quality Expos Health 7(2):179–185

Ametepey ST, Cobbina SJ, Akpabey FJ, Duwiejuah AB, Abuntori ZN 
(2018) Health risk assessment and heavy metal contamination 
levels in vegetables from Tamale Metropolis Ghana. Int J Food 
Contam 5(1):5

Arafin SAK, Hoque AF, Abedin MJ, El-Taner A (2019) Heavy 
metal detection in soil and related health aspect at Aila 

Inundated Sundarban Region, Bangladesh. Int J Sci Technol 
Res 8(10)2702–2708

ATSDR (2004) Toxicological Profile. U.S. Public Health Service 
Agency for Toxic Substances and Disease Registry, Atlanta, GA

Awal MA, Hale WH, Stern B (2009) Trace element concentrations in 
mangrove sediments in the Sundarbans, Bangladesh. Mar Pollut 
Bull 58(12):1944–1948

Baki MA, Hossain MM, Akter J, Quraishi SB, Shojib MFH, Ullah 
AA, Khan MF (2018) Concentration of heavy metals in seafood 
(fishes, shrimp, lobster and crabs) and human health assessment 
in Saint Martin Island Bangladesh. Ecotoxicol Environ Saf 
159:153–163

Bakshi, A, Panigrahi, AK (2022) Chromium Contamination in Soil and 
Its Bioremediation: An Overview. In: Malik JA (eds) Advances 
in Bioremediation and Phytoremediation for Sustainable Soil 
Management. Springer, Cham. https:// doi. org/ 10. 1007/ 978-3- 
030- 89984-4_ 15

Barua P, Rahman SH, MollA MH (2017) Heavy metals effluence in 
sediments and its impact on macrobenthos at shipbreaking area 
of Bangladesh. Asian profile 45(2):167–180

Begum A, Amin MN, Kaneco S, Ohta K (2005) Selected elemen-
tal composition of the muscle tissue of three species of fish, 
Tilapia nilotica, Cirrhina mrigala and Clarius batrachus, from 
the fresh water Dhanmondi Lake in Bangladesh. Food Chem 
93(3):439–443

Begum K, Mohiuddin KM, Zakir HM, Rahman MM, Hasan MN 
(2014) Heavy metal pollution and major nutrient elements 
assessment in the soils of Bogra city in Bangladesh. Can Chem 
Trans 2(3):316–326

Belal, ES, El-Ramady, H (2016) Nanoparticles in water, soils and 
agriculture. In: Ranjan S, Dasgupta N, Lichtfouse E (eds) Nano-
science in Food and Agriculture 2. Sustainable Agriculture 
Reviews, vol 21. Springer, Cham. https:// doi. org/ 10. 1007/ 978-
3- 319- 39306-3_ 10

Bhuyan MS, Bakar MA, Akhtar A, Islam MS (2016) Heavy metals 
status in some commercially important fishes of Meghna river 
adjacent to Narsingdi District, Bangladesh: health risk assess-
ment. Am J Life Sci 4:60–70

Bhuyan MS, Bakar MA (2017) Seasonal variation heavy metals in 
water and sediments in theHalda River, Chittagong, Bangladesh. 
Environ Pollut Res 24:27587–27600. https:// doi. org/ 10. 1007/ 
s11356- 017- 0204-y

Bhuyan MS, Islam MS (2017) Status and impacts of industrial pol-
lution on the Karnaphuli River in Bangladesh: a review. Int J 
Mar Sci 7

Bhuyan MS, Bakar MA, Akhtar A, Hossain MB, Ali MM, Islam MS 
(2017) Heavy metal contamination in surface water and sedi-
ment of the Meghna River. Environ Nanotechnol Monit Manag 
8:273–279

Bibi MH, Ahmed F, Ishiga H (2006) Distribution of arsenic and other 
trace elements in the Holocene sediments of the Meghna River 
Delta, Bangladesh. Environ Geol 50(8):1243–1253

Chakraborty P, Ramteke D, Gadi SD, Bardhan P (2016) Linkage 
between speciation of Cd in mangrove sediment and its bioac-
cumulation in total soft tissue of oyster from the west coast of 
India. Mar Pollut Bull 106(1–2):274–282

Chen Y, Wang C, Wang Z (2005) Residues and source identification of 
persistent organic pollutants in farmland soils irrigated by efflu-
ents from biological treatment plants. Environ Int 31(6):778–783

Chen B, Liang X, Xu W, Huang X, Li X (2012) The changes in trace 
metal contamination over the last decade in surface sediments 
of the Pearl River Estuary South China. Sci Total Environ 
439:141–149

Chowdhury N, Rasid MM (2021) Heavy metal concentrations and 
impact on soil microbial and enzyme activities agricultural 

67553Environmental Science and Pollution Research  (2022) 29:67532–67558

1 3

https://doi.org/10.1080/15569543.2021.2001829
https://doi.org/10.1007/978-3-030-89984-4_15
https://doi.org/10.1007/978-3-030-89984-4_15
https://doi.org/10.1007/978-3-319-39306-3_10
https://doi.org/10.1007/978-3-319-39306-3_10
https://doi.org/10.1007/s11356-017-0204-y
https://doi.org/10.1007/s11356-017-0204-y


lands around ship yards in Chattogram, Bangladesh. Soil Sci 
Ann 72(2):135994

Das B, Khan YSA, Sarker MAK (2002) Trace metal concentration in 
water of the Karnaphuli River estuary of the Bay of Bengal. Pak 
J Biol Sci 5:607–608

Davis AS, Prakash P, Thamaraiselvi K (2017) Nanobioremediation 
technologies for sustainable environment. Bioremediation and 
Sustainable Technologies for Cleaner Environment. Springer, 
Cham, pp 13–33

Dey S, Das J, Manchur MA (2015) Studies on heavy metal pollution of 
Karnaphuli river, Chittagong, Bangladesh. IOSR J Environ Sci 
Toxicol Food Technol 9(8):79–83

Doulah NU, Karim MR, Hossain S, Deb N, Barua BS (2017) Spatial 
distribution of heavy metals in surface and sub surface sediments 
of the coastal area of Kutubdia Island, Cox’s Bazar. Bangladesh 
J Environ Anal Chem 4:2380–2391

