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Abstract: In order to evaluate the heavy metals contamination of groundwater in Barapukuria Coal Mine (BCM) area and its
vicinity, nine groundwater samples from different location, two waste water either treated and/or untreated that were used to
irrigate in and around the coal mine areas, three surficial soil samples (~20cm depth) and a coal dust sample were collected
during March, 2015. The samples were analyzed by inductively coupled plasma mass spectrometry (ICP-MS). Each sample
was analyzed for As, Mn, Fe'® Cu, Pb, Zn, Mo, Ni, Co, Cr, Cd and Hg. It was found that As, Cu, Pb, Zn, Mo, Co, Cr, Cd and
Hg did not exhibit significant elevated levels, but concentration of Mn, Fe and Ni ranging from 0.15 to 3.85mg/L, 0 to
1.88mg/L and 0.01 to 0.09mg/L respectively both in groundwater and mine waste water samples exceeded the World Health
Organization (WHO, 2004) drinking water guideline values of 0.4mg/L of Mn, 0.3 mg/L of Fe and of 0.02mg/L of Ni.
Similarly the mean heavy metal concentrations in soils were below the Bangladesh standards for all heavy metals but the
maximum values of Co (137.25 to 245.24mg/kg), Cr (139.02 to 243.38mg/kg) and Hg (0 to 24.28mg/kg) also exceeded the
maximum acceptable limit of Food and Agricultural Organization (FAO, 1992) (Co of 50mg/kg, Cr of 100mg/kg) and
Environment Agency (EA, 2009) (Hg of 1mg/kg) guideline standard. However, the coal dust was not above the guideline
recommended limit for any elements. Therefore, this study reveals that the use of treated and/or untreated coal mine waste
water for irrigation has increased the risk of heavy metals contamination in groundwater and causing potential health hazards
in the long time term.
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processes, several classes of wastes are produced which may
cause various types of pollution and then ultimately
contamination occurs [1, 23]. So, it is of great importance to
evaluate the ground water in every developing country like
Bangladesh where 95% of the portable water supply comes
from groundwater both in rural and urban areas and 70% of
irrigation water also comes from groundwater sources [3,
24].

1. Introduction

Water is very important natural resource, widely used
throughout the world for domestic, industrial, commercial or
agricultural purposes and entering into the environment in
various sources [1, 3]. However, the problem of water quality
is more severe in the areas where mining and mineral
processes’ industries are present. Especially in mining
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The coal-mining operations either by underground or
open-cut mining is the most recognizable and demonstrable
environmental problem since it modifies or by altering the
physical, chemical and biological parameters of the
environment surround to the mining area and it has far-
reaching influence on human being civilization and
ecological unit [1, 2]. The mine drainage contains high
concentrations of metals and metalloids which elevate
minerals contents in ground water and soil might be one of
major pollution sources. The release of mining waste to the
environment can be caused in intense destruction of
ecosystems, which, in some cases, may not be fully restored
or rehabilitated [2]. Indeed, coal mine drainage ranges widely
in composition from acid to alkali, typically with high
concentration of heavy metals like, Fe, Mn, Cu, Ni, which
can fatally degrade the aquatic habitat and the quality of
water supplies because of toxicity, corrosion, encrustation
and other effects from dissolved constituents [1]. Though
some heavy metals (like Fe, Cu, Zn, Ni) and other trace
elements are very essential for proper functioning of
biological systems for both animals and plants, their
deficiency or excess could cause to a number of disorders.
So, food chain contamination by heavy metals has become a
pressing issue in recent years because of their potential
accumulation in bio-systems through contaminated water,
soil and air [15].

The population density of the study area is about 685
people per sq.km who are mostly depend on the ground water
in various needs like drinking, cooking, irrigation. About
80% of the diseases in the world population and more than
one-third of the deaths in the developing countries are due to
contamination of water [5, 6]. So, the local people might be
affected by heavy metals contamination as recent studies
have found that groundwater in many parts of the world is
contaminated with heavy metals from coal mining [4].
Previous studies were concerned only about the impacts of
coal mining and land use changes on groundwater pollution
in the Barapukuria Coal Mine (BCM) and its surrounding
areas and suggested for environmental monitoring and
understanding pollution pathways in the environment [ 1, 24].

