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Coal mining areas in Bangladesh are exposing to extreme environmental problems due to
the mobilization of heavy metals in the surrounding region. To assess the persisting risk,
several soil samples were collected from the nearby coal mine areas. The amount of
pollution of heavy metal has been calculated to determine the extent of the contamination.
Soil contamination assessment was carried out using pollution evaluation indices such as
heavy metal pollution index (HPI), the degree of contamination (Cq), and the
contamination factor (CF). The concentration of S, As, Ba and, F exceeded the maximum
concentration level in some soil samples. The HPI and the Cq yield similar results. The
CF shows strong similarities with the Cq and gives a better evaluation of pollution levels.
HPI indicates that about 71.42% of samples exceed the high level. C¢and CF show that
about 71.42% sample is highly contaminated by trace element and 14.28% sample is
highly contaminated by S, Cl, and F. Based on radioactive element analysis about 14.28%
samples show medium contamination level. The findings of this research help us to assess
the level of soil contamination and the extent of environmental and health concerns in the
region of the Barapukuria coal mine.

1. INTRODUCTION

Acid mine drainage (AMD), which is globally a serious
environmental issue, often occurs in various coal mining sites
of the world. Coal mine discharge can cause ecological
problems once in contact with the topsoil of the surrounding
area of the mine since it is acidic and contains a high level of
metals and metalloids. Acid drainage from coal mining has a
serious impact on the environment. It mainly occurred from
sulfide-bearing minerals, such as pyrite or pyrrhotite when
these minerals are exposed to oxygen or water produce sulfuric
acid [1]. When acid drainage discharge into the stream or other
any water body creates an adverse impact on aquatic life [2].
Studies have been done to concentrate on the effects of the
geochemical characteristics of toxic metallic discharges from
coal mines in soil and atmosphere [3-5]. Contaminated
sediments can act as a source of toxic discharges responsible
for environmental changes [6-9]. The presence of heavy metal
concentration usually decreases the production of agricultural
land. From the dissolution and leaching of country-rock due to
low level of pH, aquatic life and surrounding region are highly
affected [10].

In various regions of Bangladesh, the amount of discharge
from the mine on the soil is above the safe limit based on
several studies [11-14]. The quality and safety of human food
may be affected due to the high discharge of heavy metals
from the coal mine to the surrounding soil [15, 16]. Several
kinds of research have been done to indicate heavy metal
pollution in plants, trees, soil, and subsoil, and plants in
different regions being related to mining works [17-22].
Multiple pieces of research represent pollution related to the

detection of heavy metal in the surrounding agricultural soils
and absorption by plants in Bangladesh [23, 24].

Barapukuria coal mine, discovered in 1985 by GSB in
Dinajpur district, is the largest coalfield of Bangladesh. Coal
layers were encountered at a shallow depth of about 118 to
500m in this field. All the previous investigations were mainly
centered on the type, quality, mining method, reserve, and
study of feasibility in the coalfield. But trace metals from coal
and its bounding rocks leach into the mine stream area and
discharge around the nearby agricultural land. Various
environmental problems occur due to the contamination of the
heavy metal in soil [25]. Based on the reports of Petrobangla
(Bangladesh Petroleum Corporation), one of the most
hazardous practices in the world is the coal mine activity in the
Barapukuria and it poses a grave threat to the ecological
environment [24]. Destruction of local water resources, air
pollution in the air, erosion in soil, declining biodiversity, and
land subsidence can be caused by the collapse of coal mines
strata [23, 26].

Barapukuria coal mine has the ability to contaminate the
soil quality in the area surrounding the mine with its discharge.
In this research, low-level analytical methods have been used
on clean samples to measure the number of trace
concentrations of heavy metal constituents. The main goals
were to evaluate the potential for concentration risk
assessment and to assess the connection between the coal
deposits and the chemistry of the soil. This study has therefore
been carried out to identify and interpret the extent of metal
contamination in surrounding soil and its spatial abundance in
the vicinity of the Barapukuria coal mine of Bangladesh.
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2. STUDY AREA

