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ABSTRACT

Heavy Metals (HMs) released from diverse sources are washed out by the river channels and
subsequently deposited on once unpolluted floodplain soil and leads to contamination and ecological
risk in coastal areas. This study aims to asses for the first time the HMs (Pb, Cr, Cd, Hg, Zn and Ni)
content at the floodplain soil of Dakshin Bedkashi Union under Koyra Upazila, Bangladesh thus, this
study will serve as a baseline study of its kind for this area. Since the study area is adjacent to the
Sundarbans mangrove forest and minimal industrial and transportation activities that can induce HMs
pollution, the primary hypothesis was that the floodplain soil of this area will have less or no
contamination of HM. In this regard, top-soil samples were collected from both flood-prone area
(frequently flooded by tide action) and non-flood-prone area (not flooded or only flooded during major
flood events). The soil samples underwent air-drying before being digested with Aqua regia. Atomic
Absorption Spectroscopy (AAS) was employed to measure the concentration of HMs in the digested
samples. Critical indices like Pollution Load Index (PLI), Potential Ecological Risk Index (PERI), and
Contamination Factor (CF) were utilized to assess the degree of contamination. Moreover, GIS
technology aided in pinpointing the region’s most susceptible to ecological risks and contamination
caused by HMs. Overall, all the studied metals (average concentration) are within the world and Dutch
standard for agricultural soil. Surprisingly, a few parts of the area are facing a slight amount of HMs
pollution, especially for Pb. The HMs concentration indicates Zn (69.74+13.74mg/kg) has the highest
value whereas Hg (0.01+0.02mg/kg) has the lowest concentration. The order of concentration for the
other HMs was observed to be Cr > Pb > Ni > Cd. The CF model detects specific areas with elevated
level of Pb contamination, whereas Zn, Ni, Cr and Cd levels suggest no contamination by these metals.
Hence, the area has naturally occurring Zn, Ni, Cr and Cd content in the floodplain soil but some
anthropogenic contribution for Pb contamination in some parts of it has also been suspected. According
to the PERI model, the study area is at a low to moderate ecological risk level with an average index
value of 128. Besides, the GIS analysis indicates that areas near river sides are more susceptible to HMs
pollution. Based on the findings, it appears that most of the parts in this area have not yet been
contaminated by HMs and has virgin soil, hence, complying with our hypothesis while only a few parts
pose high contamination and ecological risk which can be attributed to the deposition of HMs from
non-point sources that are carried out by the river channel.

Keywords: Heavy Metal, Contamination Factor, Pollution load index, Potential ecological risk index,
Baseline study in Coastal area of Bangladesh
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1. INTRODUCTION

Toxic, poisonous, carcinogenic, non-biodegradable and persistent nature of heavy metals (HMs) have
become a center of attention in the present global perspective (Fergusson & Prucha, 1990). It is of great
concern because the accumulation of HMs in the environment can eventually transfer them into the
food chain and hinder the natural balance of both aquatic and terrestrial ecosystem (Alam et al., 2007).
HMs also demonstrate toxic and poisonous behavior and may cause serious health effects to the living
flora and fauna irrespective of their concentration (Kabata-Pendias, 2010). In addition to that, HMs
have the characteristics of biomagnifying and ending up into the higher trophic level in much larger
concentration which is a serious health risk for human beings (Morillo et al., 2002).

Heavy metals in water can either stay dissolved as ions or attach to solid particles like sediment. When
they remain dissolved, chemical interactions may change their state, causing them to form solid
compounds. When they attach to solid particles, these particles act as carriers, helping metals move
through water. Eventually, these particles settle, continuing to pollute the water or forming sediment on
the riverbed (Salomons & Forstner, 1984). Multiple studies on coastal sediment provide evidence on
the availability of HMs in a higher concentration and surfaced its effects on environment as well as
health risk to human beings with the help of pollution assessment indices (Ahmad et al., 2021; Kinuthia
et al., 2020; Mallick et al., 2019; Sadeghi et al., 2022; Tchounwou et al., 2012). In river systems, the
amounts of solid particles suspended in the water and pollutants tend to increase as the water flow
increases (Miiller, 1998). During a flooding event, pollutants that were previously stored in the channel
are rapidly mobilized and transported to the floodplain and adjacent coastal areas (Matys Grygar et al.,
2014). The process of sediment sorting in a channel, occurring during both high and low discharge
events, as well as in a floodplain during flood events, is a significant mechanism that contributes to the
swift alterations in heavy-metal concentrations observed in sedimentary sequences(Ciszewski &
Grygar, 2016). Countries like Bangladesh is in serious risk of HMs pollution as approximately 80% of
the country’s landmass is comprised of floodplain (Brammer, 1990). Studies has shown that the
floodplain topsoil of the coastal regions of Bangladesh is facing HMs pollution due to the regular events
of inundation (Arafin et al., 2023; Kibria et al., 2016; Siddique et al., 2021; Siddiquee et al., 2012).