As the groundwater is the major source of water supply for

drinking, cooking and irrigation purposes in the study area,
the knowledge on hydro-chemical and geochemical
characteristics is more important to assess the ground and
surface water quality for understanding its suitability for
different  purposes.  Therefore,  understanding the
characteristics of mine drainage as well as water bodies is
important. However, no systematic investigation of heavy
metals concentration to groundwater has been attempted in
this study area so far. The present study was carried out to
evaluate heavy metals concentration of soil and water being
used for drinking, cooking or irrigation as well as their
relationship with the groundwater chemistry.

2. Hydrogeology of Barapukuria Coal
Basin

Based on hydrogeological setting of the BCM, mine belongs
to a much more complex hydrogeological condition than other
areas in Bangladesh [1]. In fact, the principal constraints on the
design of the BCM relate to the great thickness (~36m) of
seam, the presence of massive Gondwana sandstones and
unconsolidated Dupi Tila formation [7]. The lower formation
represents a major aquifer over the whole mine area with
thousands of sq. km. of aerial extension which is at least 100m
in thickness reaching 185m in the southern part of the mine
area and extends from beneath a shallow covering of Barind
clay residuum to its geologically unconformable contact with
the groundwater measures [1]. The Dupitila formation and
Gondwana sandstone, that is known to be hydraulic continuity
with the coal seam VI, North Slope of the Platform, Platform
Flank Zone represents a major potential hazard to the mine
from water inflow [1, 25, 26]. BCM is an independent
Gondwana coal-bearing basin, which is controlled by half-fault
Graben and unconformably laid on the denuded Archean
Basement Complex [1, 26]. Based on brilling data, the strata
can be divided into four units such as Basement complex,
Gondwana group, Dupi Tila Formation and Barind Residuum
Clay and their Lithology [25, 26], average thickness and
hydrology have been shown in Table 1.

Table 1. Hydrostratigraphic succession of the Barapukuria Coal Basin [8, 9].

q q Average

Age Group/Formation Lithology Thickﬁess ) Hydrology
Holocene Alluvium Sand, silt, clay 2 -
Pleistocene Barind Clay Residuum  Clay and sandy clay 10 Aquiclude
Pliocence Upper Dupi Tila Sandstone, pebbly sandstone and clay/mudstone 104 Unconfined Aquifer

Lower Dupi Tila Sandstone, claystone and mudstone with silica and white clay. 80 Aquiclude
Permian Gondwana Feldspathic sandstone, carbonaceous sandstone, shale, coal beds. 156 Aquifer
Precambrian Basement complex Diorite, granodiorite, quartzdiorite, granite and gneiss 84 Aquiclude

3. Materials and Methods

The study area is located in the Parbatipur Upazila,
Dinajpur district, the north-western part of Bangladesh.
Geographically, the study area is lies between the longitudes

88°56'31"E to 88°58'05"E and the latitude 25°32'17"N to
25°33'S1"N, respectively (Figure 1). The choice of the
sampling points considered location, accessibility, proximity
to residential areas and the adjacent outside area of the coal
mine. In this study, (i) nine groundwater samples in different
depth (70~220ft.) were chosen randomly in and around the
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coal mine areas, (i) two coal mine waste water samples
either treated and/or untreated among them one was drained
by the coal mine and the other one was irrigated and/or
drained by Barapukuria Coal Power Plant (BCPP), (iii) three
surficial soils (up to 20cm depth) near the drainage outlet of
BCM and BCPP in the paddy field and (iv) a coal dust
sample sieved from drainage water of BCM were collected
during March, 2015. The collected water samples were
filtered (Whatman no. 42) and preserved with 6N of nitric
acid (HNOs) for further analysis [10] and solid (Soil and coal

82

Each sample was analyzed for Fe'®, Cu, Zn, Mo, Ni, Co,
Cr, Mn, Pb, Cd, Hg and As using Induced Coupled Plasma
Mass Spectrophotometer (ICP-MS) to evaluate their
concentration levels at National Agriculture and Food
Research Organization, Japan. The results obtained were
compared with the World Health Organization (WHO, 2004)
[18], Food and Agricultural Organization (FAO, 1992) [11],
Environment Agency (EA, 2009) [12] and also Bangladesh
(2009) [13, 27] guideline standard for the specified

maximum contaminant level of heavy metals.

dust) samples were digested by EPA (3050B) Method.
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Figure 1. Location map of the study area showing sampling stations in and around Barapukuria Coal Mine (BCM).