The Barapukuria coal mining area, which lies between
latitudes 25031" to 25<35'N and longitudes 88 37'E to
88359'E, is located close to the Barapukuria village of
Hamidpur union council under Parbotipur Thana of the
Dinajpur district (Figure 1). The project area lies between
latitudes 25031" to 25<35'N and longitudes 8837'E to
8839'E, included in the survey of Bangladesh topographic
sheet No.78C/4. Borehole data of this area shows that
sedimentary rocks of Permian to Pleistocene age overlies on
the Archean Basement complex. Based on tectonics, the
Barapukuria basin is situated in the Rangpur saddle of the
Indian platform which acts as the connecting block between
the Shillong massif in the east and Rajmahal hill and the Indian
Shield in the west. The synclinal structure of the Barapukuria
is asymmetrical with a length of 64km spreading along the N-
S direction. The general axis of strike NIOW respectively is
and cut by faults. The main drainage system of the study area
includes Atrai, Little Jamuna, Karatoa, Bandali. All the rivers
originate from the Himalayas in the north and flow towards the
south and southeast. A few small rivers have cut across the
Pleistocene Barind Tract towards the south, while the others
flow along the eastern and western margins of the upland [27].
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Figure 1. Sampling locations of the study area

The Barapukuria underground coal mine is operated by
Barapukuria Coal Mining Co. Ltd. (BCMCL). It is an
independent Gondwana coal-bearing basin that is independent
and is controlled by half-fault Graben. The strata can be
separated into four units depending on drilling information
namely the Basement complex, Gondwana group, Dupi Tila
Formation, and Barind Clay [28, 29].

The coalmining region consists of 11 coal-bearing seams in
seven groups. It has a total thickness of 74.14 meters where
the mean thickness of Seam-6 ranges from 29.4 to 36.41m. It

is the main mineable bed which has an area of around 1 to 1.5
km. It is about 4.9km in the direction of the northeast and
belongs to the regular and extra-thick coal seam of the
coalfield.

3. METHODOLOGY

From the mine region, seven soil samples were collected of
which four samples were gathered from a distant area from the
mine whereas the rest of the three samples were collected from
an area close to the mine. The seven samples, which were
named S-1, S-2, S-3, S-4, S-5, S-6, and S-7, had been collected
with a grab sampler and kept in a sample bag (polyethylene
bag). At each sampling site, surface sediment was collected at
a depth of 15-20cm and approximately 1kg of each of the
samples was collected. Each of the locations from where
samples were taken, were detected using GPS (Garmin GPS
72H). All samples were stored in the laboratory in a dry
condition and moderate temperature. Two kinds of samples
were collected to determine the horizontal distribution of
heavy metals and variation in the concentration of trace metals
with distance.

The elements detected by following the proper measures
using Rigaku ZSX Primus equipped with an end window 4kW
Rh-anode X-ray tube elements were identified using X-ray
fluorescence (XRF) in the Institute of Mining, Mineralogy,
and Metallurgy, Bangladesh Council of Scientific and
Industrial Research (BCSIR), Joypurhat. For calibration, the
Standard Samples Japanese Stream Sediments (JSD) had been
used. The heavy elements from the soil had been detected
using crystal LiF1 at a 40kV voltage with 60mA current. The
elements Ca and K were identified in 40kV and 60mA current
with crystal LiF1. Mg, Na and F were identified in 30kV and
100mA current with crystal RX25. Cl, S, and P were
determined in 30kV and 100mA current with crystal GE. Si
and Al were detected in 30kV and 100mA current with crystal
PET.

Three principal Pollution evaluation methods were followed
in this research: Heavy metal pollution index (HPI) proposed
by [30], Contamination index (Cq) developed by [31], and
Contamination factor (CF) put forward by [32].

The Heavy metal pollution index (HPI) represents the whole
quality of water concerning heavy metals. The rating system
is an arbitrary value between zero to one, the selection of
which relies on the significance of individual quality
considerations in a comparative way or it can be assessed by
making values inversely proportional to the recommended
standard for the corresponding parameter [33, 34]. Prasad and
Bose (2001) [30] considered unit weightage (Wi) has been
considered as a value inversely proportional to measure the
HPI.

