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ABSTRACT
The present study analyzed soil samples from flood-prone Unions in two Coastal Upazilas of 
Bangladesh using Proton Induced X-Ray Emission (PIXE) techniques with Van de Graaff 
Accelerator for detecting heavy trace elements and Gamma spectrometry techniques. The 
findings indicate that while Potassium (averaging 19,62 μg/g for Sutarkhali; 21364.67 μg/g for 
Amtoli) and Calcium (averaging 36,923.92 μg/g for Sutarkhali; 30404.33 μg/g for Amtoli) levels 
were high naturally, the levels of Lead (averaging 71.8 μg/g for Sutarkhali; 171.44 μg/g for 
Amtoli), and Chromium (averaging 6.87 μg/g for Sutarkhali; 340.22 μg/g for Amtoli) were 
posing a serious risk to the inhabitants. The evaluation contamination factor (CF), pollution 
load index (PLI), potential ecological risk index (ERI) and health risk assessment indicate severe 
heavy metal pollution in both regions, with young children being particularly vulnerable to 
lead poisoning. Nonetheless, the radiation levels were below the safe limit set by the 
International Atomic Energy Agency (IAEA).
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1. Introduction

Recent increasing rates of industrialization and urbani-
zation are considered as the one of the main causes for 
the increase of environmental toxins observed in the 
globe’s environment at the present time [1]. Heavy 
metals (HMs) are regarded as the most dangerous of 
these pollutants due to the fact that they cannot be 
degraded by biological processes and have been 
found to have detrimental physiological effects on 
living organisms even when present in minute levels 
[2]. Due to excessive use of fertilizers and chemicals in 
agriculture, industrialization at the upstream waste 
materials are often drained into river water [3]. After 
entering a river system, HMs have the potential to be 
disseminated between the aqueous system and bed 
sediments by leaching, absorption and infiltration, 
where they then aggregate in sediment and biota. 
Industrial waste from various sources also mixes with 
water, and both cases lead to HMs contamination in 
soil during flooding caused by sea or river water. In 
recent time, multiple studies have demonstrated the 
significance of coastal contamination with HMs all over 
the world [3–5]. Elevated concentrations of HMs in 
sediment and water, can be transferred into 

vegetation, animals, and even humans. For this phe-
nomenon, many scientists are interested in assessing 
the dispersion of HMs in various environmental com-
ponents [4,6,7]. Additionally, research has revealed 
flooding as a key source of HMs pollution in surround-
ing catchment areas [8,9]. Erosion, accumulation, and 
the reworking of sediment all play a role in the storage 
of sediment-associated HMs in a channel. Researchers 
have also found that, despite the reduction of flood 
conditions, HMs concentration can remain elevated 
[10,11]. This condition poses a significant risk to many 
coastal nations, especially Bangladesh, where flooding 
is a frequent and unavoidable occurrence [12,13].

Natural gamma radiation from terrestrial or environ-
mental sources is also a significant concern for envir-
onmental safety as well as human health [14]. 
Significant amounts of natural radiation are absorbed 
by soil and sediment, and this radiation can be trans-
ferred up the food chain, posing substantial health 
risks [15]. However, guidelines have been published 
by the International Atomic Energy Agency and the 
Environmental Protection Agency of the United 
States to monitor natural radiation exposure (IAEA 
Safety Standards Series No. GSR Part 3 2014). 
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Estimating the radiation-dose distribution is crucial for 
assessing the health risks to the population, and it can 
serve as a reference for measuring changes in environ-
mental radioactivity due to anthropogenic activ-
ities [16].

With a population density of 1,278 people per 
square kilometer, Bangladesh is highly populated [17]. 
In recent years, there has been a rise in the number of 
reported cases of poisoning in Bangladesh caused by 
exposure to heavy metals and metalloids [18]. The 
majority of Bangladesh’s ecosystems, including agricul-
tural land, foods, suburban soil, and rivers, all contain 
high levels of harmful metals and metalloids (HMs) 
(M. K [19–22]. There have been reports of high levels 
of HMs being found in a variety of agricultural goods, 
including rice, vegetables, fruits, and seafood [23]. 
According to a study that was published by [24], the 
sediments that are carried by the rivers of Bangladesh 
are considerably polluted with HMs. Even groundwater 
in the nation’s coastal region is contaminated by HMs 
[25]. The coastline of the Bay of Bengal is subject to tidal 
fluctuations in water levels that can be felt up to 
150 km away from the coast. The major rivers and 
smaller streams account for the majority of the pollu-
tion that is found in virtually all of the countries which 
are located around the Bay of Bengal’s coastline. In 
addition, sewage has a substantial impact on the 
coastal waterways of the Bay of Bangel, an effect that 
is exacerbated by the lack of economic activity in 
coastal states. Because of this, the rivers that are 
found along the shore, particularly Matamuhuri, 
Bakkahali, Karnophuli, Sangu, Pasur, and Rupsha, are 
regarded to be among the most polluted rivers in the 
country [26–30]. Due to cheap and facile settlements, 
coastal businesses appear to discharge waste directly 
into rivers, estuaries and the sea with negligible or no 
treatment at all. This problem becomes severe during 
flood events when the soil is flooded by these river 
water that contain and deposit HMs in the sediment 
which have the capacity to transfer them to 
humans [31].