Bangladesh is a nation situated in a deltaic area, characterized by low-lying terrain and the convergence
of three significant rivers: the Ganges, the Brahmaputra, and the Meghna and south facing funnel shaped
Bay of Bengal, making it susceptible to natural disasters, namely instances of flooding (Baten et al.,
2018). Coastal flooding and river bank breaching are recurrent phenomena in Bangladesh, with
significant consequences for the nation's geographical features and societal framework. Coastal regions
that are exposed to the vast expanse of the open ocean are inherently vulnerable to natural calamities
and have an increased propensity for soil pollution when compared with their inland equivalents. As
per the Program Development Office for Integrated Coastal Zone Management Plan (PDO-ICZMP)
report of 2003, coastlines that are exposed to the sea are subject to frequent inundation and have direct
impacts on them. The areas that have not been flooded are comparatively less affected by the open sea
and therefore have a lower probability of being contaminated. This study will be conducted on the
coastal floodplain soil of both areas which are subject to regular inundation event and which are not of
Dakshin Bedkashi Union of Koyra Upazila, Bangladesh. Koyra Upazila, according to the ICZMP is
categorised as one of the exposed and vulnerable coastal regions of Bangladesh. The geographical
location of Koyra Upazila makes it particularly vulnerable to frequent cyclones, tidal surges, inundation,
and intense precipitation events. The re-emergence of pollutants, specifically HMs, on the surface soil
can have adverse impacts on the livelihood and health of the local population.

The primary objective of this study is to assess the concentration of heavy metals in soil samples
collected from both flood-prone and non-flood-prone zones within the Dakshin Bedkashi Union of
Koyra Upazila for the very first time. Additionally, the study aims to evaluate the pollution level using
different environmental indices to better understand the impact of heavy metal contamination on the
local ecosystem.
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2. MATERIALS AND METHODS

2.1 Description of the study area

Koyra Upazila, in Khulna district, spans 1775.41 sq km, positioned between 22°12' to 22°31' north
latitudes and 89°15' to 89°26' east longitudes. It shares borders with Paikgachha Upazila to the north,
the Bay of Bengal and Sundarbans to the south, Dacope Upazila to the east, and Assasuni and
Shyamnagar Upazila to the west. Situated downstream in the Ganges Delta, it's linked with Kapotaksha
river, Sakbaria river, and the Sundarbans. Notable for its deltaic location, it benefits from the protective
role of the Sundarbans against erosion and storms. Economic activities primarily revolve around
agriculture, including rice, jute, and fruit cultivation. Fishing thrives due to its proximity to the Bay of
Bengal. Like other coastal areas, Koyra faces recurring monsoon floods and cyclonic disturbances,
owing to its river network and coastal location.

The research was conducted within the jurisdiction of the Dakshin Bedkashi Union in the Koyra Upazila
of Khulna, Bangladesh. The total population residing in Dakshin Bedkashi was recorded as 16,755
individuals, distributed across 3,881 homes (BBS, 2011). The Union is geographically bordered by
Shamnagar Upazila to the West and the Sundarban Mangrove Forest to the North, East, and South. The
indigenous population mostly engages in agricultural and aquacultural activities, with a focus on
cultivating rice during a single growing season (Naus et al., 2019). The summer season, occurring from
March to June, was marked by high temperatures. During the conclusion of the summer season, namely
in the months of April and May, the tidal river exhibited elevated levels of salinity (Bhuiyan & Dutta,
2012).
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Figure 1: Map of the study area

2.2 Sampling and Sample Preparation

A comprehensive collection of soil data was conducted throughout the Dakshin Bedkashi Union,
encompassing both flood-prone and non-flood-prone regions. A systematic methodology was employed
to collect a comprehensive set of soil samples, totaling 20 in number, with an equal distribution of ten
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samples obtained from each designated region. The samples were collected from the subsoil located
inside the root zone, namely at a depth of 5-10 cm. The collection process involved obtaining 10 samples
from locations prone to flooding and an additional 10 samples from areas not prone to flooding.

