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Abstract
The study area Tamabil, Sylhet, is an important area in importing coal and its storing for 
supplying to different industrial uses in Bangladesh. This area is located in the north-east-
ern part of Bangladesh. Currently, the water environment in the study area is threatened by 
the processing of high sulphur coal, agricultural activities, and other anthropogenic effects. 
Hence, the protection of water resources in terms of quality and quantity from such con-
tamination should be considered a serious issue. From this view point, this study intends 
to evaluate the hydrogeochemical characteristics and sulphate contamination of water bod-
ies in the area. The hydrochemical evaluation of water for all samples has been carried 
out under standard laboratory methods with various diagrams, charts, and statistical meth-
ods. From the results of the laboratory testing, it has been observed that the water in the 
wells close to the coal stock pile is highly acidic (pH = 3.41), whereas the water shows the 
standard pH values as its distance increases from the stock area. The hydrogeochemical 
evaluation of water under the Piper chart implied that mixed type of water facies such as 
(i) Ca–Mg–Cl (38.7%), (ii) CaHCO3 (38.7%), (iii) NaCl (16.12%), and (iv) CaCl (6.4%) 
are dominant in the area. The Gibbs diagram showed the rock- and evaporation-dominant 
mixed environment, while the Durov Diagram reflected mixing–dissolution state with few 
in reverse ion-exchange condition. These results suggest that the major geochemical facies 
and evolution of water are prevailed by the carbonate rock dissolution and the weathering 
process. In the case of sulphate contamination, the overall concentration of sulphate falls 
within the standard limit of WHO and EQS, but this study observed that the intensity of 
SO4 is high in the samples adjacent to the coal stock pile. These scenarios entailed that 
the stored coal is primarily responsible for it while the sulphur content ranges from 1.42 
to 7.26 Wt% (average 3.73 Wt%) of this coal. In addition, the leaching experiment of this 
coal shows that the pH values of the water reduce from 7 to 1.2, consequently increasing 
the acidity of the water environment around the area. In conclusion, this study recommends 
that (i) more cautious and watchful activity has to be taken to import, store, and use this 
coal; (ii) more precautions have to be considered to protect the water from such contamina-
tion to save the green environment as a whole for the present and future.
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1  Introduction

Water is the most essential element among resources existing in nature. Water is present 
everywhere, but its availability has always been limited in terms of quantity and quality, 
especially in coal mining as well as coal stock pile areas (Cutruneo et al. 2014; Dias et al. 
2014; Howladar 2012, 2017; Howladar et al. 2014; Martinello et al. 2014; Sanchís et al. 
2015; Silva et al. 2012). Water is used for different purposes for the advantage of mankind 
such as drinking, irrigation, municipal and industrial uses, hydropower generation, flood 
management, fish farming, navigation, ecological needs, and recreation. Unfortunately, 
this valuable resource is contaminated through various ways causing different life-threat-
ening diseases and environmental pollution all over the world. In the case of Bangladesh, 
it is one of the most populous countries in the world, located in the eastern part of the 
Asia, importing a large quantity of coal for the power generation sector and its depend-
ent industries (Imam 2005). However, the imported coal is primarily stored in the specific 
coal stock pile in Tamabil; then, it distributes to different industries in the country. This 
coal contains high levels of ash, sulphur, and arsenic (Pronab and Mrinal 1996; Hashan 
et al. 2013, 2016). Also, it contains many heavy metals such as lead, mercury, nickel, tin, 
cadmium, antimony, thorium, and strontium. In fact, many of these heavy metals are mixed 
with soil and water by leaching at the time of rain, causing acute or chronic toxicity in the 
soil and water environs (Finkelman et al. 1990; Gutta 1999). Moreover, the leached water 
from coal stock piles can be acidic and contains toxic trace elements (Hower et al. 2013; 
Ribeiro et al. 2013). As a result, the surface and subsurface water is turning unsafe for agri-
culture, human consumption, bathing, or other household uses (Tiwary 2001). Thus, from 
these features, it can be noted that water as well as soil environs close to the coal stock 
pile is polluted day by day, especially through the leaching of sulphate, arsenic, iron, etc. 
(Arenas-Lago et al. 2013; Cerqueira et al. 2011, 2012). Therefore, a detailed research for 
understanding the quality of water bodies, their interaction with the surface and subsurface 
environment, the possible impact as well as a sustainable management plan is very much 
needed. From these points of view, this study aims at (i) evaluating the chemical character-
istics and hydrogeochemical facies of water bodies; (ii) assessing the intensity of sulphate, 
possible sources, and the contamination of water environs. At the end, it illustrates the nec-
essary recommendations for managing water environmental contamination around the coal 
stock pile.