The HPI model is given by Mohan et al. (1996) [34]:

HPI _ 2?711 W;iQ;
i=1 Wi
where, Qi is the sub-index of the ith parameter; Wi is the unit
weight of the ith parameter; n is the number of parameters
considered.
The sub-index Qi of the parameter is measured by:
M-I

Qi=EiL, =0 x 100



where, Mi is the monitored value of the heavy metal of ith
parameter; |; is the ideal value of the ith parameter; S; is the
standard value of the ith parameter.

Thus, the Cq summarizes the combined effects of several
quality parameters considered harmful to agricultural soil. The
contamination index is measured from the equation below:

Ca=2iq Cpi

where,
_ Cai
Cfl - C_IVI. -
Cr= contamination factor for the i-th component.
Cai=analytical value for the i-th component,
Cni=upper permissible concentration of the i-th component
(N denotes the 'normative value').

The elements and ionic species have not been considered
with analytical values below the upper permissible
concentration value. Since the concentration of heavy metals
below this limit does not pose any hazardous problem to the
quality of the soil. Based on a scale ranging from 1 to 3, the
resultant Cq value detects areas of varying contamination
levels which are grouped into three categories.

. Ca<1 --- Low

*  C4¢=1-3 --- Medium

*  Cg3 --- High

The upper permissible concentration value (Cy;) was taken
as the maximum admissible concentration (MAC). The
proposed CF is the ratio obtained by dividing the concentration
of each metal in the soil by the baseline or background value:

CF=3 C_(heavy metal or other elements)/C_background
(Cheavy metal or other elements/ Crackground)

Cheavy metal or other metal and Chackground are the monitored
value and maximum admissible concentration (MAC) of the
parameters. The contamination levels may be classified on a
scale ranging from 1to 6 [32].

. CF<1---Low

. CF=1 to 3---Medium

*  CF>3to 5---Strong

*  CF>5---Very strong

For the samples, correlation analysis was carried out to
access the association between the total heavy metals and
major soil variables as well as the levels of heavy metals and
the proportion of the total concentration. To verify the orders
of removal of trace metals-the removal ratio of the trace metals
was calculated and presented graphically. The removing ratio
of the trace metals was calculated as follows:

Removing ratio (Rk)=(Concentration of metal in nth soil
sample)/(concentration of a metal in sample-1).

4. RESULTS AND DISCUSSION

Chemical parameters of the studied area have been
classified into four groups which are: Trace or heavy metals,
Radioactive elements, oxides, and other elements that in

excess amounts are harmful to the soil. The overall amount of
discharge in the soils of mine and the surrounding area were
measured to detect the extent of the contamination. The
concentrations of S in Soil-1, As in Soil-1, 3,4, 5,6, and 7, Ba
in Soil-1, 2, 4, and 7, and F in Soil-1, 2, 3, 4, 5, and 7 exceed
the maximum concentration level. The concentration of Cu,
Th, Sn, and Sn in Soil-1 is nearest to the ideal value and the
concentration of S in Soil-2, 3, and 5 is nearest to the ideal
value and the concentration of F in Soil-6 is nearest to the ideal
valve (Tables 1, 2, 3).

4.1 Contamination factor (CF)

The calculated contamination factor (CF) has been applied
for a better understanding of soil pollution. The CF value for
trace element was from 5.3 to 2.6 with a mean value of 3.61
that indicates the contamination level is strong and the CF
value for radioactive element ranged from 1.46 to 0.51 with a
mean value of 0.78 that indicates the contamination level is
low and the CF value for other elements (S, Cl, F) ranged from
15.44 to 1.49 with mean value 3.95 that indicate the
contamination level is strong. Based on trace element analysis
about 14.28% sample shows a very strong contamination level,
about 57.12% sample shows a strong contamination level, and
28.56% sample shows a medium contamination level. Based
on Radioactive element analysis about 14.28% shows a
medium-strong contamination level and about 85.68% sample
shows a low contamination level. Based on other elements (S,
Cl, and F) analysis about 14.28% sample shows a very strong
contamination level, and 85.68% sample shows a medium
contamination level. The value of the contamination factor
also shows that the contamination level decrease with
increasing distance. The contamination level is higher for trace
elements and S, Cl, F than radioactive elements (Tables 4, 5).