Following the collecting process, the samples were subjected to an initial air-drying period lasting
around 2-3 weeks in order to decrease their moisture content. Following that, the process of screening
using a 5-mm sieve was employed to eliminate foreign particles of greater size and provide a consistent
texture. The removal of organic debris was carried out using cleaning procedures in the laboratory,
while soil clumps were dispersed by employing mechanical screening techniques using mesh widths
ranging from 10.0 to 0.075 mm. Samples with a size above 2.0 mm were appropriately stored in plastic
bags that were clearly labelled. The meticulous procedure ensured the preservation of the samples'
integrity, hence facilitating precise analysis.

2.3 Heavy Metal Determination

Prepared soil samples were digested with aqua regia method (USEPA, 2007) that involves treating a
soil sample with a mixture of hydrochloric (HCI) and nitric (HNO3) acids in proportions of 3:1. The
nitric acid decomposes organic matter and oxidizes sulfide-based substances. Aqua regia is produced
by its reaction with concentrated hydrochloric acid: 3HCI+HNO;—2 H,O+NOCI+ClI, (Gaudino et al.,
2007). The analysis of the digested soil sample to quantify the concentration of heavy metals has been
conducted using Atomic Absorption Spectrometer (AAS) (Varian AA240 FS). The daily preparation of
the working standard solutions involved the required dilution of the corresponding 1000 mg/L stock
standard solutions (Spectropure, USA) using 1% (w/w) supra-pure grade nitric acid (Merck, Darmstadt,
Germany). The instruments for analyzing samples were used in conjunction with the validated
methodologies (using Certified Reference Material in soil-based matrix) and these methodologies were
certified on ISO/IEC 17025:2017.

2.4 Pollution Assessment Indices

2.4.1 Contamination Factor (CF)

The contamination factor (CF), is a crucial metric in determining the extent of metal pollution in soil
caused by human activity. It is a measure used to assess the extent of contamination of a particular
element (e.g., heavy metals) in a specific sample compared to a reference or background value. The
following formula can effectively quantify the metal deposits in the soil (Ahmed et al., 2016; Arafin et
al., 2023b).

E concentration

CF =
E background

Here, Econcentration represents the concentration of heavy metals in the studied region, while Ebackground
represents the background concentration of the analyzed metal. The mean geochemical baseline values
for metals within the Earth’s crust were used in this study as background values (Rahman et al., 2021;
Taylor & McLennan, 1985).

2.4.2  Pollution Load Index (PLI)

Tomlinson's pollution load index (PLI) was used to determine the existing metal pollution levels at each
site (Tomlinson et al., 1980). This index is an important tool for evaluating the environmental quality
of a particular region.

PLI = \/CF; X CF; X ........X CE,

Here CF is the contamination factor for each HMs. The evaluation of a site's quality can be done through
the use of PLI metrics (Arafin etal., 2023). Typically, a PLI value of less than one is considered optimal,
while a PLI value of one indicates the presence of contaminants in amounts equivalent to the reference
line. If the PLI value exceeds one, it is assumed that the site's quality is deteriorating.
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2.4.3 Potential Ecological Risk Index (PERI):

The assessment of the overall potential ecological risk of heavy metals in sediment was conducted
using the Potential Ecological Risk Index (PERI), which was first introduced by (Hakanson, 1980).
The PERI can be calculated as:

Ef =CFXT

Riskindex (RI) = Z Ef

Here, E}' represents the potential ecological risk for each metal which is the multiplication product of
contamination factor and biological toxic Factor (T). The biological toxic factor for Zn, Cr, Pb, Cu, and
Niare 1, 2,5, 5, and 30 respectively (Kabir et al., 2020). Table 1 provides the definition of the indexed
value.

Table 1: The range of different pollution level indicated PERI

Sel No Range Pollution Degree
1 1<RI<150 No/ Low level of pollution
2 150<RI<300 Moderate level of pollution
3 300<RI<600 Consi?)zrla;ﬁiieolr?vel of
4 600<RI High level of pollution

3. RESULT AND DISCUSSION
3.1 Heavy Metals Concentration and Spatial Distribution:

This study reveals interesting findings on HMs content and distribution at the Dakshin Bedkashi union.
The results showing in Figure 2, has marked Zn (69.74+13.67mg/kg) as the highest occurring HM while
Cd (0.26+0.21 mg/kg), Ni (4.77+1.19 mg/kg) and Hg (0.01+£0.02 mg/kg) are the lowest occurring HMs.
The concentration of Pb (22.46+£3.98 mg/kg) and Cr (26.34+4.62 mg/kg) are also relatively higher.
However, the concentration of all the HMs was within the limits of both world and Dutch standards
(Table 2) for topsoil. These finding is consistent with the findings of other studies conducted in different
parts of Bangladesh (Ahsan et al., 2009; Moslehuddin et al., 1999).