This study therefore aims to investigate the health 
risks associated with terrestrial gamma radiation and 
HMs pollution in two particularly exposed unions 
along the coast of Bangladesh.

2. Description of study area

The investigation was carried out in two coastal districts 
of Bangladesh, Khulna and Barguna, specifically in the 
Sutarkhali Union at Dacope Upazila, Khulna, and the 
Amtoli Union at Amtoli Upazila, Barguna. These areas 
have been frequently flooded by sea water due to nat-
ural disasters like Sidor, Aila, and Amphan. The map of 
these two Unions, respectively, is shown in Figure 1.

The coastline of Khulna is notoriously vulnerable 
to natural disasters such as cyclones and tidal 
surges originating in the Bay of Bengal. Due to its 
geographical location, Dacope Upazila is one of the 
locations along the coast of Khulna that is most 
vulnerable to floods [12]. During a cyclone, the 
wind speed along the shore can reach 240 kmh−1, 
accompanied by heavy rainfall and tidal surges of 
up to 6–7 m [32]. Since 1970, 36 cyclones have 
struck the country, causing over 450,000 deaths 
and a massive economic loss [33]. The Dacope 
Upazila encompasses a total area of 991.56 square 
kilometers, of which 210.87 square kilometers are 
designated as river area [34]. The river beds and 
waterways of the Upazila are progressively silting 
up and losing its capacity for navigational, drainage, 
and water retention in wet places as a result of 
huge sediment loads that are carried downstream 
from upstream by rivers. As a consequence of this, 
flooding takes place in the downstream shallow 
lowland of the study region in the Khulna District 
during the monsoon season when the water level 
of the Ganges reaches the danger level as a result 
of excessive rainfall upstream. It causes loss of life, 
livelihoods, and misery; furthermore, it damages 
crops, homes, and infrastructure [32]. Sutarkhali 
Union is located at the base of Dacope Upazila, 
near to the Sundarbans. It is one of the most sus-
ceptible unions to the detrimental impacts of cli-
mate change [35]. Sutarkhali union covers 47.55 
square kilometers and has a total population of 
30,430, of which 15,663 are male and 14,740 are 
female [36].

According to the BBS report, Amtoli Upazila has 
a total area of 720.75 square kilometers, of which 
129.81 square kilometers are riverine land. This upazila 
has a population of 2,70802 individuals. This area is 
situated in a portion of Bangladesh that is particularly 
prone to natural disasters due to its location on the 
country’s southern coast. This upazila is being situated 
between the coordinates of 21°51′ N and 22°18′ N, and 
90°00′ E and 90°23′ E. Galachipa and Kalapara upazilas 
to the east; Patuakhali sadar to the north; the Bay of 
Bengal to the south. The Amtoli union is regarded as 
the commercial district of this upazila. Previous 
research indicated that Amtoli Upazila in the Barguna 
district is frequently afflicted by natural calamities 
including cyclones, storm surges, tidal flooding, and 
salt water intrusion, among others [37–39]. The 
research area is situated in a portion of Bangladesh 
that is particularly prone to natural disasters due to its 
location on the country’s southern coast. Study con-
ducted by [31,40] reveals that this area is highly con-
taminated by HMs and even children in this region is 
exposed to this HMs contamination.
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3. Methods and materials

3.1. Sample collection and preparation

Twenty-one soil samples were obtained from various 
locations of Amtoli Union, Amtoli, Barguna and 
Sutarkhali Union, Dacope, Khulna, which were inun-
dated by flooding due to the tide of different natural 
disasters. Twelve samples were collected from 
Sutarkhali Union, Dacope Upazila, Khulna, and nine 
samples were collected from Amtoli Union, Amtoli 
Upazila, Barguna. Soil samples were collected from 
depths ranging from 5 to 20 cm to prevent fresh soil 
surface and dust accumulation and guarantee the soil 
was appropriate for agricultural use. Considerable 
amounts of soil were collected from each location to 
ensure soil homogeneity. Figure 1 represents the soil 
sampling location for each union. All laboratory work 
was conducted at Atomic Energy Center Dhaka’s 
Experimental Facilities (AECD).

3.1.1. Preparation of samples for PIXE analysis
To find level of HMs in soil, samples of powdered soil 
were compressed at a force of 250 kg/cm2 using 
a compression machine to produce pellets (0.2 g) mea-
suring 7 mm in diameter and 1 mm in thickness. For 
heavy metal detection through Van de Graaff accelera-
tor, the PIXE facilities were upgraded by IAEA TC 
Project at AECD. A 170 µm of Mylar absorber has 

been used to save the detector from high level of 
X-rays. A spectroscopy amplifier and an MCA were 
used in data acquisition setup. Charges were collected 
by Faraday Cup, set behind the sample wheeler and 
connected through a copper spring. To establish accu-
racy, the measured values were compared against 
thick soil standards known as Soil-7 and SRM 2586, 
provided by NIST to make pellets of similar dimension 
for onward irradiation by 3 MV Van de Graaff accelera-
tor. The density of heavy metal was determined by 
analyzing X-ray spectra obtained. The PIXE experi-
ments employ a Si (Li) detector in conjunction with 
other circuitries utilizes MAESTRO-32 version 6.05 and 
GUPIX/DAN-32 software. The data acquisition process 
carried out using both the MAESTRO-32 PIXE program 
and the Guelph GUPIX PIXE program, with the inter-
face of DAN32 software. 3.1.2 Preparation of Samples 
for γ-Ray Spectrometry Analysis:

The soil samples were placed in cylindrical plastic 
containers with a geometry of 346 cm3 each (7 cm in 
diameter and 9 cm in height). Shaking the samples 
of soil in each container by hand allowed the pow-
ders to settle uniformly. Using a digital electronic 
balance, the mass of the blank plastic container 
was determined, and then the sample was added 
to the container and the entire weight was deter-
mined. The sample’s net weight was calculated by 
deducting the mass of the vacant containers from 

Figure 1. Study area location (map created by author, 2023).

ENVIRONMENTAL POLLUTANTS & BIOAVAILABILITY 425



the weight of the container containing the sample. 
In order to avoid the samples from coming into 
contact with air, the specimen containers were 
then carefully sealed and secured with vinyl tapes 
that were 1-in. thick all the way around the screw 
necks. Gamma measurements were conducted using 
an HPGe detector with an active volume of 132 cc, 
which was supplied by Oxford Instruments Inc. 
Nuclear Measurement Group (Model No. CPVDS 
30–30185 and Serial No. 2604). Gamma-ray spectra 
were acquired, displayed, and analyzed using the 
commercial program EMCAPLUS version 1.012 
(Supplied by Silena, Germany). To establish 
a reliable efficiency vs. energy curve for the HPGe 
gamma-ray detector, measurements were taken 
using known activity levels of uranium standard 
reference materials (RGU-1), thorium standard refer-
ence materials (RGTh-1), and potassium standard 
reference materials (RGK-1) provided by the IAEA, 
Vienna [41].

Pollution assessment

In this study, contamination factors, pollution load 
indexes and ecological risk index were utilized to 
assess the extent of which HMs in the soil contribute 
to environmental pollution and to quantify the overall 
level of pollution on a specific union [42,43]

3.1.3. Contamination Factor (CF)
The contamination factor, often known as CF, can 
be calculated using the following formula. This 
represents the amount of metals introduced to 
the soil as a result of human activity [44]. The CF 
assesses the quality of soil and identifies any harm-
ful chemicals present. It takes into account both 
the soil surface metal content and the preindustrial 
reference level or background environment values. 
The CF was estimated using the following formula: 

CF ¼
Cmetal

Cbackground
(1) 

where Cmetal is the concentration of the HMs at 
the studied area and Cbackground indicates the back-
ground concentration for the analyzed metal. As the 
background value for the metal, the mean geo-
chemical baseline values for metals with in earth’s 
crust was utilized [43,45]. The CF was divided into 
four categories: (i) if CF value is less than 1 repre-
sents little contamination, (ii) if CF value is between 
1 and 3 suggests moderate contamination, (iii) if CF 
value is between the range of 3 and 6 denotes 
substantial contamination, and (iv) if CF has higher 
value than 6 denotes significant degree of contam-
ination [46]

3.1.4. Pollution load index (PLI)
The pollution load index (PLI), which was developed by 
Tomlinson [47], was applied to each site in order to 
estimate the amount of the metal pollution level that 
was already present. PLI assists to the evaluation of the 
environmental quality of any particular region [48,49]. 
This was done with the help of the following equation: 

PLI ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CF1 � CF2 � . . . . . . ::� CFn

n
p

(2) 

Where CF obtained with the instructions given in the 
previous equation and n represents the total number of 
metals examined. The PLI gives a proper set of metrics 
for assessing the quality of a site [50]. In general, (i) a PLI 
less than one is regarded as ideal, (ii) a PLI equal to one is 
believed to show that just the reference line amounts of 
contaminants are present, and (iii) a PLI more than one is 
believed to suggest that the site’s quality is degrading.

3.1.5. Potential ecological risk index (ERI)
The potential ecological risk index (ERI) was used to 
assess the comprehensive potential ecological risk of 
heavy metals in sediment and was initially introduced 
by [42]. The potential ecological risk factor of a given 
metal is defined as 

Ei
r ¼ Ci

f � Ti
f (3) 

RiskIndex ¼
Xn

i

Ei
r (4) 

Here, the potential ecological risk of HMs is denoted 
by, Ei

r ., the accumulating coefficient of HMs is denoted 
by, Ci

f , and the toxic response factor of HMs is denoted 
by, Ti

f . Zn, Cr, Pb, Cu, and Ni have. values of 1, 2, 5, 5, 
and 30, respectively, in this research (M. S [18,51].