Table 1. Summary of trace, radioactive, and other harmful
elements of the soil sample

Trace element (mg/kg)
S1 S2 S3 S4 S5 S6 S7
Ba 451 289 258 303 427 244 321
Cu 85 14 9 10 8 9 13
Rb 149 107 105 120 170 103 121
Sr 308 63 57 59 68 58 64
\Y 130 72 65 92 102 69 82
As 31 25 28 32 41 32 33
Ni 146 19 22 17 26 53 71
Zn 98 72 96 102 86 81 72
Co 16 7 10 7 11 7 8
Pb 26 2 - 1 1 - -
Zr 120 119 120 119 116 119 119

Cd 4 2 2 1 1 2 2
Ga 28 19 19 18 18 19 19
Se 9 2 2 1 1 1 2

Sn 224 157 158 113 93 136 145
Radioactive elements (mg/kg)

Th 27 8 9 8 8 9
Hf 4 3 3 3 3 3 3
U 3 2 2 2 1 2 2

Harmful element (mg/kg)
S 12218 645 357 379 726 540 561
Cl 114 26 25 25 34 37 31
F 1698 1237 1344 1344 732 662 1294




Table 2. Comparison among monitor value, maximum concentration level, and ideal value

Trace element (mg/kg) S1 S2 S3 S4 S5 S6 S7  Max. conc. Level (mg/kg) Ideal value (mg/kg)
Ba 451 289 258 303 427 244 321 385 280
Cu 85 14 9 10 8 9 13 125 100
Rb 149 107 105 120 170 103 121 825 650
Sr 308 63 57 59 68 58 64 415 370
\Y% 130 72 65 92 102 69 82 385 220
AS 31 25 28 32 41 32 33 27 15
Ni 146 19 22 17 26 53 71 770 550
Zn 98 72 96 102 86 81 72 545 450
Co 16 7 10 7 11 7 8 200 120
Pb 26 2 - 1 1 - - 650 500
Zr 120 119 120 119 116 119 119 665 500
Cd 4 2 2 1 1 2 2 810 650
Ga 28 19 19 18 18 19 19 700 550
Se 9 2 2 1 1 1 2 10000 9500
Sn 224 157 158 113 93 136 145 625 450

S 12218 645 357 379 726 540 561 975 750
Cl 114 26 25 25 34 37 31 275 250

F 1698 1237 1344 1344 732 662 1294 675 600
Th 27 8 9 8 7 8 9 30 25
Hf 4 3 3 3 3 3 3 15 10
U 3 2 2 2 1 2 2 10 5

(Source: U.S National Environmental Quality Act 2004)
(*Bold number indicates that value which exceeds both Ideal value and maximum Concentration level; ** Italic number indicates that value which exceeds Ideal
value and nearest to ldeal VValue).

Table 3. Contamination Factor for trace element

Sample C heavy metal/C background CF
ID Ba Cu Rb Sr \% As Ni Zn Co Pb Zr Cd Ga Se Sn
Soil-1 118 068 018 074 034 114 019 018 008 004 0.18 0.004 0.04 0.0009 036 5.3
Soil-2 076 011 013 025 017 092 002 035 0.03 0.003 0.11 0.24  0.036 0.0002 0.25 3.37
Soil-3 0.67 0.07 012 0213 015 103 002 036 0.05 - 0.15 0.24  0.034 0.0002 0.25 3.27
Soil-4 059 008 014 0214 022 118 002 039 0.038 0.001 0.11 0.0012 0.034 0.0001 0.18 3.12
Soil-5 112 0.064 020 016 024 151 0.03 041 0.06 - 0.12 0.0012 0.034 0.0001 0.15 4.09
Soil-6 044 0072 012 013 016 108 0.07 0.29 0.038 - 0.11 0.24 0.032 0.0001 0.11 28
Soil-7 043 010 014 045 0.09 1.12. 0.09 0.009 0.05 - 0.117 024 0.032 0.0002 0.23 2.7