According to the spatial distribution analysis shown in Figure 3, both Zn and Ni are widely distributed
throughout the studied regions. The analysis also reveals that the southeastern region is particularly
susceptible to Pb pollution, while the north and western regions are susceptible to Cd. This high
concentration of Pb, Cr, and Cd can be attributed to the polluted river water as the studied region is
bounded by the Kapatakkhya river on both the west and east, and the Sundarbans, the world's largest
mangrove forest, on the south (Sadik. S., et al., 2017). However, only a few places indicate a high
concentration of Hg. which suggests that most of the region still has virgin soil and is free from
industrial pollution.

Table 2: Comparison of HMs concentration with different standards
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Heavy Present Study World Limit (mg/kg) Dutch Standard
Metals (average (Ahsan et al., 2009; (mg/kg) (Ahsan et
concentration EEA, 1999; Lacatusu, al., 2009; Coskun
mg/kg) 1998) et al., 2006)
Pb 22.46 35 85
Cr 26.34 70 100
Cd 0.26 0.35 0.8
Hg 0.01 - 0.3
Ni 4.77 50 35
Zn 69.74 90 140
100 - i
= 804
E
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Figure 2: Concentration of heavy metals at the studied region

Figure 3 shows a uniform distribution of Zn and Ni at the studied regions indicates anthropogenic
activity is not responsible for the occurrence of these metals. As reported by Islam et al., (2022), the
anthropogenic distribution of HMs has an uneven distribution pattern. Furthermore, the study shows
that the concentration of Zn is prevalent overall. These findings contradict with similar studies
conducted in nearby mangrove areas of Bangladesh where Ni has the highest concentration (Akter et
al., 2023; Arafin et al., 2023; Rakib et al., 2022). However, it is worth noting that other studies
conducted in the Indian part of the mangrove forest align with the findings of this study (Banerjee et
al., 2012; Kumar & Ramanathan, 2015; Rakib et al., 2022). Based on the findings of Banerjee et al.
(2012), a high concentration of Zn near mangrove areas is a strong indicator of the natural weathering
of soil materials and rapid industrial development in urban areas. This is due to the deposition of
sediments near the mangrove forest, which reinforces the link between environmental factors and

human activities.

Additionally, the study highlights that some areas near mangroves have the highest concentration of Pb
which also consist with the findings of similar studies (Adimalla et al., 2020; Harvey et al., 2017).
Research shows that human activities, particularly urban wastes, traffic, and vehicle emissions, are
leading causes of increased Pb concentrations in soil (Adimalla et al., 2019; Gao & Wang, 2018).
However, the study area does not exhibit high levels of urban and industrial activity, thus the excess Pb
can be carried out by the river water and deposited on the floodplain top-soil. Yet, further investigation
is necessary to understand the causes of the elevated Pb concentration in the soil. The lower
concentration of chromium (Cr) observed in all the studied locations suggest that the element is not
being actively released from nearby anthropogenic sources (Rakib et al., 2022), perhaps naturally
deposited with the sedimentation process.
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Figure 3: Spatial Distribution of HMs at Dakshin Bedkashi Union
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3.2 Pollution Assessment Indices

3.2.1 Contamination factors (CF) and Pollution load Index (PLI):

As numerous studies have shown, the CF value is a key indicator to distinguish between contamination
resulting from human activities and that originating from natural sources (Kabata-Pendias & Pendias,
2000; Rahmanian & Safari, 2022). Higher CF values imply a greater anthropogenic contribution, and
higher degree of contamination. Conversely, lower values indicate that soil components are naturally
occurring. To provide a detailed overview of the analysed heavy metals, Table 2 presents the
guantitative description of both CF and PLI values, as determined in this study. The findings indicate
the natural occurrence of Cr, Cd, Hg, Ni and Zn while the result for Pb is particularly concerning. The
studied regions have been found to have varying concentrations of Pb, at some points it reaches to an
alarming level that resulted in a higher CF value for Pb and eventually a higher PLI value. Previous
studies have also reported higher Pb values near mangrove (Adimalla et al., 2020; Harvey et al., 2017).
Despite of this, it is especially worrying as scientific studies have demonstrated that the high lead
content in soil can result in severe contamination in the bloodstream of young children, who are more
likely to put their hands in their mouths (Carrizales et al., 2006; Lake et al., 2021; Mielke et al., 2019).
It is shocking to learn that lead poisoning (Pb) is responsible for over a million deaths and 24.4 million
disability-adjusted life years worldwide every year (Egendorf et al., 2021). These statistics are a stark
reminder that immediate action is needed to address this critical issue.