El-Ramady H, Alshaal T, El-Henawy A, Abdalla N, Taha H, Elmah-
rouk M, Domokos-Szabolcsy E (2017) Environmental nanore-
mediation under changing climate. Environ Biodiversity and Soil 
Security 1:109–128

Erdorul O, Ates DA (2006) Determination of cadmium and copper in 
fish samples from Sir and Menzelet dam lake Kahramanmaras, 
Turkey. Environ Monit Assess 117(1–3):281

Elsagh A (2019) Estimation of contamination with vanadium and arse-
nic in coastal sediments of Bandar Abbas (Persian Gulf, Iran) 
on the basis of geochemical-environmental factors. Environ Eng 
Manag J 18(11):2465–2473

Elsagh A, Jalilian H, Aslshabestari MG (2021) Evaluation of heavy 
metal pollution in coastal sediments of Bandar Abbas, the Per-
sian Gulf, Iran: mercury pollution and environmental geochemi-
cal indices. Mar Pollut Bull 167:112314

EU (1998) Council Directive 98/83/EC of 3 November 1998 on the 
quality of water intended for human consumptionOfficial Journal 
of European Commission 330:32–54. http:// extwp rlegs1. fao. org/ 
docs/ pdf/ eur18 700. pdf

Fakhri Y, Saha N, Miri A, Baghaei M, Roomiani L, Ghaderpoori M, 
Pouya RH (2018) Metal concentrations in fillet and gill of par-
rotfish (Scarus ghobban) from the Persian Gulf and implications 
for human health, Food Chem. Toxicol 118:348–354

Fang Y, Sun X, Yang W, Ma N, Xin Z, Fu J, Hu Q (2014) Concentra-
tions and health risks of lead, cadmium, arsenic, and mercury in 
rice and edible mushrooms in China. Food Chem 147:147–151

FAO (1984) List of maximum levels recommended for contaminants by 
the JointFAO/WHO Codex Alimentarius Commission. Second 
Series CAC/FAL, Rome, pp. 1–8

Fernandes C, Fontaínhas-Fernandes A, Cabral D, Salgado MA (2008) 
Heavy metals in water, sediment and tissues of Liza saliens 
from Esmoriz-Paramos lagoon Portugal Environ. Monit Assess 
136(1–3):267–275

FSANZ (2008) Contaminants and natural toxicants, Food Standards 
Australia and New Zealand, Australian Government Health Port-
folio. https:// www. foods tanda rds. gov. au/ code/ Docum ents/1. 4.1% 
20Con tamin ants% 20v157. pdf

Galimberti C, Corti I, Cressoni M, Moretti VM, Menotta S, Galli U, 
Cambiaghi D (2016) Evaluation of mercury, cadmium and lead 
levels in fish and fishery productsimported by air in North Italy 
from extra-European Union Countries. Food Control 60:329–337

Gan Y, Wang L, Yang G, Dai J, Wang R, Wang W (2017) Multiple 
factors impact the contents of heavy metals in vegetables in high 
natural background area of China. Chemosphere 184:1388–1395

Garcia-Reyero N, Perkins EJ (2011) Systems biology: leading the revo-
lution in ecotoxicology. Environ Toxicol Chem 30(2):265–273

Gautam RK, Sharma SK, Mahiya S, Chattopadhyaya, MC (2014) Con-
tamination of heavy metals in aquatic media: transport, toxicity 
and technologies for remediation, In: Heavy Metals In Water: 

Presence, Removal and Safety, 1–24. https:// doi. org/ 10. 1039/ 
97817 82620 174- 00001

Gu YG, Lin Q, Wang XH, Du FY, Yu ZL, Huang HH (2015) 
Heavy metal concentrations in wild fishes captured from the 
South China Sea and associated health risks. Mar Pollut Bull 
96(1–2):508–512

Habib M, Basuki T, Miyashita S, Bekelesi W, Nakashima S, Techato 
K, Khan R, Majlis ABK, Phoungthong K (2019) Assessment of 
natural radioactivity in coals and coal combustion residues from 
a coal-based thermoelectric plant in Bangladesh: implications for 
radiological health hazards. Environ Monit Assess 191(1):1–20

Hasan AB, Kabir S, Reza AS, Zaman MN, Ahsan MA, Akbor MA, 
Rashid MM (2013) Trace metals pollution in seawater and 
groundwater in the ship breaking area of Sitakund Upazilla, Chit-
tagong, Bangladesh. Mar Pollut Bull 71(1):317–324

Hasan SJ, Tanu MB, Haidar MI, Ahmed T, Rubel AKMSA (2015) 
Physico-chemical characteristics and accumulation of heavy met-
als in water and sediments of the river Dakatia, Bangladesh. Int 
J Fish Aquat Studies 2(5):300–304

Hasnine MT, Huda ME, Khatun R, Saadat AHM, Ahasan M, Akter S, 
Ohiduzzaman M (2017) Heavy metal contamination in agricul-
tural soil at DEPZA Bangladesh. Environ Ecol Res 5(7):510–516

He Z, Song J, Zhang N, Zhang P, Xu Y (2009) Variation character-
istics and ecological risk of heavy metals in the south Yellow 
Sea surface sediments. Environ Monit Assess 157(1–4):515–528

Helmer R, Hespanhol I (1997) Water pollution control: a guide to the 
use of water quality management principles. CRC Press

Hines A, Oladiran GS, Bignell JP, Stentiford GD, Viant MR (2007) 
Direct sampling of organisms from the field and knowledge of 
their phenotype: key recommendations for environmental metab-
olomics. Environ Sci Technol 41(9):3375–3381

Hossain F, Islam MA, Al-Mamun A, Naher K, Khan R, Das S, Tamim 
U, Hossain, SM, Nahid F, Islam MA (2016) Assessment of 
trace contaminants in sediments of the Poshur river nearby 
Mongla port of Bangladesh. Nuclear Science and Applications 
25(1-2):7–11