3.2. Health risk assessment

Human health risk assessment is a method for evaluat-
ing the possible adverse health effects of exposure to 
carcinogenic and noncancerous chemicals [52]. The 
risk evaluation method includes four stages: hazard 
adjustment, exposure evaluation, toxic effects (dose- 
response) evaluation, and risk identification using 
USEPA model [53]. For the study of the exposures of 
adults and children to hazardous soil elements, the US 
Environmental Protection Agency’s [54] and the Dutch 
National Institute of Public Health and the 
Environment’s [55] health risk assessment models 
were used to explain recommendations or testing 
levels of toxins in soil samples in exposure scenarios. 
In this investigation, the elements Ni, Cr, Cu, Mn, Zn, 
Hg, and Pb were identified as potential community 
hazards.
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3.2.1. Exposure assessment
An exposure assessment’s purpose is to provide an 
evaluation or estimate of the magnitude, frequency, 
and length of human exposed to environmental toxins. 
In this study, the normal daily dosage (D) of HMs 
received by adults and children by ingestion 
(Equation (3)), inhalation (Equation (3)), and cutaneous 
absorption (Equation (5)) was determined. Due to their 
social and physiological differences, adults and chil-
dren are separated from each other [43,56,57].  

Ding ¼ C �
ingR� ED� EF

BW � AT
� 10� 6 (5) 

Dinh ¼ C �
inhR� ED� EF
PEF � BW � AT

(6) 

Ddermal ¼ C �
ABS� SA� SL� ED� EF

BW � AT
� 10� 6 (7) 

Here, C represents the amounts of HMs in the soil 
samples (exposure-point concentration), including the 
exposure parameters used to determine the ‘sensible 
most severe exposure’ [55], and InhR is the inhalation 
rate [55], IngR is the ingestion rate [52], ED is the 
exposure duration in years [52], EF is the exposure 
frequency in days/year [52], BW is the individual’s 
body weight in kilograms [52,54], CR is the contact or 
adsorption rate, and PEF is the particle discharge factor 
in m3/kg [52], SA and SL are skin area exposed and skin 
adherence factor, respectively, [52], and ABS is the 
dermal absorption factor [58].

3.2.2. Hazard Index (HI)
The term ‘no-carcinogenic risk’ refers to the HI. It is 
a measure that incorporates the overall contribution 
that is provided by doses received via skin contact, 
inhalation, and ingestion consumption. The following 
equations (6) and (7) define a Hazard Index (HI), which 
is the total of hazard quotients (HQs) for all paths and 
similar hazardous effects. The HI can be determined by 
the following equation [43,53]:  

HQ ¼
Ding

RfD

� �

Ingestion
þ

Dinh

RfD

� �

Inhalation

þ
Ddermal

RfD

� �

Dermal
(8) 

HI ¼
Xn

i

HQIngestion þ
Xn

i

HQInhalation þ
Xn

i

HQDermal

(9) 

Here, RfD is the relevant reference dosage of the 
analyzed elements and Di is the element’s dose. 
Afterwards, the ratios between the dosage of 
I element and the corresponding reference dose (Di/ 
RfD) is known as the hazard quotient (HQ) or non- 
cancer risk. The HI is utilized to measure the risk asso-
ciated with ingestion, inhalation, and dermal exposure 

to an element. According to the USEPA, HI ≤ 1 implies 
that there are no adverse health impacts, however HI  
> 1 suggests that harmful health effects are probable 
[53]. Using the reference dosage values for ingestion, 
inhalation, and skin contact, the values of HI were 
calculated [43].

4. Result and discussion

4.1. HMs concentration

This study’s primary purpose was to discover the levels 
of HMs, including Cu, Ni, Zn, Pb and Hg, and estimate 
their concentrations in places flooded by natural disas-
ters such as Sidor, Aila, and Amphan. Some produced 
pellets of the samples analyzed and Standard Reference 
Materials, such as SRM 2586 and Soil-7, were irradiated 
with a 2.2–2.5 MeV proton beam at the 3 MV Van de 
Graaff Accelerator to determine the elemental content. 
Each sample was individually irradiated, and the x-rays 
emitted during the irradiation procedure were counted 
using a high-resolution Si (Li) detector equipped with 
the required electronics. The resulting x-ray spectra 
were analyzed using GUPIXWIN for materials irradiated 
by a tandem accelerator and Maestro-32 with GUPIX/ 
DAN 32 for Van-Graaff Accelerator samples. For the 
accelerator, quality control (QC) checks on the measure-
ments were also performed.

There were 12 soil samples collected from the 
Sutarkhali Union, whereas 9 soil samples were gath-
ered from the Amtoli Union. It has been discovered 
that potassium (K), calcium (Ca), and iron (Fe) are the 
most prevalent components in both unions (shown in 
Figures 2 and 3). These phenomena can be explained 
as these metals are prevalent in nature, also other 
studies carried out in the surrounding areas showed 
identical findings [59–61].

On the other hand, Hg and Pb are displayed at lowest 
concentration compared with other metals. The Ni con-
centration at the Sutarkhali union ranges between 213 
and 611 µg/g, whereas at Amtoli union it has a relatively 
low concentration ranging between 163 and 312 µg/g. 
In contrast, the range of copper concentration at Amtoli 
union (ranges between 157 and 1264 µg/g) is signifi-
cantly greater than that of Sutarkhali union (381 to 247  
µg/g). However, the Zn concentration ranges between 
158 and 461 µg/g (Sutarkhali Union) and 8 and 179 µg/g 
(Amtoli Union). As these elements are the result of 
anthropogenic activity, relative low concentration is 
expected (M. S [59; 61]).