Table 4. Contamination Factor for Radioactive element

Table 5. Contamination Factor for other (S, CI, F) elements

Sample ID Tﬁradlo active mlme-t&I/Cback grouncLiJ CF Sample ID S Celement/Céeilck ground = CE
Soil-1 0.9 0.26 0.3 1.46 Soil-1 12.53 0.41 2.50 15.44
Soil-2 0.26 0.24 0.22 0.72 Soil-2 0.66 0.091 1.83 2.58
Soil-3 0.3 0.20 0.20 0.7 Soil-3 0.366 0.090 1.99 2.44
Soil-4 0.25 0.23 0.21 0.69 Soil-4 0.388 0.090 1.66 2.13
Soil-5 0.26 0.25 0.13 0.74 Soil-5 0.744 0.123 1.08 1.94
Soil-6 0.24 0.21 0.23 0.68 Soil-6 0.553 0.134 0.98 1.66
Soil-7 0.21 0.18 0.12 0.51 Soil-7 0.37 0.112 1.01 1.49

4.2 Contamination degree (Ca)

The extent of contamination (C4) had been applied as a
method of reference for assessing the extent of the
contamination. Cd may be classified into three categories
based on a scale ranging from 1 to 3 [31, 35] as follows: Low
(Cd<1); Medium (Cd=1-3); High (Cd>3). The Cd value for
trace element ranged from 9.8 to 2.63 with a mean value of
4.32 and the Cd value for radioactive element ranged from
1.56 to 0.51 with a mean value of 0.88 and the Cd value for
other elements (S, Cl, and F) ranged from 13.62 to 1.15 with a

mean value 3.63. Based on trace element analysis about 71.42%

sample shows a high degree of contamination and 28.57%
sample shows a medium degree of contamination. Based on
Radioactive element analysis about 14.28% shows a medium
degree of contamination and about 85.68% sample shows a
low degree of contamination. Based on other elements (S, Cl,

and F) analysis about 14.28% sample shows a high degree of
contamination, and 85.68% sample shows a medium degree of
contamination (Tables 6, 7, 8).

4.3 Heavy metal pollution index (HPI)

The HPI values of trace elements ranged from 146.37 to
70.07 with a mean value of 111.14 that indicates a high level
of contamination. Based on trace element analysis about
71.42% of samples show high contamination and about
28.57% of samples show high medium contamination. Soil-1
shows the highest value of HPI which is close to mine drainage
and Soil-7 shows the lowest value of HPI which is farther than
other samples. As Cd and CF, the values of HPI also decreases
with increasing distance. Soil-1, Soil-2, Soil-3, Soil-4, and
Soil-5 shows high contamination; Soil-6 and Soil-7 show
medium contamination. The heavy metal pollution index has
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computed using the ideal value of the parameter and the
standard value of the parameter and the Wi was taken as the
inverse of the maximum concentration level. The values of

HPI in the present study have classified values in terms of
pollution levels as low, medium, and high (Tables 9, 10).

Table 6. The Contamination index for trace elements.