2 � Geographical setting of the study area

The study area is located in the north-eastern corner of Bangladesh, about 55 km away 
from the district headquarters of Sylhet and about 500 m south from the border of India 
(Fig. 1). It adjoins with three northeast Indian states, namely Assam, Meghalaya, and 
Tripura. The geographical settings around the area are awfully nice and prospective. 
The investigated area is bounded from west to east by the Khasi–Jaintia hill range, 
which is bordered on the northeast by the abrupt scarp of Shillong plateau of 4000 to 
6000 feet high. The region is almost hilly. The high plains of the region are higher land 
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than the Haor basin, and the streams are rather deep-rooted. The hill tracts are anti-
clinally folded, recognized as the remnant of Pleistocene Terraces. A variety of small-
to-moderately elevated hillocks are present here. The elevation of the area ranges from 
60 to 340 feet. The area exhibits moderately hilly topography. The hills that charac-
terize low-to-moderate elevation are east–west trending (Shaha 2014). The maximum 
and minimum temperatures of the region range from 10 to 32 degree celsius, and the 
annual rainfall is about 5000 mm. Also the maximum humidity and fog are common in 
winter. The groundwater in the study area occurs at a shallow depth. In the hilly area, 
the Pliocene Tipam sands serve as aquifer. The water table lies close to the surface and 
fluctuates with the annual recharge and discharge condition in the area. The recharge to 
the aquifers is mainly from the vertical percolation of rainwater and floodwater (Sham-
sudduha et al. 2009). The biggest group of the people is Bangali, and other includes the 
Khasia, Tipra, and Garos. They still live in their primitive way in the hills. The other 

Fig. 1   Location of the sampling of the study area
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remarkable tribes found here are the Oriya people who were brought to this region in 
the first quarter of the last century. 

3 � Sampling and analytical methods

This study firstly reviews the available physical resources on the geographic and hydrologic 
setting, imported coal quality, and water environs. Secondly, the intensive field investiga-
tion programs were conducted to recognize different sources such as ponds, canals, arte-
sian sources, shallow wells, deep wells, and dug wells near and far from the coal stock pile 
from which samples were collected. During the field investigation and sample collection, 
all samples were collected in 1500-ml plastic bottles from the selected wells. The latitude, 
longitude, and elevation were recorded at that time with the help of a GPS (Global Posi-
tioning System) Metre. The details information about samples and the place was also col-
lected. The dry, clean, and sterilized plastic bottles were used to maintain natural condition 
of water for laboratory analysis. Moreover, cautious care was taken for all times during the 
sample collection to assure samples were not contaminated. Immediately after sampling, 
pH and EC values were measured in the field by a portable pH and an EC/TDS metre. The 
temperature was measured with a normal mercury thermometer. Evaluation of chemical 
parameters of the collected water was analysed in the water treatment laboratory in the 
Barapukuria Thermal Power Station, Dinajpur. Different standard methods were used to 
evaluate the specific parameters of the water within a month after the sampling time. The 
summary of the laboratory analysis results is shown in Tables 1 and 2. The electrical con-
ductivity (EC), pH, and temperature (T) of the samples were measured in situ condition. 
In fact, a 0.45-lm cellulose acetate syringe filter was used to filter the cation and the anion 
samples. The cation samples were acidified to a pH value of 2 using nitric acid. In par-
ticular, the sodium (Na+) and potassium (K+) were measured using the flame photometer 
(Model No. PEP 7 and PEP 7/C). The calcium (Ca2+) and magnesium (Mg2+) were deter-
mined titrimetrically using the standard EDTA. The chloride (Cl−) values were determined 
with an ion-selective electrode method (Cole-Parmer iodine electrode, model no. 27502-
13). Bicarbonate (HCO3