4. Results and Discussions

The concentration level of heavy metals obtained by
analysis in water, coal dust and soil samples are mentioned in
Table 2 and Table 3. Metal concentrations of water are
measured in mg/L, but the coal dust and soils in mg/kg at dry
weight. The concentrations of heavy metals in the water, soil
and coal dust samples are shown in Figure 2 with their
individual standards using the maximum allowable limit of
World Health Organization (WHO-2004) and maximum
guideline for Bangladesh (2009) for water (Table 2), FAO

and EA permissible limit for soil (Table 3). A totals of 12
metals (Fe, Cu, Zn, Mo, Ni, Co, Cr, Mn, Pb, Cd, Hg and As)
were analyzed for which are discussed below.

4.1. Heavy Metals in Water

Results showed that As, Cu, Pb, Zn, Mo, Co, Cr, Cd and
Hg did not exhibit significant elevated levels (Table 2), but
concentration of Mn, Fe®® and Ni ranging from 0.15 to
3.85mg/L, 0 to 1.88mg/L and 0.01 to 0.09mg/L respectively
both in groundwater and mine waste water exceeded the
World Health Organization (WHO, 2004) drinking water
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guideline values of 0.4mg/L of Mn, 0.3 mg/L of Fe and of
0.02mg/L of Ni (Table 2). Heavy metals (i.e., Mn, Fe®, Ni)
found in drinking water represents a variety of health

concerns and demonstrates adverse health effect at higher
doses [14].

Table 2. Concentration (mg/L) of heavy metals measured in water and their guideline values.

Sample ID Fe Cu Zn Mo Ni Co Cr Mn Pb Cd Hg As
SW1 0.067 0.004 0.007 UDL 0.087 0.036 UDL 1.14 UDL UDL UDL UDL
SW2 UDL UDL UDL UDL 0.047 UDL UDL 0.961 UDL UDL UDL UDL
GW1 1.84 0.01 UDL UDL 0.05 0.04 UDL 2.65 UDL UDL UDL UDL
GW2 1.88 UDL UDL UDL 0.03 0.10 UDL 3.85 UDL UDL UDL UDL
GW3 UDL UDL UDL UDL 0.01 0.01 UDL 0.56 UDL UDL UDL UDL
GW4 UDL 0.01 UDL UDL 0.01 0.01 UDL 1.26 UDL UDL UDL UDL
GWS5 UDL 0.01 UDL UDL UDL UDL UDL 0.17 UDL UDL UDL 0.03
GW6 0.05 0.01 UDL UDL UDL UDL UDL 0.15 UDL UDL UDL UDL
GW7 UDL 0.00 0.17 UDL UDL UDL UDL 0.58 UDL UDL 0.09 UDL
GW8 0.59 0.00 0.01 UDL UDL 0.12 0.14 3.80 UDL UDL UDL UDL
GW9 0.65 UDL UDL UDL UDL 0.02 0.0 1.13 UDL 0.0 UDL 0.0
WHO 2004 0.3-1.0  2.00 3.00 0.07 0.02 0.05 0.05 0.40 0.01 0.003 0.001 0.01
BD Guidline-2009 (Max.) 1.00 1.00 5.00 NRG 0.10 NRG 0.05 1.00 0.05 0.005 NRG 0.05

[Note: BD- Bangladesh; GW- Ground water; SW- Surface Water; UDL-Under Detection Level; NRG- No Recommended Guideline; WHO- World Health

Organization]