Table 2: Quantitative description of CF and PLI for studied HMs
Pb Cr Cd Hg Ni Zn PLI

44.92 0.75 0.00 0.58 0.24 0.94 6.86

3.2.2  Potential Ecological Risk Index (PERI):

The PERI study results provide compelling evidence that the concentration of heavy metals (HMs) in
the studied regions poses no significant threat to the ecology. As shown in Figure 4, the indexed value
ranges from low to moderate levels of risk, indicating a safe environment. Interestingly, the analysis
suggests that areas adjacent to the river body have higher indexed values compared to other areas, which
further underscores the importance of maintaining vigilance in those regions.

The findings of this study are significant. They reveal that this region remains free from high levels of
contamination, unlike other areas near the mangrove forest (Arafin et al., 2023). This is due to the lower
levels of anthropogenic and industrial activity in the area, which have helped preserve the virgin soil.
As a result, the concentration of harmful metals (HMs) is lower in this region. This study's HMs
concentration measurements are crucial to establish a baseline for future studies, as there are currently
no standards for soil HMs concentration in Bangladesh. While the HMs concentration in this study does
not pose a significant threat to ecology, it is still essential to conduct continuous monitoring. This area
is located next to the mangrove forest, which is a crucial ecosystem that requires protection. Therefore,
the authority must be vigilant, as high levels of pollution can be harmful to the mangrove ecosystem.
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Figure 4: The Potential Ecological Risk analysis at Dakshin Bedkashi Union

4. CONCLUSIONS

The harmful effects of heavy metal pollution on the environment and human health cannot be
overstated. This study indicates that while the dakshin bedkashi union area is currently free from
industrial activity, the high concentration of pb suggests an increase in industrial growth in upstream
which is currently deposited in this area or vehicle activity. The amount of metal present in soil can
vary depending on the type of pollutants and their accumulation or deposition. The specific metals found
in an area can indicate the source and extent of environmental contamination, underscoring the urgent
need for action. The area's proximity to a mangrove forest, a vital ecological hotspot for biodiversity,
makes it all the more crucial to address this issue promptly. Any further increase in pb concentration
could have devastating consequences. It is imperative that the authorities act now to safeguard the
environment and protect human health.

ICCESD 2024_0297_9



7™ International Conference on Civil Engineering for Sustainable Development (ICCESD 2024), Bangladesh

ACKNOWLEDGEMENTS

Each of the authors has contributed equally to the manuscript. The authors would like to extend their
gratitude to the Analytical Chemistry Laboratory (accredited on ISO/IEC 17025), Chemistry Division,
Atomic Energy Centre Dhaka of the Bangladesh Atomic Energy Commission (BAEC) for furnishing
the necessary laboratory facilities for the purpose of conducting this study.

REFERENCES

Adimalla, N., Chen, J., & Qian, H. (2020). Spatial characteristics of heavy metal contamination and
potential human health risk assessment of urban soils: A case study from an urban region of South
India. Ecotoxicology and Environmental Safety, 194, 110406.
https://doi.org/10.1016/J.ECOENV.2020.110406

Adimalla, N., Qian, H., & Wang, H. (2019). Assessment of heavy metal (HM) contamination in
agricultural soil lands in northern Telangana, India: an approach of spatial distribution and
multivariate statistical analysis. Environmental Monitoring and Assessment, 191(4), 1-15.
https://doi.org/10.1007/S10661-019-7408-1

Ahmad, W., Alharthy, R. D., Zubair, M., Ahmed, M., Hameed, A., & Rafique, S. (2021). Toxic and
heavy metals contamination assessment in soil and water to evaluate human health risk. Scientific
Reports, 11(1), 17006. https://doi.org/10.1038/s41598-021-94616-4

Ahmed, F., Fakhruddin, A. N. M., Imam, M. D. T., Khan, N., Khan, T. A., Rahman, M. M., & Abdullah,
A.T. M. (2016). Spatial distribution and source identification of heavy metal pollution in roadside
surface soil: a study of Dhaka Aricha highway, Bangladesh. Ecological Processes, 5(1), 1-16.
https://doi.org/10.1186/S13717-016-0045-5

Ahsan, D. A., DelValls, T. A., & Blasco, J. (2009). Distribution of arsenic and trace metals in the
floodplain agricultural soil of Bangladesh. Bulletin of Environmental Contamination and
Toxicology, 82(1), 11-15. https://doi.org/10.1007/S00128-008-9502-X