4.2. Spatial distribution

The spatial distribution of metal concentrations 
reveals that the largest concentrations are often 
found in locations adjacent to rivers (Figure 4). 
Figure 1 indicates that the Sutarkhali union includes 
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rivers that flow both east and west. In the majority of 
the cases, the lowest concentration is observed in the 
union’s central or top region. Regardless, the distri-
bution of Ca reveals an uncommon instance in which 
the upper portion of the union has the largest con-
centration. The content and distribution of all the 
other metals indicate that the river adjacent soil is 
highly polluted.

As depicted in Figure 1, in the case of the Amtoli 
Union, the river flows through a location that is nearly 
in the center of this union. In contrast to the Sutarkhali 
union, the Amtoli union has an embankment that effec-
tively restricts the amount of water that infiltrates the 
union. Despite this, the riverbank has the highest con-
centration of the elements Fe, Cr, Ca, Mn, and K. As 
illustrated in Figure 5, the distribution and concentration 
of other metals, including Pb, Zn, Ti, and Hg, indicate that 
human activity, such as agricultural pesticide application 
and transportation, is the predominant source of this 
contamination. Human activities such as metallurgical 
extraction (As, Ni, Zn, Cd, Cu, Pb), smelters (As, Cd, Pb), 
metallurgy, the electronic industry (which uses HMs in 
batteries, semiconductors, and circuitry), rolling (Ni, Cd, 
Pb, Hg, Se), the dyes and paint industry (Pb, Cr, As, Se, Mo, 
Cd, Co, Ba, Zn), and the plastics industry (As, Cr and Cu). 
These components were frequently detected as soil and 
water contaminants in the area of furniture companies 
and wood-processing [62–65]. 

4.3. Pollution assessment

Table 2 represents a quantitative description of CF 
for analyzed HMs. According to the findings of 
previous studies, larger values of CF indicated 
that human induced sources play a more signifi-
cant role in the formation of pollutants, whereas 
lower values reflect the natural origin of compo-
nents found in the soil [66,67]. Hence, the rela-
tively low average CF values for Ca and Fe can be 
linked to their geological origin. In contrast, the 
relatively high average concentrations of Pb, Zn, 
and Cr in the studied area can be attributed to 
anthropogenic or other type of activities regulating 
their distribution. Pollutants such as Pb, Cr, and Zn 
are found to be extensively contaminated in both 
studied areas, as shown in Table 2. For Ni, how-
ever, an exception can be noted. It indicates highly 
contamination for only the Sutarkhali union, which 
is consistent with Islam et al. [59], findings. Since 
this region is so near to the Mangrove Forest.

This study also found that for both of the study 
locations, the PLI value is greater than 1, indicating 
that the site quality is deteriorating and that immedi-
ate intervention is necessary to improve the situation. 
The high CF of metals (Cr, Ni, and Pb), as shown by the 
study, are the direct consequence of human activity in 
these coastal regions [67].

Figure 2. Different metals concentration in soil samples of Sutarkhali Union.

Figure 3. Different metals concentration in soil samples of Amtoli Union.
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The findings of ERI in the soil samples for only five 
different metals (Zn, Cr, Pb, Cu, and Ni) are depicted in 
Figure 6. The ERI could not be computed because the 
biological toxicity factors (T i

f .) for the remaining HMs 
were not available. From the ERI calculation, it is pos-
sible to obtain it the HMs pollution caused by a single 
element, and the degree of pollution caused by each of 
the five HMs declined in the following order: Pb > Ni > 
Cr > Cu > Zn (Sutarkhali Union); Pb > Cu > Cr > Ni > Zn 
(Amtoli Union). According to the ERI value (Table 1), 
the studied regions are subject to a significant amount 
of lead contamination. Despite the fact that when 
compared to the Ni, Cu, and Cr values of other parts 
of Bangladesh, commonalities can be observed with 
these values (M. S [18; 51]). According to the findings of 
this investigation, Zn has the lowest ERI value. Similar 
findings have been found in other research as well 
(M. S [18; 51; 68]). The fact that both of these regions 
are in a very high ecological risk zone, as shown by the 
RI score (427.03 for Sutarkhali Union; 352.35 for Amtoli 
Union), is a very concerning circumstance for the peo-
ple who live in these locations.

4.4. Health risk assessment

HMs can be ingested, breathed in, or come into touch 
with the skin, and all three of these modes of HMs 
exposure have been identified as having distinct 
doses associated with them (Safiur [61]). On the other 
hand, the evaluation of the health risks posed by HMs 
in soil takes into account children and adults in 
a manner that is distinct, and the results are provided 
in Tables 3 and 4.