Mn naturally originates as a mineral from sediment and
rocks or from mining activities and industrial waste [15]. The
concentration of the Mn in the study area ranged from 0.15—
3.85mg/L in which maximum sampling location (82%) i.e.
GW2 (3.85)>GWS8 (3.80)>GW1 (2.65)>GW4 (1.26)>SW1
(1.14)>GW9 (1.13)>SW2 (0.96)>GW7 (0.58)>GW3 (0.56)
were recorded more than WHO permissible limit of 0.4mg/L
(for Mn). Besides this, GW2 (3.85)>GWS8 (3.80)>GW1
(2.65)>GW4 (1.26)>SW1 (1.14)>GW9 (1.13) were also
exceeded maximum BD permissible limit of 1.0mg/L (Table

2). So, high Mn levels can have adverse effect on aquatic life,
water quality by expressing some symptoms like weakness,
tremors, a masklike face and psychological disturbance [16].
Besides these, the potential health effects to long-term
exposure above the maximum allowable limit (unless
specified as short-term) are fatness, glucose intolerance,
blood clotting, skin problems, lowered cholesterol levels,
skeleton disorders, birth defects, changes of hair color,
neurological symptoms [17, 18]. The most of samples of both
water types are highly contaminated by Mn (Figure 2A).

Table 3. Concentration (mg/kg) of heavy metals in coal dust, soil with their permissible guidelines.

Sample ID Fe Cu Zn Mo Ni Co Cr Mn Pb Cd Hg As
CD 88.05 5.51 8.43 UDL 5.68 22.09 67.15 132.42 0.0 0.0 0.0 1.39
SS1 124.0 13.34 34.90 UDL 19.94 137.25  139.02  364.55 6.98 024 2428 UDL
SS2 211.9 14.78 31.3 UDL 16.74 193.21 188.01  245.76 9.25 0.00 18.4 241
SS3 6.24 22.79 50.7 UDL 252 24525 24338  1966.52 16.03 0.00 0.0 6.58
FAO and EA standard 50000 100 300 75 50 50 100 2000 100 3.0 1.0 20

[Note: BD- Bangladesh; CD-Coal Dust; EA- Environment Agency; FAO- Food and Agricultural Organization; SS-Surface Soil; UDL-Under Detection Level]

It was supported by the study of Howladar et al. (2014) [1]
which obtained Fe as a range from 0.75 to 1.50mg/L by
analyzing about 50 samples of surface and ground water in
and around BCM area and was contaminated by Fe as the
maximum acceptable limit of WHO (1997) was 0.30mg/L
[1]. But in this study, the concentration of Fe ranges from
0.00 to 1.88mg/L in which GW9 (0.65)> GWS8 (0.59)
exceeded the WHO standard and GW2 (1.88)>GW1 (1.84)
exceeded both of WHO and BD maximum permissible limit
of 1.0mg/L which indicated the occurrence of contamination
of some ground water samples by Fe (Figure 2A). This
higher concentration of Fe in water is associated with
imparting brownish to laundered clothing and causes staining
of bathroom fittings and encrusting in water modes [1, 19].

Ni has been considered to be an essential trace element for
human and animal health. The maximum permissible limit of
WHO for Ni in water is 0.02mg/L [WHO 2004].
Concentration of Ni in water samples ranged from 0.00 to
0.087mg/L in which 36% of samples
(SWI1>GW1>SW2>GW2) exceeded the WHO permissible
limit (Figure 2A). As the BD permissible value for Ni is
0.1mg/L, it is not a severe contamination for Bangladesh and
can be used for an irrigation purpose as it does not cross the
limit of 1.4mg/L [22]. But, drainage water contains high
concentration of Ni that may result to contamination of
ground water in recent future. High quantities Ni can also
cause cancer, respiratory failure, birth defects, allergies,
dermatitis, eczema, nervous system or heart failure [19].
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Figure 2. Concentration (mg/L) of Fe'

Ni and Mn in water (A); concentration (mg/kg) of Co, Cr and Hg in coal dust and soil (B) showing the acceptable

value line. (Note: CD-Coal Dust; GW- Ground water; SS-Surface Soil; SW- Surface Water).