Hossain MA, Zakir HM, Kumar D, Alam MS (2017a) Quality and 
metallic pollution level in surface waters of an urban industrial-
ized city: a case study of Chittagong city, Bangladesh. Journal 
of Industrial Safety Engineering 4(2):9–18 

Hossain MN, Jamil MGM, Mia MM, Uddin MN, Mansur MA (2017b) 
Studies on the proximate composition, quality and heavy metal 
concentration of two sun-dried marine fish (sun-dried Silver 
Pomfret and sun-dried Perch) of Cox’s Bazar District of Bang-
ladesh. J Environ Sci Nat Resour 10(1):25–32

Hossain MB, Shanta TB, Ahmed AS, Hossain MK, Semme SA (2019) 
Baseline study of heavy metal contamination in the Sangu River 
estuary, Chattogram, Bangladesh. Mar Pollut Bull 140:255–261

Hossain MB, Rakib MRJ, Jolly YN, Rahman M (2020) Metals uptake 
and translocation in salt marsh macrophytes, Porteresia sp. from 
Bangladesh coastal area. Sci. Total Environ 144637. https:// doi. 
org/ 10. 1016/j. scito tenv. 2020. 144637

Hossain MS, Hossain MB, Rakib MJR, Jolly YN, Ullah MA, Elliott M 
(2021) Ecological and human health risk evaluation using pollu-
tion indices: a case study of the largest mangrove ecosystem of 
Bangladesh. Reg Stud Mar Sci 47:101913

Huang Y, Fulton AN, Keller AA (2016) Simultaneous removal of 
PAHs and metal contaminants from water using magnetic nano-
particle adsorbents. Sci Tot Environ 571:1029–1036

Ibañez S, Talano M, Ontañon O, Suman J, Medina MI, Macek T, Ago-
stini E (2016) Transgenic plants and hairy roots: exploiting the 
potential of plant species to remediate contaminants. New Bio-
technol 33(5):625–635

Islam R (2004) Where lands meets the sea. The University Press Lim-
ited, Dhaka, A profile of coastal zone of Bangladesh, p 2004

67554 Environmental Science and Pollution Research  (2022) 29:67532–67558

1 3

http://extwprlegs1.fao.org/docs/pdf/eur18700.pdf
http://extwprlegs1.fao.org/docs/pdf/eur18700.pdf
https://www.foodstandards.gov.au/code/Documents/1.4.1%20Contaminants%20v157.pdf
https://www.foodstandards.gov.au/code/Documents/1.4.1%20Contaminants%20v157.pdf
https://doi.org/10.1039/9781782620174-00001
https://doi.org/10.1039/9781782620174-00001
https://doi.org/10.1016/j.scitotenv.2020.144637
https://doi.org/10.1016/j.scitotenv.2020.144637


Islam F, Rahman M, Khan SSA, Ahmed B, Bakar A, Halder M (2013) 
Heavy metals in water, sediment and some fishes of Karnofuly 
River, Bangladesh. Pollut Res 32:715–721

Islam MS, Ahmed MK, Habibullah-Al-Mamun M, Islam KN, Ibra-
him M, Masunaga S (2014) Arsenic and lead in foods: a poten-
tial threat to human health in Bangladesh. Food Addit Contam 
31(12):1982–1992

Islam MS, Ahmed MK, Habibullah-Al-Mamun M, Hoque MF (2015a) 
Preliminary assessment of heavy metal contamination in sur-
face sediments from a river in Bangladesh. Environ Earth Sci 
73(4):1837–1848

Islam MS, Ahmed MK, Raknuzzaman M, Habibullah-Al-Mamun M, 
Islam MK (2015b) Heavy metal pollution in surface water and 
sediment: a preliminary assessment of an urban river in a devel-
oping country. Ecol Indic 48:282–291

Islam MS, Bhuyan MS, Monwar MM, Akhtar A (2016) Some health 
hazard metals in commercially important coastal Molluscan spe-
cies in Bangladesh. Bangladesh J Zool 44(1):123–132

Islam MS, Habibullah-Al-Mamun M (2017) Accumulation of trace 
elements in sediment and fish species of Paira River Bangladesh. 
AIMS Environ Sci 4(2):310–322

Islam Ma, Al-Mamun A, Hossain F, Quraishi SB, Naher K, Khan R, 
Das S, Tamim U, Hossain SM, Nahid F (2017) Contamination 
and ecological risk assessment of trace elements in sediments of 
the rivers of Sundarban mangrove forest, Bangladesh. Mar Pollut 
Bull 124(1):356–366

Islam MM, Karim M, Zheng X, Li X (2018a) Heavy metal and metal-
loid pollution of soil, water and foods in Bangladesh: A critical 
review. Int J Environ Res Public Health 15(12):2825

Islam MM, Karim M, Zheng X, Li X (2018b) Assessment of heavy 
metal pollution, distribution and source apportionment in the 
sediment from Feni River estuary, Bangladesh. Chemosphere 
202:25–32

Islam MS, Proshad R, Ahmed S (2018c) Ecological risk of heavy met-
als in sediment of an urban river in Bangladesh. Hum Ecol Risk 
Assess 24(3):699–720

Islam ARMT, Siddiqua MT, Zahid A, Tasnim SS, Rahman MM (2020) 
Drinking appraisal of coastal groundwater in Bangladesh: an 
approach of multi-hazards towards water security and health 
safety. Chemosphere 255:126933. https:// doi. org/ 10. 1016/j. 
chemo sphere. 2020. 126933

Islam ARMT, Pal SC, Chowdhuri I, Islam R, Islam MS, Rahman 
MM, Zahid A, Idris AM (2021a) Application of novel frame-
work approach for prediction of nitrate concentration suscep-
tibility in coastal multi-aquifers Bangladesh. Sci Total Environ 
801:149811. https:// doi. org/ 10. 1016/j. scito tenv. 2020. 149811

Islam ARMT, Kabir MM, Faruk S (2021b) Sustainable groundwater 
quality in southeast coastal Bangladesh: co-dispersions, sources, 
and probabilistic health risk assessment. Environ Dev Sustain. 
https:// doi. org/ 10. 1007/ s10668- 021- 01447-4