Cii
SamplelD —5 c, Rb s VvV _As Ni__zn Co Pb zr Cd Ga Se sn
Soil-1 0.18 032 082 026 069 014 081 082 0912 09 0.82 099 046 0.99 064 9.8
Soil-2 024 048 057 035 042 005 037 024 036 039 034 025 024 023 036 486
Soil-3 033 032 047 036 034 003 027 024 0.2 - 0.01 025 024 023 024 353
Soil-4 021 022 035 025 028 018 011 021 012 039 034 011 034 018 01 339
Soil-5 042 033 020 023 020 051 0.26 038 0.33 - 028 011 0.34 0.18 0.15 3.92
Soil-6 016 022 0.17 016 023 018 023 0.21 0.16 - 034 025 024 0.18 0.15 2388
Soil-7 0.15 011 0.5 0.14 0203 0.18 0.20 0.14 0.16 - 034 025 024 023 012 261
Table 7. The degree of Contamination for Radioactive Table 8. The degree of Contamination for other (S, CI, and F)
element elements
Cii Cua Cii
Sample ID Th f U Sample ID S Ci r Cd
Soil-1 0.1 0.74 0.72 1.56 Soil-1 11.53 0.59 1.50 13.62
Soil-2 0.34 0.28 0.30 0.92 Soil-2 0.83 0.90 0.93 2.66
Soil-3 0.40 0.18 0.28 0.86 Soil-3 0.63 0.75 0.87 2.25
Soil-4 0.34 0.15 0.23 0.72 Soil-4 0.61 0.72 0.66 1.99
Soil-5 0.44 0.28 0.25 0.97 Soil-5 0.85 0.87 0.86 2.58
Soil-6 0.27 0.18 0.20 0.65 Soil-6 0.44 0.62 0.15 121
Soil-7 0.17 0.15 0.19 0.51 Soil-7 0.43 0.61 0.11 1.15
Table 9. The value of Q;for various trace elements.
Sample Qi
ID Ba Cu Rb Sr \Y As Ni Zn Co Pb Zr Cd Ga Se Sn
Soil-1 160 60 280.99 1375 56,52 13324 24031 366.12 64 313.33 246.66 398.37 342.85 1800 125
Soil-2 80 9375 3057 59583 86.95 91.89 217.05 39344 140 326.66 120 10569 7142 750 1187
Soil-3 72 8125 289.25 55833 86.95 8135 10650 377.04 130 - 126.66 10569 7142 750 143.75
Soil-4 60 68.75 256.19 4625 65.21 78.10 88.75 35519 126 266.66 120 235.77 17857 400 1125
Soil-5 80 75 27272 52083 5652 79.72 11242 366.12 120 380  253.33 235.77 17857 400 156.25
Soil-6 40 4125 99.17 34166 39.13 4729 93.02 19125 130 - 120 10569 7142 400 68.75
Soil-7 56 4625 157.02 354.16 434 4837 4733 13661 88.0 - 120 10569 7142 750 875
Table 10. HPI values for trace elements.
WiQ: Wi,
SamplelD "5 ey R St V. As Ni zn Co Pb zr cd Ga Se sn yw T
Soil-1 040 048 034 033 013 493 031 067 032 047 037 049 048 018 0.20 10.1 146.37
Soil-2 022 075 037 143 020 34 028 072 070 049 019 0.13 010 0.075 0.19 9.23 133.84
Soil-3 0.18 065 035 134 022 301 0.18 0.69 0.65 - 0.19 0.3 0.10 0.075 0.23 7.99 115.86
Soil-4 0145 055 031 111 015 289 015 065 0.63 040 018 029 025 0.04 0.18 7.93 114.92
Soil-5 020 060 033 125 013 295 019 067 0.60 057 038 029 025 0.04 0.25 8.7 126.08
Soil-6 01 033 012 082 009 175 012 0.35 0.65 - 0.18 013 010 0.04 011 4.89 70.86
Soil-7 014 037 019 08 01 179 0.08 025 044 - 0.18 0.3 0.10 0.075 0.14 4.83 70.07

4.4 Classification of the soil based on the pollution indices

In the case of trace element analysis, samples collected from
Soil 6 and 7 show a medium level of contamination whereas
Soil-1, 2, 3, 4, and 5 represent high Heave Metal Pollution
Index. It is evident from samples of Soil 6 and 7 that the Cd is
at an average level but it’s quite high for samples from Soil-1,
2,3,4,and 5. Based on the values of the Contamination factor,
Soil-6 and 7 show a medium degree of contamination, Soil-2,
3, 4,5 show a strong degree of contamination, and Soil sample
1 shows the highest level of contamination.

For Radioactive element analysis, Soil 2, 3, 4, 5, 6, and 7
show a low level of contamination whereas Soil 1 represents
medium value for Contamination degree. It is evident from
samples of Soil 2 to 7 that pollution extent is quite low based

on contamination factor but it’s at a medium level for the
sample from Soil 1.

Based on the values of other (S, Cl, and F) element analyses,
Soil samples 2, 3, 4, 5, 6, and 7 show an average level of
pollution but Soil 1 delineates a high extent of pollution (Cy).
The contamination factor value is in the range of very strong
for Soil 1 and shows the medium degree of pollution for Soil
2,3,4,5,6,and 7 (Table 11).