4.2. Heavy Metals in Soil and Coal Dust

The concentration level ranged from 13.34 to 22.79mg/kg
of Cu, 31.28 to 50.71mg/kg of Zn, 6.98 to 16.03mg/kg of Pb,
0.00 to 0.24mg/kg of Cd and 0.00 to 6.58mg/kg of As while
Mo was not detected in soils. The FAO permissible limit of
Cu is 100mg/kg, Zn is 300mg/kg, Mo is 75mg/kg, Pb is
100mg/kg, Cd is 3mg/kg and As is 20mg/kg [20]. Therefore,
the concentration of these elements in soil does not exceed
the FAO permissible limit which indicated that no
contamination was detected in soils by these metals. But in
some cases, it is said that the maximum allowable
concentration limit for Mn is 630-636mg/kg. Considering
with this level, it may be revealed that the soil is
contaminated by Mn and this level is high enough for
absorption of Mn by plant and vegetation.

Cr enters environment from old mining operations runoff
and leached into groundwater, fossil-fuel combustion,
cement-plant emissions, mineral leaching, and waste
incineration [18]. The concentration of the Cr was in the soil
of the study area ranging from 139.02 - 243.38mg/kg which
was more than the maximum acceptable limit of Food and

Agricultural Organization (FAO, 1992) of 100mg/kg.
Consequently, the soils of BCM and BCPP area are highly
contaminated by Cr. Therefore, the plants, animals as well as
human beings are in danger because Cr contamination may
lead to skin rashes, stomach ulcers, respiratory problems,
weakened immune systems, kidney or liver damage,
alteration of genetic material, lung cancer and ultimately
death [17, 18, 21].

Co also contained at a very high concentration level in soil
of the study area as like as Cr ranging from 137.25 mg/kg to
245.25mg/kg while the maximum acceptable limit set by the
Food and Agricultural Organization (FAO, 1992) is 50mg/kg.
The toxic effects on plant are unlikely to occur below soil Co
concentrations of 40mg/kg and plant species vary in their
sensitivity to Co, and soil type and soil chemistry greatly
influence Co toxicity [21]. One of the most important soil
properties is soil acidity. It is investigated that the more
acidic soils which contain Co at any concentration are greater
potential for Co toxicity [20]. However, the soils of the study
area are highly contaminated by Co and the plant, animals as
well as human beings are at risk under the Co contamination.

The concentration level of Hg in all soil samples were
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recorded from 0.00mg/kg to 24.28mg/kg which is much
higher (especially at SS1 and SS2) than EA guideline of
1.0mg/kg. The United Kingdom (UK) Soil and Herbage
Survey (SHS) is a comprehensive survey of the
concentrations of major contaminants in soils and herbage
across the UK and SHS was found total mercury
concentrations in the range 0.07 to 1.2mg/kg for rural soils
[12]. As the soils of BCM area are mainly rural, the soil is
highly contaminated by Hg. Inorganic mercury may occur in
three different valent states in soil depending on factors
including redox potential, pH, soil organic matter (SOM)
content and chloride ion concentration and elemental
mercury (Hgo) is stable in the presence of sulfide species
under strongly reduced conditions, but at increasing redox
potential, it will precipitate as mercury sulfide and it is also
formed by microbial transformation from Hg (II) and, due to
its volatility, is an important component in the cycling of
mercury between soil and air [12].

The concentration levels of all heavy metals in coal dust
did not exceed the recommended level.

Considering the presented results we hope to encourage
health authorities to take further research steps toward
epidemiological investigations and obtain  detailed
information on the human exposure to heavy metals and
other trace elements.

5. Conclusion

The presence of high concentrations of Mn, Fe*® and Ni
i.e., 82%, 36% and 36% respectively of the studied samples
above the WHO, 2004 drinking water guidelines values that
are large enough to be considered a public health concern.
Thereafter, the concentrations of Co, Cr and Hg in the
surficial soils were higher than the safe values which indicate
that the soils around BCM area has been contaminated at a
moderate to higher polluted level. This study suggested that
point sources of heavy metals in the water and soils should
be closely monitored; improvement of conditions and
industrial (of BCM and BCPP) effluent and waste discharge
should be reduced.
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