Jamil MGM, Hossain MN, Mia MM, Mansur Ma, Uga S (2017) Studies 
on the proximate composition, quality and heavy metal concen-
tration of sun-dried Bombay duck and sun-dried Ribbon fish of 
Cox ’s Bazar District of Bangladesh. J Environ Sci Nat Resour 
10(1):55–60

Jolly YN, Kabir A, Akter S, Chowdhury AMS (2019) Contamination 
status of water, fish and vegetable samples collected from a heavy 
industrial area and possible health risk assessment. Advances in 
Food Technology and Nutritional Sciences 5:81–91

Jothi JS, Anka IZ, Hashem S, Morshed S (2018) Assessment of heavy 
metal concentration in edible fish muscle and water sample col-
lected from different location in Chittagong: a public health con-
cern. Ukr Food J 7(3):464–471

Kabir MZ, Deeba F, Majumber RK, Khalil MI, Islam MS (2018) 
Heavy mineral distribution and geochemical studies of coastal 

sediments at Sonadia island, Bangladesh. Nucl Sci Technol 
27(1-2):1–5

Kabir MM, Akter S, Ahmed FT, Mohinuzzaman M, Didar-ul-Alam M, 
Mostofa KMG, Islam ARMT, Niloy NM (2021) Salinity-induced 
fluorescent dissolved organic matter influence contamination, 
quality and risk to human health of tube well water, southeast 
coastal Bangladesh. Chemosphere 275:130053. https:// doi. org/ 
10. 1016/j. chemo sphere. 2020. 130053. 53

Karim M, Das SK, Paul SC, Islam MF, Hossain MS (2018) Water qual-
ity assessment of Karrnaphuli River, Bangladesh using multivari-
ate analysis and pollution indices. Asian Journal of Environment 
& Ecology 7:1–11

Khadse GK, Patni PM, Kelkar PS, Devotta S (2008) Qualitative evalu-
ation of Kanhan river and its tributaries flowing over central 
Indian plateau. Environ Monit Assess 147(1–3):83–92

Khan MAA, Khan YSA (2003) Trace metals in littoral sediments from 
the north east coast of the Bay of Bengal along the ship breaking 
area, Chittagong, Bangladesh. J Biol Sci 3(11):1050–1057

Khan MZH, Hasan MR, Khan M, Aktar S, Fatema K (2017) Distribu-
tion of heavy metals in surface sediments of the Bay of Bengal 
Coast. J Toxicol 9235764

Kibria G, Hossain MM, Mallick D, Lau TC, Wu R (2016) Monitor-
ing of metal pollution in waterways across Bangladesh and eco-
logical and public health implications of pollution. Chemosphere 
165:1–9

Kumar A, Ramanathan AL, Prasad MBK, Datta D, Kumar M, Sap-
pal SM (2016) Distribution, enrichment, and potential tox-
icity of trace metals in the surface sediments of Sundarban 
mangrove ecosystem, Bangladesh:a baseline study before 
Sundarban oil spill of December, 2014. Environ Sci Pollut 
Res 23(9):8985–8999

Kuppusamy S, Thavamani P, Venkateswarlu K, Lee YB, Naidu R, 
Megharaj M (2017) Remediation approaches for polycyclic aro-
matic hydrocarbons (PAHs) contaminated soils: technological 
constraints, emerging trends and future directions. Chemosphere 
168:944–968

Li Y, Liu H, Zhou H, Ma W, Han Q, Diao X, Xue Q (2015) Concen-
tration distribution and potential health risk of heavy metals in 
Mactra veneriformis from Bohai Bay China. Mar Pollut Bull 
97(1–2):528–534

Liang H, Wu WL, Zhang YH, Zhou SJ, Long CY, Wen J, Zou F (2018) 
Levels, temporal trend and health risk assessment of five heavy 
metals in fresh vegetables marketed in Guangdong Province of 
China during 2014–2017. Food Control 92:107–120

Lim HS, Lee JS, Chon HT, Sager M (2008) Heavy metal contami-
nation and health risk assessment in the vicinity of the aban-
doned Songcheon Au–Ag mine in Korea. J Geochem Explor 
96(2–3):223–230

Longo G, Trovato M, Mazzei V, Ferrante M, Conti GO (2013) Ligia 
italica (Isopoda, Oniscidea) as bioindicator of mercury pollution 
of marine rocky coasts. PLoS ONE 8(3):58548

Macek T, Kotrba P, Svatos A, Novakova M, Demnerova K, Mackova 
M (2008) Novel roles for genetically modified plants in environ-
mental protection. Trends Biotechnol 26(3):146–152

Machado KS, Al Ferreira PA, Rizzi J, Figueira R, Froehner S (2017) 
Spatial and temporal variation of heavy metals contamination in 
recent sediments from Barigui river basin, South Brazil. Envi-
ron Pollut Climate Change 108(1). https:// doi. org/ 10. 4172/ 2573- 
458X. 10001 08

Majid MA, Rahman IMM, Bhuiyan MIH (2003) Environmental impact 
assessment of the effluents from Kalurghat Industrial Area of 
Chittagong on the Karnaphuli River water. Chittagong University 
Journal Science 27(1-2):61–69

Mamun A, Sumon KA, Sukhan ZP, Hoq E, Alam MW, Haq MS, 
Rashid F, Rashid H (2013) Heavy metal contamination in water 
and sediments of the river Karnafuli from south-east coast of 

67555Environmental Science and Pollution Research  (2022) 29:67532–67558

1 3

https://doi.org/10.1016/j.chemosphere.2020.126933
https://doi.org/10.1016/j.chemosphere.2020.126933
https://doi.org/10.1016/j.scitotenv.2020.149811
https://doi.org/10.1007/s10668-021-01447-4
https://doi.org/10.1016/j.chemosphere.2020.130053.53
https://doi.org/10.1016/j.chemosphere.2020.130053.53
https://doi.org/10.4172/2573-458X.1000108
https://doi.org/10.4172/2573-458X.1000108