Akter, M., Kabir, M. H., Alam, M. A., Al Mashuk, H., Rahman, M. M., Alam, M. S., Brodie, G., Islam,
S. M. M., Gaihre, Y. K., & Rahman, G. K. M. M. (2023). Geospatial Visualization and Ecological
Risk Assessment of Heavy Metals in Rice Soil of a Newly Developed Industrial Zone in
Bangladesh. Sustainability 2023,  Vol. 15, Page 7208, 15(9), 7208.
https://doi.org/10.3390/SU15097208

Alam, Md. J. B., Islam, M. R., Muyen, Z., Mamun, M., & Islam, S. (2007). Water quality parameters
along rivers. International Journal of Environmental Science & Technology, 4(1), 159-167.
https://doi.org/10.1007/BF03325974

Arafin, Sk. A. K., Meraz, M. M., Abdo, H. G., Sobuz, Md. H. R., Meraz, M. M., Abedin, Md. J.,
Ferdous, J., Hoque, A. K. M. F., Almohamad, H., Dughairi, A. A. Al, & Albanai, J. A. (2023).
Soil contamination and health risk assessment at coastal Upazilas of the Bangladesh: a case study.
Environmental Pollutants and Bioavailability, 35(1), 423-436.
https://doi.org/10.1080/26395940.2023.2253996

Banerjee, K., Senthilkumar, B., Purvaja, R., & Ramesh, R. (2012). Sedimentation and trace metal
distribution in selected locations of Sundarbans mangroves and Hooghly estuary, Northeast coast
of India. Environmental Geochemistry and Health, 34(1), 27-42. https://doi.org/10.1007/S10653-
011-9388-0

Bhuiyan, Md. J. A. N., & Dutta, D. (2012). Assessing impacts of sea level rise on river salinity in the
Gorai river network, Bangladesh. Estuarine, Coastal and Shelf Science, 96, 219-227.
https://doi.org/10.1016/j.ecss.2011.11.005

Brammer, H. (1990). Floods in Bangladesh: Geographical Background to the 1987 and 1988 Floods.
The Geographical Journal, 156(1), 12. https://doi.org/10.2307/635431

Carrizales, L., Razo, I., Téllez-Hernandez, J. |., Torres-Nerio, R., Torres, A., Batres, L. E., Cubillas, A.
C., & Diaz-Barriga, F. (2006). Exposure to arsenic and lead of children living near a copper-
smelter in San Luis Potosi, Mexico: Importance of soil contamination for exposure of children.
Environmental Research, 101(1), 1-10. https://doi.org/10.1016/J.ENVRES.2005.07.010

ICCESD 2024_0297_10



7™ International Conference on Civil Engineering for Sustainable Development (ICCESD 2024), Bangladesh

Ciszewski, D., & Grygar, T. M. (2016). A Review of Flood-Related Storage and Remobilization of
Heavy Metal Pollutants in River Systems. Water, Air, & Soil Pollution, 227(7), 239.
https://doi.org/10.1007/s11270-016-2934-8

Coskun, M., Steinnes, E., Frontasyeva, M. V., Sjobakk, T. E., & Demkina, S. (2006). Heavy metal
pollution of surface soil in the thrace region, Turkey. Environmental Monitoring and Assessment,
119(1-3), 545-556. https://doi.org/10.1007/S10661-005-9042-3/METRICS

Egendorf, S. P., Mielke, H. W., Castorena-Gonzalez, J. A., Powell, E. T., & Gonzales, C. R. (2021).
Soil Lead (Pb) in New Orleans: A Spatiotemporal and Racial Analysis. International Journal of
Environmental Research and Public Health 2021, Vol. 18, Page 1314, 18(3), 1314.
https://doi.org/10.3390/IJERPH18031314

Fergusson, J. E., & Prucha, F. P. (1990). The heavy elements: chemistry, environmental impact and
health effects. (Vol. 614). Oxford: Pergamon Press.

Gao, J., & Wang, L. (2018). Ecological and human health risk assessments in the context of soil heavy
metal pollution in a typical industrial area of Shanghai, China. Environmental Science and
Pollution Research, 25(27), 27090-27105. https://doi.org/10.1007/S11356-018-2705-8

Gaudino, S., Galas, C., Belli, M., Barbizzi, S., de Zorzi, P., Ja¢imovi¢, R., Jeran, Z., Pati, A., & Sansone,
U. (2007). The role of different soil sample digestion methods on trace elements analysis: a
comparison of ICP-MS and INAA measurement results. Accreditation and Quality Assurance,
12(2), 84-93. https://doi.org/10.1007/s00769-006-0238-1