−) concentrations were determined by a potentiometric titration 
method. Sulphate (SO4

2−), ortho-phosphate (PO4
3−), and dissolved silica (SiO2) analyses 

of samples were carried out under the UV–visible spectrophotometer. Nitrate (NO3−) was 
measured with an ion-selective electrode method (Cole-Parmer iodine electrode, model 
no. 27502-19). The high-purity analytical reagents were used throughout the whole study, 
and the chemical standards were prepared separately for each element. Arsenic (As) was 
tested by using the Hach EZ Arsenic test kit (calt. No. 28228-00). The total dissolved sol-
ids (TDS) were estimated from cation and anion contents by the calculation method (Hem 
1991). However, the similar physical and analytical procedures were previously reported 
by many researchers such as Howladar et al. 2013, 2017a, b; Howladar and Rahman 2016; 
Martinello et  al. 2014; Ramos et  al. 2015; Tezza et  al. 2015. At the end, the hydrogeo-
chemical facies and water type have been interpreted with the help of different established 
charts and diagrams (e.g. Gibbs diagram, Piper chart, and expanded Durov diagram) in the 
research. Subsequently, a leaching experiment was conducted under SW 486, EPA method 
1312 (Synthetic Precipitation Leaching Procedure, SPLP). The experiment was started by 
preparing the mixed acid solution. The subsequent stages of this analysis and the state of 
pH values were monitored and noted for different times.  
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4 � Results and discussions

4.1 � Hydrochemical evaluation

Hydrochemical evaluation is an important factor to understand the suitability and stand-
ard of water for drinking, domestic, agricultural, and industrial purposes (Subramani et al. 
2005). The tested chemical compositions of the samples collected from the studied area are 
shown in Tables 1 and 2. In particular, the analytical results of pH value ranges from 3.41 
to 7.86 are shown in Fig. 2a. The intensity of contour map shows that the low pH value 
(3.41, sample no 2) of water is very close to the coal stock pile that reflects the acidic water 
environment. It is well known that if the pH value is 7, it is considered as neutral state 
(Reddy 2012). The overall observation of the analysis shows that maximum water samples 
are in acidic state, while some samples are in alkaline. The pH value of water is controlled 
by the amount of dissolved CO2, carbonate, and bicarbonate concentrations (Zhou et  al. 
2012). From the human consumption point of view, all the samples should not be consid-
ered as potable, as they show strongly acidic state for some cases. Electrical conductivity 
is a measure of water capacity to convey electric current. It was observed that the electrical 
conductance values of water sample range from 2210 µS/cm to 130 µS/cm. The maximum 

Table 2   The statistical summary of laboratory analysis of chemical components of water samples in the 
area

Parameters (unit) Minimum Maximum Mean STD Max. permis-
sible limit (WHO 
2011)