Bangladesh. In Proceedings of the 4th the International Confer-
ence on Environmental Aspects of Bangladesh, Fukuoka, Japan, 
24–26

Mansur MA, Chakraborty SC, Islam M, Rahman SM, Rahman AKM, 
Rahman S, Uga S (2018) Studies on the quality and safety aspect 
of some commercially important marine fishes of the Bay of 
Bengal along the Cox’s Bazar coast of Bangladesh. J Mar Sci 
47:09

Martin S, Griswold W (2009) Human health effects of heavy metals. 
Environ Sci Technol Briefs Citizens 15:1–6

Martín JR, De Arana C, Ramos-Miras JJ, Gil C, Boluda R (2015) 
Impact of 70 years’ urban growth associated with heavy metal 
pollution. Environ Pollut 196:156–163

Martínez-Fernández D, Vítková M, Michálková Z, Komárek M (2017) 
Engineered nanomaterials for phytoremediation of metal/metal-
loid-contaminated soils: implications for plant physiology. Phy-
toremediation. Springer, Cham, pp 369–403

Miri M, Akbari E, Amrane A, Jafari SJ, Eslami H, Hoseinzadeh E, 
Taghavi M (2017) Health risk assessment of heavy metal intake 
due to fish consumption in the Sistan region. Iran Environ Monit 
Assess 189(11):583

Mishra S, Bharagava RN, More N, Yadav A, Zainith S, Mani S, Chowd-
hary P (2019) Heavy metal contamination: an alarming threat to 
environment and human health. In Environmental biotechnology: 
For Sustainable Future. Springer, Singapore, 103–125. https:// 
doi. org/ 10. 1007/ 978- 981- 10- 7284-0_5

MOFL (2014) Bangladesh Gazette, Bangladesh ministry of fisheries 
and livestock, SRO no. 233/Ayen. Ministry of Fisheries and Live-
stock, Bangladesh

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group* (2009) 
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Annals of Internal Medicine 
151(4):264–269

Mohiuddin KM, Otomo K, Ogawa Y, Shikazono N (2012) Seasonal 
and spatial distribution of trace elements in the water and sedi-
ments of the Tsurumi River in Japan. Environ Monit Assess 
184(1):265–279

Mohiuddin KM, Alam MM, Ahmed I, Chowdhury AK (2015) Heavy 
metal pollution load in sediment samples of the Buriganga river 
in Bangladesh. J Bangladesh Agril Univ 13(2):229–238

Mohiuddin KM, Islam MS, Basak S, Abdullah HM, Ahmed I (2016) 
Status of heavy metal in sediments of the Turag river in Bangla-
desh. Progress Agric 27(2):78–85

Myers SS, Gaffikin L, Golden CD, Ostfeld RS, Redford KH, Ricketts 
TH, Osofsky SA (2013) Human health impacts of ecosystem 
alteration. PNAS USA 110(47):18753–18760

National Research Council (2001) Arsenic in Drinking Water: 2001 
Update; The National Academies Press: Washington. DC, USA

Nobi EP, Dilipan E, Thangaradjou T, Sivakumar K, Kannan L (2010) 
Geochemical and geo-statistical assessment of heavy metal con-
centration in the sediments of different coastal ecosystems of 
Andaman Islands India. Estuar Coast Shelf Sci 87(2):253–264

Nor Hasyimah AK, James Noik V, Teh YY, Lee CY, Pearline Ng HC 
(2011) Assessment of cadmium (Cd) and lead (Pb) levels in com-
mercial marine fish organs between wet markets and supermar-
kets in Klang Valley, Malaysia. Int Food Res J 18(2):795–802

Novakova M, Mackova M, Chrastilova Z, Viktorova J, Szekeres M, 
Demnerova K, Macek T (2009) Cloning the bacterial bphC gene 
into Nicotiana tabacum to improve the efficiency of PCB phy-
toremediation. Biotechnol Bioeng 102(1):29–37

Outa JO, Kowenje CO, Plessl C, Jirsa F (2020) Distribution of arsenic, 
silver, cadmium, lead and other trace elements in water, sedi-
ment and macrophytes in the Kenyan part of Lake Victoria: spa-
tial, temporal and bioindicative aspects. Environ Sci Pollut Res 
27(2):1485–1498

Parvin GA, Shimi AC, Shaw R, Biswas C (2016) Flood in a changing 
climate: the impact on livelihood and how the rural poor cope in 
Bangladesh. Climate 4(4):60

Patil SS, Shedbalkar UU, Truskewycz A, Chopade BA, Ball AS (2016) 
Nanoparticles for environmental clean-up: a review of potential 
risks and emerging solutions. Environ Technol Innov 5:10–21

Patra P, Mohandass C, Chakraborty P (2019) Snapshot of environmen-
tal condition in different tropical estuarine systems by using S. 
cucullata (an edible oyster) as bio-indicator. Environ Sci Pollut 
Res 26(11):11342–11354

Proshad R, Kormoker T, Islam S (2019) Distribution, source identi-
fication, ecological and health risks of heavy metals in surface 
sediments of the Rupsa River, Bangladesh. Toxin Rev. https:// 
doi. org/ 10. 1080/ 15569 543. 2018. 15641 43

Rahman MM (2006) A study on coastal water pollution of Bangla-
desh in the Bay of Bengal (Master dissertation, Department of 
Architecture, BRAC University), 132–134. http:// hdl. handle. net/ 
10361/ 215

Rahman MT, Rahman MS, Quraishi SB, Ahmad JU, Choudhury TR, 
Mottaleb MA (2011) Distribution of heavy metals in water and 
sediments in Passur River, Sundarban Mangrove Forest, Bang-
ladesh. Journal of International Environmental Application and 
Science 6(4):537–546

Rahman SH, Khanam D, Adyel TM, Islam MS, Ahsan MA, Akbor 
MA (2012) Assessment of heavy metal contamination of agri-
cultural soil around Dhaka Export Processing Zone (DEPZ), 
Bangladesh: implication of seasonal variation and indices. Appl 
Sci 2(3):584–601