Hakanson, L. (1980). An ecological risk index for aquatic pollution control.a sedimentological
approach. Water Research, 14(8), 975-1001. https://doi.org/10.1016/0043-1354(80)90143-8

Harvey, P. J., Rouillon, M., Dong, C., Ettler, V., Handley, H. K., Taylor, M. P., Tyson, E., Tennant, P.,
Telfer, V., & Trinh, R. (2017). Geochemical sources, forms and phases of soil contamination in
an industrial city. Science of The Total Environment, 584-585, 505-514.
https://doi.org/10.1016/J.SCITOTENV.2017.01.053

Islam, M. M., Akther, S. M., Hossain, M. F., & Parveen, Z. (2022). Spatial distribution and ecological
risk assessment of potentially toxic metals in the Sundarbans mangrove soils of Bangladesh.
Scientific Reports 2022 12:1, 12(1), 1-14. https://doi.org/10.1038/s41598-022-13609-z

Kabata-Pendias, A. (2010). Trace elements in soils and plants. CRC press.

Kabata-Pendias, A., & Pendias, H. (2000). Trace Elements in Soils and Plants: Third Edition. Trace
Elements in Soils and Plants: Third Edition, 1-414.
https://doi.org/10.1201/9781420039900/TRACE-ELEMENTS-SOILS-PLANTS-ALINA-
KABATA-PENDIAS

Kabir, M. H., Islam, M. S., Hog, M. E., Tusher, T. R., & Islam, M. S. (2020). Appraisal of heavy metal
contamination in sediments of the Shitalakhya River in Bangladesh using pollution indices, geo-
spatial, and multivariate statistical analysis. Arabian Journal of Geosciences, 13(21), 1-13.
https://doi.org/10.1007/S12517-020-06072-5/TABLES/7

Kibria, G., Hossain, M. M., Mallick, D., Lau, T. C., & Wu, R. (2016). Trace/heavy metal pollution
monitoring in estuary and coastal area of Bay of Bengal, Bangladesh and implicated impacts.
Marine Pollution Bulletin, 105(1), 393-402. https://doi.org/10.1016/j.marpolbul.2016.02.021

Kinuthia, G. K., Ngure, V., Beti, D., Lugalia, R., Wangila, A., & Kamau, L. (2020). Levels of heavy
metals in wastewater and soil samples from open drainage channels in Nairobi, Kenya: community
health implication. Scientific Reports, 10(1), 8434. https://doi.org/10.1038/s41598-020-65359-5

Kumar, A., & Ramanathan, A. L. (2015). Speciation of selected trace metals (Fe, Mn, Cu and Zn) with
depth in the sediments of Sundarban mangroves: India and Bangladesh. Journal of Soils and
Sediments, 15(12), 2476-2486. https://doi.org/10.1007/511368-015-1257-5

Lake, L. M., Basta, N. T., & Barker, D. J. (2021). Modifying Effect of Soil Properties on Bio-
Accessibility of As and Pb from Human Ingestion of Contaminated Soil. Geosciences 2021, Vol.
11, Page 126, 11(3), 126. https://doi.org/10.3390/GEOSCIENCES11030126

Mallick, S. R., Proshad, R., Islam, M. S., Sayeed, A., Uddin, M., Gao, J., & Zhang, D. (2019). Heavy
metals toxicity of surface soils near industrial vicinity: A study on soil contamination in
Bangladesh. Archives of Agriculture and Environmental Science, 4(4), 356-368.
https://doi.org/10.26832/24566632.2019.040401

Matys Grygar, T., Elznicova, J., Babek, O., Hosek, M., Engel, Z., & Kiss, T. (2014). Obtaining
isochrones from pollution signals in a fluvial sediment record: A case study in a uranium-polluted

ICCESD 2024_0297_11



7™ International Conference on Civil Engineering for Sustainable Development (ICCESD 2024), Bangladesh

floodplain of the Plouénice River, Czech Republic. Applied Geochemistry, 48, 1-15.
https://doi.org/10.1016/j.apgeochem.2014.06.021

Mielke, H. W., Gonzales, C. R., Powell, E. T., Laidlaw, M. A. S., Berry, K. J., Mielke, P. W., &
Egendorf, S. P. (2019). The concurrent decline of soil lead and children’s blood lead in New
Orleans. Proceedings of the National Academy of Sciences of the United States of America,
116(44), 22058-22064.
https://doi.org/10.1073/PNAS.1906092116/SUPPL_FILE/PNAS.1906092116.SD01.XLSX

Morillo, J., Usero, J., & Gracia, I. (2002). Partitioning of metals in sediments from the Odiel River
(Spain).  Environment International, 28(4), 263-271. https://doi.org/10.1016/S0160-
4120(02)00033-8