TDS (mg/l) 48 695 268.9844 183.5727 500
pH 3.41 7.86 6.23 1.261712 6.5
Conductivity (µS/cm) 101 2210 722.375 631.5758 500
Turbidity (NTU) 3.5 97 22.79688 26.05876 < 5
Alkalinity mg/l (as CaCO3) 0 112 22.7725 23.68346
Total hardness mg/l (as CaCO3) 21 100 41.32813 21.67711 100
Fe3+ (mg/l) 0.015 0.34 0.141663 0.096168 0.3
Ca2+ (mg/l) 10 95 32.17188 20.46461 75
Mg2+ (mg/l) 1 24 9.15625 5.812164 50
NH4 (mg/l) 0.0235 11 0.433266 1.931079 35
PO4 (mg/l) 0.25 15.3 5.981563 2.855584 0.5
Acidity mg/l (as CaCO3) 0 49 12.90313 16.04869 –
Suspended solid (mg/l) 10 560 94.75938 142.8303 –
Na+ (mg/l) 6.3 57 31.89688 14.99087 –
K+ (mg/l) 1.2 12 5.809375 2.889174 10
As3+ (mg/l) 0.001 0.038 0.009116 0.010308 0.01
NO3 (mg/l) 0.014 0.76 0.326688 0.205364 45
SO4 (mg/l) 2.5 200 37.38438 37.39304 250
Cl (mg/l) 1.28 25.56 6.282813 5.833928 250
Si (mg/l) 0.74 24.34 9.218219 4.492828 –
HCO3 (mg/l) 0 112 22.7725 23.68346 500
CO3 (mg/l) 3 77 20 15.61843 –
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value of EC was recorded as 2210 µS/cm in the surface water samples (Fig. 2) which is 
close to coal stock pile. These values indicate the presence of some dissolved inorganic 
substances in the ionized form in the water. The EC values of dug well range from 1959 
µS/cm to 186µS/cm. At a glance, the EC values of canals, ponds, and field water are higher 

Fig. 2   The concentration of some representative ions of water bodies around the studied area. Figure a, b, 
c, d, e, and f represents the intensity of pH, TDS, Cl, Ca, No3, and PO4, respectively
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than that of dug wells water. The turbidity of samples ranges from 3.9 to 97 NTU besides 
the mean total dissolved solids value is 270.73 mg/l. However, the ranges of TDS should 
be from 500 to 1500 mg/l (WHO 2011). The TDS was found to be within limit, while the 
maximum value of the TDS of 695 mg/l (sample no 2, Fig. 2b) was recorded near the coal 
pile. The minimum value 48 mg/l (sample no 19) was found in the dug well stands far from 
the stock pile. The hardness of the water shows variable values. The hardness has been cal-
culated as CaCO3 in mg/l. Hardness results from the presence of divalent metallic cations, 
of which calcium and magnesium are the most abundant one. The total hardness in water 
samples ranges from 21 to 100 mg/l which thoroughly belongs to the limit (500 mg/l) pro-
posed by WHO (2011). The iron (Fe3+) concentration in the area varies from 0.015 mg/l 
to 0.34 mg/l. The dug well ranges from 0.01 mg/l to 0.34 mg/l. Fe in the water is acquired 
from the weathering process of minerals. Under the reduction condition, the ferric oxides 
and oxyhydroxides such as haematite (Fe2O3) or goethite (FeOOH) could possibly leach 
out as dissolved Fe (Zhou 2012).

The mean magnesium concentration of water shows the natural condition. The con-
centration of magnesium of a large number of samples falls between 1 mg/l to 40 mg/l. 
Chloride can be used as an important index to assess the influence of seawater intrusion. 
The chloride (Fig. 2c), potassium, and sodium concentrations in water vary from 1.28 mg/l 
to 25.56  mg/l, 1.4  mg/l to 11.7  mg/l, and 6  mg/l to 49.8  mg/l, respectively. The meas-
ured highest intensity of arsenic in the study area is 0.038 mg/l (sample 2), found close 
to the coal pile. In fact, the standard permissible limit of the arsenic in drinking water is 
0.05 mg/l (WHO 2011). The mean value of phosphate (Fig. 2) in water is in permissible 
limit ranges from 0.25 mg/l to 8.3 mg/l. The highest value of sulphate (200 mg/l, sample 
no 2) was found in the canal water passed through the coal stock pile. The minimum value 
(2.5  mg/l, sample no 19) was recorded in filed water that is far from the coal pile. The 
ranges of ammonia content in water samples are recorded from 0.053 mg/l to 0.53 mg/l. 
The copper concentration of the study area was below the detection level. The nitrate, cal-
cium, carbonate, bicarbonate, suspended solid, and soluble silica concentrations are in the 
allowable limit for different uses (WHO 2011).