Rahman MT, Ziku ALME, Choudhury TR, Ahmed JU, Mottaleb MA 
(2015) Heavy metal contaminations in vegetables, soils and river 
water: a comprehensive study of Chilmari, Kurigram, Bangla-
desh. Int J Environ Ecol Fam Urban Stud 5:29–42

Rahmani J, Fakhri Y, Shahsavani A, Bahmani Z, Urbina MA, Chirum-
bolo S, Bjørklund G (2018) A systematic review and meta-analy-
sis of metal concentrations in canned tuna fish in Iran and human 
health risk assessment. Food Chem Toxicol 118:753–765

Rahman MS, Hossain MB, Babu SOF, Rahman M, Ahmed AS, Jolly 
YN, Choudhury TR, Begum BA, Kabir J, Akter S (2019) Source 
of metal contamination sediment, their ecological risk, and phy-
toremediation ability of the studied mangrove plants in ship 
breaking area, Bangladesh. Mar Pollut Bull 141:137–146

Rahman MS, Saha N, Ahmed ASS, Faruque Babu SMOF, Islam 
ARMT (2021) Depthrelated dynamics of physicochemical char-
acteristics and heavy metal accumulation in mangrove sediment 
and plant: Acanthus ilicifolius as a potential phytoextractor. Mar 
Pollut Bull 173:113160. https:// doi. org/ 10. 1016/j. marpo lbul. 
2021. 113160

Rakib MJR, Al Nahian S, Alfonso MB, Khandaker MU, Enyoh CE, 
Islam MA (2021a) Microplastics pollution in salt pans from the 
Maheshkhali Channel Bangladesh. Sci Rep 11(1):1–10

Rakib MRJ, De-la-Torre GE, Pizarro-Ortega CI, Dioses-Salinas DC, 
Al-Nahian S (2021b) Personal protective equipment (PPE) pol-
lution driven by the COVID-19 pandemic in Cox’s Bazar, the 
longest natural beach in the world. Mar Pollut Bull 169:112497

Rakib MRJ, Hossain MB, Jolly YN, Akther S, Islam S (2021c) EDXRF 
detection of trace elements in salt marsh sediment of Bangladesh 
and probabilistic ecological risk assessment. Soil Sediment Con-
tam 31(2):220–239

Rakib MRJ, Jolly YN, Begum BA, Choudhury TR, Fatema KJ, Islam 
MS, Idris AM (2021d) Assessment of trace element toxicity in 
surface water of a fish breeding river in Bangladesh: a novel 
approach for ecological and health risk evaluation. Toxin Rev 
41(2):1–17

Rakib MRJ, Ertaş A, Walker TR, Rule MJ, Khandaker MU, Idris AM 
(2022) Macro marine litter survey of sandy beaches along the 

67556 Environmental Science and Pollution Research  (2022) 29:67532–67558

1 3

https://doi.org/10.1007/978-981-10-7284-0_5
https://doi.org/10.1007/978-981-10-7284-0_5
https://doi.org/10.1080/15569543.2018.1564143
https://doi.org/10.1080/15569543.2018.1564143
http://hdl.handle.net/10361/215
http://hdl.handle.net/10361/215
https://doi.org/10.1016/j.marpolbul.2021.113160
https://doi.org/10.1016/j.marpolbul.2021.113160


Cox’s Bazar Coast of Bay of Bengal Land-based sources of solid 
litter pollution Bangladesh Mar. Pollut Bull 174:113246

Rakib MJR, Jolly YN, Enyoh CE, Khandaker MU, Hossain MB, Brad-
ley DA (2021e) Levels and health risk assessment of heavy met-
als in dried fish consumed in Bangladesh. Sci Rep 11(1):1–13

Rakib MJR, Jolly YN, Dioses-Salinas DC, Pizarro-Ortega CI, De-la-
Torre GE, Bradley DA (2021f) Macroalgae in biomonitoring of 
metal pollution in the Bay of Bengal coastal waters of Cox’s 
Bazar and surrounding areas. Sci Rep 11(1):1–13

Raknuzzaman M, Ahmed MK, Islam MS, Habibullah-Al-Mamun M, 
Tokumura M, Sekine, M, Masunaga S (2016) Trace metal con-
tamination in commercial fish and crustaceans collected from 
coastal area of Bangladesh and health risk assessment. Environ 
Sci Pollut Res 23(17):17298–17310

Rashid, T, Hoque, S, Akter, S (2015) Pollution in the Bay of Bengal: 
Impact on marine ecosystem. Open Journal of Marine Science 
5(01):53127

Ray GC, McCormick-Ray J, Smith Jr RL (2013) Marine Conservation: 
Science, Policy, and Management. John Wiley & Sons

Rayhan Khan M, Hosna Ara M, Kumar Dhar P (2019) Assessment of 
heavy metals concentrations in the soil of Mongla industrial area, 
Bangladesh. Environ Health Eng Manag J 6(3):191–202

Rehman K, Fatima F, Waheed I, Akash MSH (2018) Prevalence of 
exposure of heavy metals and their impact on health conse-
quences. J Cell Biochem 119(1):157–184

Rezayi M, Ahmadzadeh S, Kassim A, Lee YH (2011) Thermodynamic 
studies of complex formation between Co (Salen) ionophore with 
chromate (II) ions in AN-H2O binary solutions by the conducto-
metric method. Int J Electrochem Sci 6:6350–6359

Sabbir W, Rahman MZ, Hasan MM, Khan MN, Ray S (2018) Assess-
ment of heavy metals in river water, sediment and fish mussel in 
rupsha river under Khulna district Bangladesh. Int J Expt Agric 
8:1–5

Saha PK, Hossain MD (2011) Assessment of heavy metal contamina-
tion and sediment quality in the Buriganga River, Bangladesh. 
In 2nd international conference on environmental science and 
technology, IPCBEE, Singapore, pp 384–388

Saha N, Zaman MR (2013) Evaluation of possible health risks of 
heavy metals by consumption of foodstuffs available in the cen-
tral market of Rajshahi City Bangladesh. Environ Monit Assess 
185(5):3867–3878

Saha N, Mollah MZI, Alam MF, Rahman MS (2016a) Seasonal inves-
tigation of heavy metals in marine fishes captured from the Bay 
of Bengal and the implications for human health risk assessment. 
Food Control 70:110–118