Moslehuddin, A. Z. M., Laizoo, S., & Egashira, K. (1999). Trace elements in Bangladesh paddy soils.
Communications in  Soil Science and Plant Analysis, 30(13-14), 1975-1996.
https://doi.org/10.1080/00103629909370347

Miller, A. (1998). The flood in the Oder River 1997 — impact on water quality. Deutsche
Hydrographische Zeitschrift, 50(2—-3), 245-251. https://doi.org/10.1007/BF02764490

Naus, F. L., Schot, P., Ahmed, K. M., & Griffioen, J. (2019). Influence of landscape features on the
large variation of shallow groundwater salinity in southwestern Bangladesh. Journal of Hydrology
X, 5, 100043. https://doi.org/10.1016/j.hydroa.2019.100043

Rahman, M. S., Kumar, P., Ullah, M., Jolly, Y. N., Akhter, S., Kabir, J., Begum, B. A., & Salam, A.
(2021). Elemental analysis in surface soil and dust of roadside academic institutions in Dhaka city,
Bangladesh and their impact on human health. Environmental Chemistry and Ecotoxicology, 3,
197-208. https://doi.org/10.1016/J.ENCECO0.2021.06.001

Rahmanian, M., & Safari, Y. (2022). Contamination factor and pollution load index to estimate source
apportionment of selected heavy metals in soils around a cement factory, SW lIran. Archives of
Agronomy and Soil Science, 68(7), 903-913. https://doi.org/10.1080/03650340.2020.1861252

Rakib, Md. R. J., Hossain, M. B., Kumar, R., Ullah, Md. A., Al Nahian, S., Rima, N. N., Choudhury,
T. R, Liba, S. I, Yu, J., Khandaker, M. U., Sulieman, A., & Sayed, M. M. (2022). Spatial
distribution and risk assessments due to the microplastics pollution in sediments of Karnaphuli
River Estuary, Bangladesh. Scientific Reports, 12(1), 8581. https://doi.org/10.1038/s41598-022-
12296-0

S, B. B. (2011). Population and housing census 2011. In Dhaka.

Sadeghi, H., Fazlzadeh, M., Zarei, A., Mahvi, A. H., & Nazmara, S. (2022). Spatial distribution and
contamination of heavy metals in surface water, groundwater and topsoil surrounding Moghan’s
tannery site in Ardabil, Iran. International Journal of Environmental Analytical Chemistry,
102(5), 1049-1059. https://doi.org/10.1080/03067319.2020.1730342

Salomons, W., & Forstner, U. (1984). Metals in the Hydrocycle. Springer Berlin Heidelberg.
https://doi.org/10.1007/978-3-642-69325-0

Shibly SADIK, M., Nakagawa, H., Rezaur RAHMAN, M., Shaw, R., Kawaike, K., Fujita, K., & Tariqul
ISLAM, S. M. (2017). Systematic Study of Cyclone Aila Recovery Efforts in Koyra, Bangladesh
Highlighting the Possible Contribution to Vulnerability Reduction. J. JSNDS, 36.

Siddique, M. A. M., Rahman, M., Arifur Rahman, S. Md., Hassan, Md. R., Fardous, Z., Zaman
Chowdhury, M. A., & Hossain, M. B. (2021). Assessment of heavy metal contamination in the
surficial sediments from the lower Meghna River estuary, Noakhali coast, Bangladesh.
International Journal of Sediment Research, 36(3), 384-391.
https://doi.org/10.1016/j.ijsrc.2020.10.010

Siddiquee, N. A., Parween, S., Quddus, M. M. A., & Barua, P. (2012). Heavy Metal Pollution in
Sediments at Ship Breaking Area of Bangladesh. In Coastal Environments: Focus on Asian
Regions (pp. 78-87). Springer Netherlands. https://doi.org/10.1007/978-90-481-3002-3_6

Taylor, S. R., & McLennan, S. M. (1985). The continental crust: Its composition and evolution. Oxford.

Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K., & Sutton, D. J. (2012). Heavy Metal Toxicity and the
Environment (pp. 133-164). https://doi.org/10.1007/978-3-7643-8340-4_6

Tomlinson, D. L., Wilson, J. G., Harris, C. R., & Jeffrey, D. W. (1980). Problems in the assessment of
heavy-metal levels in estuaries and the formation of a pollution index. Helgolander
Meeresuntersuchungen, 33(1-4), 566-575. https://doi.org/10.1007/BF02414780/METRICS

ICCESD 2024_0297_12