Hydrochemical characteristics of the water are influenced by the source materials such 
as a variety of physical, chemical, and biological processes in the area. Moreover, for 
understanding the various hydrochemical mechanisms of the water chemistry and quality 
around the area, the 1:1 ratio plots and cross-plots for different elements were constructed 
considering the major and minor ions concentration of water (Fig.  3). In particular, the 
plot of Ca + Mg and HCO3, the SO4 versus Ca + Mg, the HCO3 and Cl, the Cl against Na 
plot, Cl and SO4, Cl against K, Ca + Mg against Na + K, Ca with Cl, and Cl + SO4 versus 
Mg + Ca (Fig. 3) display that the sample points are aligned to positive linear trend but are 
spread above and below the unit line. In fact, the low abundance of HCO3 and SO4 than 
Ca + Mg and Cl (Fig. 3a and b) suggests the influence of mixing chemical environments 
such as partly the marine environment and partly the anthropogenic activities on the major 
ion of the water (Rao and Rao 2009). The relative abundance of Na, K, and Ca is higher 
than that of the Cl ion shown in Figs. 3d, f, and h. However, in Figs. 3c and e Cl concentra-
tion is more dominant than that of the HCO3 and SO4. The ionic loads relationship between 
some elements, namely Na + K>Ca + Mg and Cl + SO4 < Mg + Ca, was also observed from 
Figs. 3g and i, respectively. Moreover, the overall ionic distribution and the relative abun-
dance of water bodies suggest that these ions enrichment contributes to several processes 
such as the natural with multiple anthropogenic sources, the leaching of stock coal, the 
existing agriculture activity, and the organic decompositions (Kumar and Ramanathan 
2008 and Kumar et al. 2009).
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4.2 � The application of Gibbs, Piper, and expanded Durov diagram to evaluate 
the hydrogeochemical facies and water types

The Gibbs (1970), Piper (1953) and an expanded Durov (1948) diagram have been applied for 
assessing the hydrogeochemical facies and water types. The drawing of this chart and graphic 
has been completed with the help of the Rock Ware, the surfer 9, and the AquaChem Soft-
ware. The Gibbs (1970) diagram is an essential method for estimating the geochemical pro-
cesses of various chemical parameters of water bodies. It is constructed based on the ratio of 
some anions and cations that can be expressed with the following relations:

(1)GR−I(for anion) =
Cl

(

Cl + HCO
3

)

Fig. 3   The relative abundances and ionic load relationship among different representative components of 
water bodies in the study area
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where the unit of all the ions is meq/L. In this study, the ratio of different ions belongs to 
the rock-dominant region (Fig.  4). This attribute replicates that all the water of the area 
have long time interface with the rocks. In Fig. 4, some ions are spread around the bound-
ary between the rock and the evaporation-dominant fields. This situation indicates that the 
evolution of water chemistry is partly influenced by the evaporation process. However, it 
is known that the marine processes have a direct role to raise the Na and Cl− ions in water 
environment, consequently increasing the quantity of TDS in water (Rao 2007 and Reddy 
2012). As a result, some ions shift towards the boundary between the rock and the evapo-
ration zone (Rao and Rao 2009; Reddy 2012). This study also adopts the Piper diagram 
(1953) to recognize and classify the hydrogeochemical facies and the groundwater types 
around the area. The samples have been ploted on the Piper diagram with the help of Aqua-
chem software which are shown in Fig. 5. The samples were plotted using piper diagram 
which is shown in Fig. 5. This figure shows four different groups of ionic concentration 
of the water sample that are summarized in Table 3. In general, the sample can be classi-
fied into six fields in the piper diagram, namely CaHCO3 type, NaCl type, CaMgCl type, 
CaNaHCO3 type, CaCl type, and NaHCO3 type (Ghoraba and Khan 2013; Kumar 2013). 
In this diagram, about 38.7% of samples are occupied in the middle upper side of the dia-
mond shape. This group indicates mixed water (chloride-calcium and chloride magnesium 
water type). On the other hand, another 38.7% (Table 3) of samples covered in the upper 
corner of the diamond shape implied that these samples belong to the calcium bicarbonate 
water type of the hydrogeochemical facies (Hossain et al. 2010). As a result, the major ion 
chemistry of the area is dominated by the carbonate rock weathering, i.e. calcite and dolo-
mite are responsible for water chemistry (Dalai et al. 2002). The rest of the facies are NaCl 
and CaCl types (Table 3), and are covered about 16.12% and 6.4% samples, respectively.  