Saha N, Webb GE, Zhao JX (2016b) Coral skeletal geochemistry as a 
monitor of inshore water quality. Sci Total Environ 566:652–684

Samad MA, Mahmud Y, Adhikary RK, Rahman SBM, Haq MS, 
Rashid H (2015) Chemical profile and heavy metal concentra-
tion in water and freshwater species of Rupsha River Bangladesh. 
Am J Environ Prot 3(6):180–186

Samuelsson LM, Larsson DJ (2008) Contributions from metabolomics 
to fish research. Mol Biosyst 4(10):974–979

Sarker A, Kim JE, Islam ARM, Bilal M, Rakib MJR, Islam T (2021) 
Heavy metals contamination and associated health risks in food 
webs-a review focuses on food safety and environmental sustain-
ability in Bangladesh. Environ Sci Pollut Res 29(3):3230–3245

Sarma VVSS, Krishna MS, Srinivas TNR (2020) Sources of organic 
matter and tracing of nutrient pollution in the coastal Bay of 
Bengal. Mar Pollut Bull 159:111477

Sarwar GM (2005) Impacts of Sea Level Rise on the Coastal Zone 
of Bangladesh Master thesis at Lund University International 
Masters Programme in Environmental Science L U M E S Lund 
University, Sweden

Shalaby TA, Bayoumi Y, Abdalla N, Taha H, Alshaal T, Shehata S, 
El-Ramady H (2016) Nanoparticles, soils, plants and sustainable 

agriculture. Nanoscience in Food and Agriculture 1. Springer, 
Cham, pp 283–312

Shammi SA, Salam A, Khan M, Hossain A (2021) Assessment of 
heavy metal pollution in the agricultural soils, plants, and in the 
atmospheric particulate matter of a suburban industrial region in 
Dhaka Bangladesh. Environ Monit Assess 193(2):1–12

Sharif AKM, Bilkis AB, Roy S, Sikder MDH, Ali KI, Safiullah S 
(1994) Concentrations of radionuclides in coastal sediments from 
the Bay of Bengal. Sci Total Environ 158:1–8

Sharma KV, Sarvalingam BK, Marigoudar SR (2020) A review of 
mesocosm experiments on heavy metals in marine environment 
and related issues of emerging concerns. Environ Sci Pollut Res 
28:1304–1316

Shikazono N, Tatewaki K, Mohiuddin KM, Nakano T, Zakir HM 
(2012) Sources, spatial variation, and speciation of heavy metals 
in sediments of the Tamagawa River in Central Japan. Environ 
Geochem Hlth 34(1):13–26

Shil SC, Islam MS, Irin A, Tusher TR, Hoq ME (2017) Heavy Metal 
Contamination in Water and Sediments of Passur River near the 
Sundarbans Mangrove of Bangladesh. J Environ Sci Nat Resour 
10(1):15–19

Siddique MAM, Aktar (2012) Heavy metals in salt marsh sediments 
porteresia bed along the Karnafully River coast, Chittagong. Soil 
Water Res 7(3):117–123

Siddiquee NA, Parween S, Quddus MMA, Barua P (2012) Heavy 
metal pollution in sediments at ship breaking area of Bangla-
desh. Coastal Environments: Focus on Asian Regions. Springer, 
Dordrecht, pp 78–87

Siddique MAB, Khan R, Islam ARMT (2021) Quality assessment of 
freshwaters from a coastal city of southern Bangladesh: Irriga-
tion feasibility and preliminary health risks appraisal. Environ 
Nanotechnol Monit Manag 16:100512. https:// doi. org/ 10. 1016/j. 
enmm. 2021. 100524

Singh KP, Mohan D, Sinha S, Dalwani R (2004) Impact assessment 
of treated/untreated wastewater toxicants discharged by sewage 
treatment plants on health, agricultural, and environmental qual-
ity in the wastewater disposal area. Chemosphere 55(2):227–255

Singh RK, Chavan SL, Sapkale PH (2007) Heavy metal concentrations 
in water, sediments and body tissues of red worm (Tubifex spp) 
collected from natural habitats in Mumbai India. Environ Monit 
Assess 129(1–3):471–481

Sumon KA, Al Mamun M, Hoq E, Alam MW, Akhand MRI, Sattar 
MA, Faiz MA, Rashid H (2013) Bioaccumulation of heavy met-
als in aquatic Fauna collected from contaminated waters of the 
river Karnafuli in the south-east Coast of Bangladesh. 4th the 
International Conference on Environmental Aspects of Bangla-
desh, Fukuoka, Japan, E23, 117–121

Sultan K, Shazili NA (2009) Distribution and geochemical base-
lines of major, minor and trace elements in tropical topsoils 
of the Terengganu River basin Malaysia. J Geochem Explo 
103(2–3):57–68

Sultan K, Shazili NA (2010) Geochemical baselines of major, minor 
and trace elements in the tropical sediments of the Terengganu 
River basin Malaysia. Int J Sediment Res 25(4):340–354

Sultana T, Rahman M, Ali M, Ahmed ATA (2015) Bioaccumulation 
of heavy metals in some shell fishes and soil from polluted in 
Chaktai Khal of Karnafully River, Chittagong. Bangladesh J 
Zool 43(1):145–151

Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ (2012) Heavy 
metal toxicity and the environment. Molecular, clinical and envi-
ronmental toxicology. Springer, Basel, pp 133–164

TFC (2002) Turkish Food Codes, Official Gazette, 23 September, No: 
24885

Traina A, Bono G, Bonsignore M, Falco F, Giuga M, Quinci EM, Vitale 
S, Sprovieri M (2019) Heavy metals concentrations in some 
commercially key species from Sicilian coasts (Mediterranean 

67557Environmental Science and Pollution Research  (2022) 29:67532–67558

1 3

https://doi.org/10.1016/j.enmm.2021.100524
https://doi.org/10.1016/j.enmm.2021.100524


Sea): potential human health risk estimation. Ecotoxicol Environ 
Saf 168:466–478