Following the determination of doses for each parti-
cular metal and route of exposure, those doses were then 
divided by the appropriate reference dose in order to 
arrive at a hazard quotient (HQ) number. Table 3 presents 
the findings that were obtained from the health risk 
assessment that was conducted for this study. 
According to the findings of this research, the hazard 
quotients (HQs) of most soil particles for ingestion are 
significantly higher than those for inhalation and dermal 
adsorption, with the exception of Zn at Amtoli union, 
where dermal absorption is higher compared to ingestion 
for children. In the case of children, all of the values of HQ 
and HI were, in general, smaller than 1, with the exception 

Figure 4. Spatial variation of HMs concentrations in Sutarkhali Union, Dacope Upazila, Khulna soil samples.
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of Pb in both areas. It is also possible to deduce from the 
risk assessment that, in most instances, children are more 
susceptible to the harmful effects of pollutants in com-
parison to adults. The results of this most recent investi-
gation are consistent with the findings of earlier research 

that has been described in the relevant body of scholarly 
work [69,70]. Due to the fact that children spend more 
time playing outside, they are at a greater risk of ingesting 
HMs than adults because the dirt in which they play may 
contain metals [71]. As mentioned, the HI value of the 
majority of contaminants is less than 1, lead is an excep-
tion. This also indicates that lead concentrations have the 
potential to cause adverse effects in children. According 
to research, high levels of pb in the soil can generate 
significant levels of pb contamination in children’s blood 
due to their hand-to-mouth activity [72–74]. Lead (Pb) 
poisoning is the cause of more than one million deaths 
and 24.4 million disability-adjusted life years each year 
around the globe [75]. A community cohort study that 

Figure 5. Spatial variation of HMs concentrations in Amtoli Union, Amtoli Upazila, Barguna.

Table 1. Potential ecological risk index recommended limit in 
soil [42].

Sel No Range Ecological pollution Degree

1 Eir<40; RI<150 Low Ecological Risk
2 40 � Eir < 80; 150 �RI <300 Moderate Ecological Risk
3 80 � Eir < 160; 300 � RI 

<600
Considerable Ecological Risk

4 160 � Eir < 320; 600�RI Very High Ecological Risk

Table 2. Statistical description of CF and PLI for studied HMs.
Place K Ca Ti Cr Mn Fe Ni Cu Zn Pb PLI

Sutarkhali Union 1.57 0.68 1.35 6.87 2.73 0.88 7.74 1.665 7.22 71.8 1.58
Amtoli Union 1.71 0.57 1.39 11.13 1.51 0.80 4.33 8.23 10.12 51.43 1.57
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was conducted by [76] found that lead is responsible for 
roughly 412,000 deaths that occur annually in the United 
States. Lead contamination has a deleterious effect on 
every system in the body, but it is especially linked to 
dysfunctions in the organs that control the cardiovascular, 
renal, and neurological systems [77]. On the other hand, 
this exposure is frequently modulated by social factors 
like income [78]. It has been known for a very long time 
[75,79,80] that populations with low incomes are sub-
jected to an unfairly high level of disproportionate envir-
onmental lead exposure.

According to the findings of this investigation, the 
areas that were investigated contain a significant level 
of contamination, with potential health risk specially for 
children. Additional research is necessary in order to 

correctly identify the source of the pollution and the 
level of contamination. In many parts of Bangladesh, 
farming is the primary means of subsistence for the local 
population. Through the process of biotransfer, agricul-
tural activities conducted on these soils have the potential 
to cause severe harm to human health [81–83].

4.5. Terrestrial radioactivity measurements and 
their effects

The radionuclides 226Ra was identified by the decay 
products through the γ-ray spectrum having peaks of 
energies 351.92 keV, 295.21 keV and 241.98 keV from 
the decay of 214Pb and 609.31 keV, 1120.3 keV, 1238.1  
keV and 1764.5 keV peaks formed in the decay of 2l4Bi. 
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Figure 6. ERI values for different metals at the studied region.

Table 3. Values of reference dose for ingestion, inhalation and dermal contact, and the calculated values of hazard index (HI) for 
non-carcinogenic elements in soil sample at Sutarkhali Union.

Element

Child HI Adult

HIHQing HQinh HQdermal HQing HQinh HQdermal

Mn 4.30E–01 3.86E–02
3.01E– 
01

0.770 4.61E–02 8.28E–03 4.60E–02 0.100

Cu 1.64E–02 4.57E–07
1.53E– 
03

0.018 1.76E–03 9.79E–08 2.34E–04 0.002

Zn 2.01E–01 1.96E–05
5.63E– 
03

0.005 5.09E–04 2.84E–08 1.02E–04 0.001

Hg 2.01E–01 1.96E–05
5.63E– 
03

0.207 2.15E–02 4.20E–06 8.59E–04 0.022

Pb 1.31E+00 3.75E–05
2.52E– 
01

1.563 1.41E–01 8.03E–06 3.84E–02 0.179

Table 4. Values of reference dose for ingestion, inhalation and dermal contact, and the calculated values of hazard index (HI) for 
non-carcinogenic elements in soil sample at Amtoli Union.

Element

Child HI Adult

HIHQing HQinh HQdermal HQing HQinh HQdermal

Mn 2.37E–01 2.13E–02 1.66E–01 0.42 2.54E–02 4.57E–03 2.54E–02 0.06
Cu 8.11E–02 2.26E–06 7.57E–03 0.09 8.69E–03 4.83E–07 1.16E–03 0.01
Zn 6.66E–03 1.86E–07 7.57E–03 0.01 7.13E–04 3.99E–08 1.42E–04 0.00
Hg 6.66E–03 1.86E–07 9.32E–04 0.36 3.76E–02 7.32E–06 1.50E–03 0.04
Pb 9.39E–01 2.68E–05 1.80E–01 1.12 1.01E–01 5.75E–06 2.75E–02 0.13
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The 232Th radioactivity was determined by γ-ray 
counts of products formed via the decay of the 
212Pb (238.63 keV), 228AC (911.07 keV and 969.11  
keV) and 208Tl (583.14 keV and 2614.7 keV) radionu-
clides. The radionuclide 40K was identified by its single 
γ -line at an energy of 1460.8 keV.