According to the aforementioned data, the contamination
level in Soil sample 1 is quite high in comparison to the other
soil samples for it being closest to the mine area and the
location of metallic discharges. Whereas, the level of toxic
metal pollution in the Soil sample 6 and especially 7 is quite
low comparatively because of the samples being collected
from a distant place from the mine location (Tables 12, Table
13).



4.5 Graphical presentation of pollution indices

HPI, CF, and Cq4 suggest that a certain portion of the region
is highly polluted and part of the region is medium polluted by
trace elements. There are clear similarities among the HPI, C,,
and CF values of the soil samples. The HPI, Cq, and CF show
alike trends in numerous sampling areas. Major correlations
can be noticed among the reading of the CF, Cq4, and HPI for
all the samples. Based on the HPI method about 28.58% of the

samples fall below the mean value of HPI that indicates better
quality of the soil. Soil-1, Soil-2, Soil-3, Soil-4, and Soil-5 are
highly contaminated than Soil-6 and Soil-7 by trace element
and the contamination level by radioactive element for Soil-1
is higher than Soil-2, 3, 4, 5, 6, and 7 by the other elements (S,
Cl, F) is also same. The CF and reclassification schemes of
HPI and Cq for trace element shows comparable results and the
CF method has used for assessing the quality of the soil
(Figures 2, 3,4,5,6,7).

Table 11. Classification of soil based on the trace element analysis.

Index method Category Degree of pollution Samples
HPI <50 Low s
50-100 Medium Soil-6 Soil-7
>100 High Soil-1, Soil-2, Soil-3, Soil-4, Soil-5.
<1 Low e
Cd 1to3 Medium Soil-6 Soil-7.
>3 High Soil-1, Soil-2, Soil-3, Soil-4, Soil-5.
<1 Low e
CE 1to3 Medium Soil-6 Soil-7
3to5 Strong Soil-2, Soil-3, Soil-4, Soil-5
5t06 Very strong Soil-1

Table 12. Classification of soil based on the Radioactive element analysis

Index method  Category Degree of pollution Samples

<1 Low Soil-2 Soil-3 Soil-4 Soil-5 Soil-6 Soil-7

Cd 1to3 Medium Soil-1

>3 High e
<1 Low Soil-2 Soil-3 Soil-4 Soil-5 Soil-6 Soil-7

CE 1to3 Medium Soil-1

3to5 Strong e

5 to6 Verystrong ~ —-memee-

Table 13. Classification of soil based on the other (S, Cl, and F) element analysis

Index method Category Degree of pollution Samples
<1 Low e
Cd 1to3 Medium Soil-2 Soil-3 Soil-4 Soil-5 Soil-6 Soil-7
>3 High Soil-1
<1 Low e
1to3 Medium Soil-2 Soil-3 Soil-4 Soil-5 Soil-6 Soil-7
CF
3to5 Stong -
5 to6 Very strong Soil-1
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Figure 2. Spatial distribution of
pollution evaluation indices of the soil
samples based on Trace element
analysis

Figure 3. Spatial distribution of
pollution evaluation indices of the soil
samples based on Radioactive element

Figure 4. Spatial distribution of
pollution evaluation indices of the soil
samples based on other (S, Cl, and Fl)
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Figure 5. Graphical presentation of
decreasing trend for trace element

4.6 The decreasing ratio of various elements

Table 14. The decreasing ratio of trace element

Trace elements Decreasing ratio

Ba 0.71
Cu 0.15
Rb 0.81
Sr 0.20
v 0.63
Ni 0.48
Zn 0.73
Co 0.5

Pb 0.038
Zr 0.99
Ga 0.67
Se 0.22
Cd 0.5

Table 15. The decreasing ratio of Radioactive elements.

Radioactive Decreasing
elements ratio
Th 0.33
Hf 0.75
U 0.66

Table 16. The decreasing ratio of other elements

Other elements Decreasing ratio

S 0.045
Cl 0.27
F 0.76

4.7 Effects of elements on soil

Soil is a vital constituent of the urban and rural ecosystem;
moreover, proper management of the land area is the key to
ensure the standard of soil. One of the key problems of
environmental pollution due to the contamination caused by
heavy metals which has raised extensive unease in various
parts of the world [36, 37].