Uddin MJ, Khanom S, Al Mamun S, Parveen Z (2015) Effects of irriga-
tion water on some vegetables around industrial areas of Dhaka 
Bangladesh. J Sci Ind Res 28(2):151–159

Uddin MR, Bhuyain RH, Ali ME, Ahsan MA (2019) Pollution and 
ecological risk evaluate for the environmentally impact on Kar-
naphuli River, Bangladesh. Int J Fish Aquat Res 4:38–48

Uddin MR, Hossain MM, Akter S, Ali ME, Ahsan MA (2020) Assess-
ment of some physicochemical parameters and determining the 
corrosive characteristics of the Karnaphuli estuarine water, Chit-
tagong Bangladesh. Water Sci 34(1):164–180

Uluturhan E, Kontas A, Can E (2011) Sediment concentrations of 
heavy metals in the Homa Lagoon (Eastern Aegean Sea): assess-
ment of contamination and ecological risks. Mar Pollut Bull 
62(9):1989–1997

Vajravelu M, Martin Y, Ayyappan S, Mayakrishnan M (2018) Seasonal 
influence of physico-chemical parameters on phytoplankton 
diversity, community structure and abundance at Parangipettai 
coastal waters, Bay of Bengal South East Coast of India. Ocea-
nologia 60(2):114–127

Varol M, Şen B (2012) Assessment of nutrient and heavy metal con-
tamination in surface water and sediments of the upper Tigris 
River, Turkey. CATENA 92:1–10

Velusamy A, Kumar PS, Ram A, Chinnadurai S (2014) Bioaccumula-
tion of heavy metals in commercially important marine fishes 
from Mumbai Harbor India. Mar Pollut Bull 81(1):218–224

Venugopal T, Giridharan L, Jayaprakash M (2009) Characterization 
and risk assessment studies of bed sediments of River Adyar-
An application of speciation study. Int J Environ Res 3:581–598

Viant MR (2008) Recent developments in environmental metabo-
lomics. Mol Biosyst 4(10):980–986

Wang P, Chen H, Kopittke PM, Zhao FJ (2019) Cadmium contamina-
tion in agricultural soils of China and the impact on food safety. 
Environ Pollut 249:1038–1048

Wang AJ, Kawser A, Xu YH, Ye X, Rani S, Chen KL (2016) Heavy 
metal accumulation during the last 30 years in the Karnaphuli 
River estuary, Chittagong, Bangladesh. Springerplus 5(1):1–14

WHO (1993) International standards for drinking water and guidelines 
for water quality. World Health Organization, Geneva

Yadav KK, Gupta N, Kumar V, Singh JK (2017) Bioremediation of 
heavy metals from contaminated sites using potential species: a 
review. Indian J Environ Prot 37(1):65

Zhong W, Zhang Y, Wu Z, Yang R, Chen X, Yang J, Zhu L (2018) 
Health risk assessment of heavy metals in freshwater fish in 
the central and eastern North China. Ecotox Environ Safe 
157:343–349

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Md.Refat Jahan Rakib1 · Md. Asrafur Rahman1 · Amarachi Paschaline Onyena2 · Rakesh Kumar3 · Aniruddha Sarker4 · 
M. Belal Hossain1,5 · Abu Reza Md. Towfiqul Islam6 · Md. Saiful Islam7 · Md. Mostafizur Rahman8 · 
Yeasmin Nahar Jolly9 · Abubakr M. Idris10,11 · Mir Mohammad Ali12 · Muhammad Bilal13 · Xian Sun14

1 Department of Fisheries and Marine Science, Faculty 
of Science, Noakhali Science and Technology University, 
Noakhali, Bangladesh

2 Department of Marine Environment and Pollution Control, 
Nigeria Maritime University Okerenkoko, Warri, Delta State, 
Nigeria

3 School of Ecology and Environment Studies, Nalanda 
University, Rajgir, 803116 Bihar, India

4 School of Applied Biosciences, College of Agriculture 
and Life Sciences, Kyungpook National University, 
Daegu 41566, Republic of Korea

5 School of Engineering and Built Environment, Griffith 
University, Brisbane, QLD, Australia

6 Department of Disaster Management, Begum Rokeya 
University, Rangpur 5400, Bangladesh

7 Department of Soil Science, Patuakhali Science 
and Technology University, Dumki, Patuakhali, Bangladesh

8 Laboratory of Environmental Health and Ecotoxicology, 
Department of Environmental Sciences, Jahangirnagar 
University, Dhaka 1342, Bangladesh

9 Atmospheric and Environmental Chemistry Laboratory, 
Chemistry Division Atomic Energy Centre, Dhaka 1000, 
Bangladesh

10 Department of Chemistry, College of Science, King Khalid 
University, Abha 62529, Saudi Arabia

11 Research Center for Advanced Materials Science (RCAMS), 
King Khalid University, Abha 62529, Saudi Arabia

12 Department of Aquaculture, Bangla Agricultural University, 
Sher-e, Dhaka-1207, Bangladesh

13 School of Life Science and Food Engineering, Huaiyin 
Institute of Technology, Huaian, China

14  Zhuhai Key Laboratory of Marine Bioresources 
and Environment, Guangdong Provincial Key Laboratory 
of Marine Resources and Coastal Engineering, 
School of Marine Sciences, Southern Marine Science 
and Engineering Guangdong Laboratory (Zhuhai), Sun 
Yat-Sen University, Guangzhou 510275, China

67558 Environmental Science and Pollution Research  (2022) 29:67532–67558

1 3


	A comprehensive review of heavy metal pollution in the coastal areas of Bangladesh: abundance, bioaccumulation, health implications, and challenges
	Abstract
	Introduction
	Methodology
	Heavy metal sources in the coastal areas
	Current scenario of HM levels in different ecosystem components of Bangladesh
	HM contamination in sediments
	Heavy metals in coastal water of Bangladesh
	Heavy metals in fishes of Bangladesh
	Heavy metals in plants

	Heavy metals and health implications
	Remediation of HM contaminations
	Challenges and perspectives
	Conclusions and recommendations
	Acknowledgements 
	References