Within the scope of this study, artificial fallout 
was also analyzed and considered. However, there 
was no peak for 137Cs at the energy of 661.66 keV 
in the spectrum. This is likely due to the fact that 
the radioactivity of this radionuclide in the samples 
that were analyzed was lower than the detection 
threshold. Similar investigation carried out in the 
surrounding area came to the same conclusions 
[84]. It may be mentioned that the background 
counts were subtracted from the total counts 
obtained during measurements with the samples. 
Gamma-ray spectra were acquired, displayed, and 
analyzed using the commercial program 
EMCAPLUS version 1.012 (Supplied by Silena, 
Germany).

4.5.1. Sutarkhali union
The measured specific radioactivity values (in Bq kg-1) 
in the soil samples collected from different parts of 
Sutarkhali Union, Dacope, Khulna are given in 
Table 5. It is found that the specific radioactivity values 
of 238 U, 232Th and 40K in the soil samples varied 
within the range: 16.50 ± 1.22–60.40 ± 7.21 (mean: 
33.88 ± 4.37), 23.19 ± 2.43–55.55 ± 4.12 (mean: 42.08  
± 3.97) and 167.45 ± 23.42–592.50 ± 27.31 (433.67 ±  
25.52) Bq.kg-1, respectively.

4.5.2. Amtoli union

Table 6 shows the measured radioactivity values (Bq kg-1) 
and associated uncertainties (± lσ) for nine samples taken 
from different regions of Amtoli Union, Amtoli, Borguna. 
The specific radioactivity values of 238 U, 232Th, and 40K 
in soil samples from Amtoli varied between 18.46 ± 3.43 
and 33.76 ± 1.85 (mean: 31.15 ± 3.69), 26.57 ± 3.09 and 
51.94 ± 3.87 (mean: 42.49 ± 3.48), and 135.72 ± 21.69 
and 369.46 and 33.42 (mean: 225.74 ± 27.96) Bq kg-1, 
respectively.

Table 5. Specific radioactivity measured in the soil samples Sutarkhali Union, Dacope, Khulna.
Sl. No. Sample ID 238U(Bq kg−1) 232Th(Bq kg−1) 40K(Bq kg−1)

1 SP-1 60.40±7.21 55.55±4.12 592.50±27.31
2 SP-2 23.47±4.03 26.53±2.72 391.80±25.71
3 SP −3 20.61±1.31 50.80±4.52 568.19+30.71
4 SP −4 16.50±1.22 52.41±5.38 457.33±27.08
5 SP −5 29.34±6.16 38.43±5.65 409.32±24.63
6 SP −6 32.51±4.55 51.94±3.87 167.45±23.42
7 SP −7 42.37±4.52 31.94±2.38 237.45±21.47
8 SP −8 33.86±5.34 29.41±4.28 549.79±26.31
9 SP −9 27.14±3.84 41.94±3.80 467.38±23.56
10 SP −10 52.51±5.58 49.34±4.58 527.45±23.42
11 SP −11 28.39±3.31 23.19±2.43 368.43±23.11
12 SP 12 39.53±5.42 53.47±3.86 467.65±29.48

Average 33.88±4.37 42.08±3.97 433.67±25.52

Table 6. Specific radioactivity measured in soil samples of Amtoli Union, Amtoli, Barguna.
Sl. No. Sample ID 238U (Bq kg−1) 232Th (Bq kg−1) 40K (Bq kg−1)

1 SP-1 30.52±2.58 38.44±3.81 226.45±23.40
2 SP-2 27.83±4.31 45.87±3.34 162.56±47.73
3 SP −3 32.51±4.58 51.94±3.87 369.46±33.42
4 SP −4 43.18±5.14 48.72±2.61 239.92±25.28
5 SP −5 18.46±3.43 26.57±3.09 304.27±30.18
6 SP −6 29.56±4.33 41.94±3.87 188.45±23.42
7 SP −7 33.76±1.85 34.45±3.10 135.72±21.69
8 SP −8 32.02±2.44 42.52±3.78 237.37±23.06
9 SP −9 32.51±4.58 51.94±3.87 167.45±23.42

Average 31.15±3.69 42.49±3.48 225.74±27.96

Table 7. Radium equivalent activity, external effective dose and annual effective dose at Dacope Upazila, Khulna.
Sl. No. Sample ID Raeq activity in Bq kg−1 External Absorbed Dose (D) in nGyh−1 Annual Effective Dose (AED) µSvy−1