Surrounding the coal mining area, from point sources (for
example, coal washing wastewater discharge) and the other
one being non-point sources (like, acid mine drainage),
streams receive a substantial amount of discharge due to the
coal mining activities which result in severe ecological issues
[38]. Toxic metal accumulation, which occurs as a result of
coal mining, causes ubiquity, toxicity, difficult degradation

Figure 6. Graphical presentation of
decreasing trend for Radioactive
element

Figure 7. Graphical presentation of the
decreasing trend for S, Cl, and F

around the stream environment which are close to the mining
area and it uncovers the local inhabitants to various health-
related concerns [39].

Mining activities, which are related to various fatal diseases,
are a chief anthropogenic source of heavy metal contamination
[40]. Numerous maladies and diseases like endemic
arsenicosis, fluorosis, selenosis, and lung cancer can occur as
a result of combustion due to mining activities [41-45]. Soil
microbial activities can be hindered and inhibited by mineral
excavation, tailings disposals, discharge of wastewater,
smelting, refining, transportation, and mineral excavation [46,
47].

Coal mine discharges can accumulate in the crop field and
can deposit in high concentrations which can have unfortunate
health impacts on humans if the plants and vegetables of those
areas are consumed. The accretion of toxic metals in plants and
trees relies on the availability and mobility of metals in soil
[48]. The exchangeable, soluble, and chelated metal species
deposited in the soil are labile amounts exposed to crops, trees,
and plants [49].

One grave environmental concern in developing countries,
including Bangladesh is the heavy metal contamination in
agricultural soil and vegetables which occurs from the
irrigation of polluted water (Tables 14, 15, 16). Metals are
naturally found in soil at trace level [50], toxic metals are
carried by the effluents and discharges from various industries
and mining areas to the soils and streams which compromises
the secured usage of agricultural soil [51]. Long-term usage of
contaminated water for agriculture and irrigation purposes
may cause to deposit of toxic metals such as Mn, Pb, Cd, Cr,
Ni, Zn, and Cu in surface soil above a specific background
level [52].

5. CONCLUSIONS

The amount of Cu, Th, Sn, and Sn in Soil-1 is nearest to the
Ideal value, and the concentration of S in Soil-2, 3, and 5 is
nearest to the Ideal value and the concentration of F in Soil-6
is nearest to the ideal valve. Soil contamination assessment
was carried out using pollution evaluation indices for example
the contamination degree (Cq), index of the heavy metal
pollution (HPT), and the contamination factor (CF).

Similar results have been found from the outcomes of the
heavy metal pollution index (HPI) and the extent of
contamination (Cq). Strong similarities have been detected
between the contamination factor (CF) and degree of



contamination (Cq4) which provides us with a better evaluation
of the extent of affluence.

The HPI values of trace elements ranged from 146.37 to
70.07 with a mean value of 111.14 that indicates a high level
of contamination. Based on trace element analysis about
71.42% of samples show high contamination and about
28.57% of samples show high medium contamination Soil-1
shows the highest value of HPI which is close to mine drainage
and Soil-7 shows the lowest value of HPI which is farther than
other samples. The values of HPI also decrease with increasing
distance. Soil-1, 2, 3, 4, and 5 show high contamination
whereas Soil-6, 7 shows a medium level of contamination.

The CF value for trace element range from 5.3 to 2.6 with
an average value of 3.61 that indicates the contamination level
to be strong and the CF value for radioactive element ranged
from 1.46 to 0.51 with a mean value 0.78 that shows low
contamination level and the CF value for other elements (S, Cl,
F) ranged from 15.44 to 1.49 with a mean value 3.95 that
indicates strong contamination level.

HPI indicates that about 71.42% of samples exceed the high
level. Cq4 and CF show that about 71.42% sample is highly
contaminated by trace element and 14.28% sample is highly
contaminated by S, Cl, and F. Based on radioactive element
analysis about 14.28% samples show medium contamination
level. The outcomes open the door for further analysis of the
contamination extent in the surrounding area of the
Barapukuria Coal mine region and indicate that the pollution

status of the area is of major health and environmental concern.
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