1 SP-1 181.31±15.01 86.34±6.97 176.31±14.22
2 SP-2 88.83±9.72 43.32±4.58 88.461±9.36
3 SP −3 133.03±9.92 64.06±4.63 130.83±9.44
4 SP −4 123.46±10.81 58.48±4.95 119.423±10.11
5 SP −5 112.95±15.96 53.95±7.30 110.18±14.89
6 SP −6 118.51±11.72 53.42±5.42 109.09±11.07
7 SP −7 104.67±9.43 48.83±4.43 99.73±9.04
8 SP −8 114.40±13.30 56.49±6.16 115.36±12.57
9 SP −9 119.83±10.92 57.50±5.06 117.41±10.33
10 SP −10 159.99±13.77 76.21±6.33 155.63±12.92
11 SP −11 87.34±8.40 42.59±3.97 86.98±8.10
12 SP 12 148.73±13.00 70.20±6.07 143.34±12.40

Average 117.54±11.83 59.28±5.49 121.05±11.21
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The Raeq, external γ-absorbed dose (D) and annual 
effective dose (AED) in Sutarkhali Union, Dacope Upazila 
(Table 7) the corresponding values are found to vary 
within 87.34 ± 8.40–181.31 ± 15.01 Bq/kg (mean: 117.54  
± 11.83 Bq/kg), 42.59 ± 3.97–86.34 ± 6.97 nGy/h (mean: 
59.28 ± 5.49 nGy/h) and 86.98 ± 8.10–176.31 ± 14.22 
µSv/yr (mean: 121.05 ± 11.21 µSv/yr), respectively.

For Amtoli soils, the corresponding values (Table 8) 
were found to vary within 77.75 ± 9.96–132.65 ± 12.45  
Bq/kg (mean: 107.71 ± 10.63 Bq/kg), 37.35 ± 4.72– 
61.90 ± 5.86 nGy/h (mean: 49.53 ± 4.98 nGy/h) and 
76.28 ± 9.64–126.41 ± 11.96 µSv/yr (mean: 101.14 ±  
10.17 µSv/yr). The external gamma absorbed dose (D) 
and annual effective dose (AED) also correspond these 
Unions regarding the comparisons of the values.

The mean values of Raeq, D and AED are, respectively, 
112.62 Bq/kg, 54.4 nGy/yr and 111.1 µSv/yr. All these 
values are within world average and they do not exceed 
the dose recommended value by UNSCEAR-2000.

4.5.3. External hazard index, internal hazard index, 
and excess lifetime cancer risk
External hazard index (Hex), internal hazard index (Hin) 
and excess lifetime cancer risk (ELCR) in Sutarkhali Union, 
Dacope, the corresponding values were 0.24 ± 0.02–0.50  
± 0.04 (mean: 0.343 ± 0.033), 0.30 ± 0.04–0.64 ± 0.06 
(mean: 0.416 ± 0.05) and 304.4� 10−6 − 617.1�10−6 

(mean: 423.7�10−6). For Amtoli Upazila, the correspond-
ing values are 0.22 ± 0.03–0.37 ± 0.03 (mean: 0.29 ± 0.03), 
0.25 ± 0.04–0.43 ± 0.04 (mean: 0.36 ± 0.04) and 
267.0�10−6 − 442.4�10−6 (mean: 354.0 � 10−6). The 
minimum mean of Hex is found at Amtoli Union, Amtoli, 
whereas the value is slightly high at Sutarkhali Union at 
Dacope, Khulna. However, the Hex and Hin values for the 
measured areas do not exceed the limit (<1) recom-
mended by UNSCEAR-2000.

The estimated values for the Hex, Hin, and the surplus 
lifetime cancer risk fall below the safe thresholds. The 
findings indicate that the Hex and Hin values for the soil 
samples are less than one, indicating that the radiation 
dose is below the IAEA-recommended limit of 1 mSvy-1. 
Compared to global averages and suggested values, the 
radiation hazard parameter values from this study are not 
excessively high and are therefore unlikely to provide 
additional radiological health concerns to the residents 
of the studied localities.

This study analyzed the increased cancer risks 
throughout a lifetime. Due to a lack of trustworthy, 
standardized mortality and morbidity data for the 
population in the investigated area, the health risk 
posed by the presence of HMs and radioactivity cannot 
be assessed in this study. Notably, the scope of this 
investigation was limited to the measurement of back-
ground radiation levels.

5. Conclusion

This study investigated the degree of soil contamination 
with HMs including lead, mercury, manganese, nickel, 
cadmium, zinc, and copper due to a lack of information 
concerning the baseline level of soil pollution in the area 
under study. The soil samples of Sutarkhali Union, Dacope 
and Amtoli Union, Amtoli showed some different values. 
The samples from Sutarkhali, Dacope, Khulna were col-
lected from the land which were inundate for longer 
period of time than the samples from Amtoli Union, 
Amtoli, Barguna. Results also show that the concentration 
of HMs and radioactivity concentration is higher at 
Sutarkhali than Amtoli. It indicates that all the affected 
areas were not contaminated similarly by the natural 
disaster may be the cause of inundate period. Due to 
the higher occurrence of Hg and Pd in samples from long- 
term inundated areas, prompt research is required to 
determine the soil’s status following any cyclone-caused 
destruction in the area.

The concentration of radioactivity not exceeded the 
limit of radioactivity suggested by IAEA. But it may find 
that the activity is more where the HMs concentration is 
also more. This study found a correlation between the 
HMs presence in the soil samples and terrestrial radio-
activity of those samples. So, further study is required to 
investigate the correlation between the HMs and radio-
activity of the non-biotic samples [85–88].
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