(2)GR−II(for cation) =
(Na + K)

(Na + K + Ca)

Fig. 4   The Gibbs diagram for different samples are plotted alongside their relevant total dissolved solids
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In addition, the Durov (1948) diagram is applied to provide more information on the 
hydrogeochemical facies with their possible geochemical processes. The construction of 
this diagram is based on the percentage of major ions that are expressed in mg/L. For this 

Fig. 5   The Piper plot showing the hydrochemical facies of water sources around the study area

Table 3   The principal hydrogeochemical facies are recognized from the Piper diagram

No. Hydrogeochemical facies Sample types Total sample Percentage (%)

1 CaHCO3 Subsurface (4)
Surface water (8)

12 38.7

2 NaCl Subsurface (5) 5 16.12
3 Mixed Ca Na HCO No samples 0 0
4 Mixed Ca–Mg-Cl Subsurface (7)

Surface water (5)
12 38.7

5 CaCl Subsurface (1)
Surface water (1)

2 6.4

6 Na HCO3 No samples 0 0
Total 31 31 100%
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calculation, the total volume of cations and anions together would be the 100 per cent 
(Burden and Mazloum 1965; Howladar et  al. 2014). The major cations and anions were 
plotted in the Durov diagram under the AquaChem software. The results are shown in 
Fig. 6. It indicates that most of the samples belong to the mixing–dissolution phase with 
a few in the reverse ion-exchange condition. Thus, these results implicate the mixed type 
of water facies such as calcium bicarbonate, calcium–magnesium-chloride, and calcium-
chloride types of hydrogeochemical facies around the coal stock area. It indicates the shal-
low recently recharged young water in the area (Davis and Exley 1992; Ahmed et al. 2000; 
Hossain et al. 2010; Howladar 2012, 2014).

4.3 � The intensity of sulphate concentration with its possible source of origin

The concentrations of sulphate ranges from 2.5 to 200 mg/l were found in the study area. In 
fact, the sulphate intensity contour map (Fig. 7) shows that the maximum sulphate concen-
tration (200 mg/l, sample number 2) is very close to coal pile and the minimum (2.5 mg/l, 
sample number 18) is far from the coal pile. The mean concentration is 37.54, whereas the 

Fig. 6   The Durov plot shows the hydrochemical facies of water resources around the study area
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overall sulphate concentrations gradually decrease in both the surface and subsurface water 
as the distance increases from the pile. Based on these concentrations, the water in the area 
can be classified into two categories such as low sulphate (2.5 mg/l) and moderate-to-high 
sulphate (200 mg/l) water. Usually, the water from the nearest sampling points of coal pile 
reflects high sulphate concentrations. The intensity of sulphate is low in left top side high 
elevated area (123 ft) of contour map and close to the coal stock pile. Besides, the low ele-
vated area of right side (35 ft) shows comparatively the higher concentration. These typical 
characteristics indicate that the uplifted area is less vulnerable than the basinal area as coal 
washing/dressing or leaching water directly deposits in this depressed area. On the whole, 
when the water contains high concentration of sulphate, this scenario reflects a good affin-
ity between sulphate, calcium, magnesium, and bicarbonate. This feature also implies the 
similar sources for sulphate and these ions. For example, mineral dissolution of carbonates 
and sulphate deposits or similar processes are responsible for the high intensity of SO4, 
whereas the low sulphur water does not have the well-built affinity to other solute concen-
trations in the water (Gráfias et al. 2010). In view of recognizing these relationships, Fig. 8 
is constructed for all the surface and subsurface water. This figure shows that the correla-
tion between sulphate with pH, TDS, Cl, Ca, Mg, and HCO3 is well analogous. Thus, these 
results pointed out that the sources of such ions are same as the high intensity of sulphur 
ions area that has the high intensity of these ions (Fig. 8). In addition to understanding the 
visible source of sulphate and other ions, this study reviewed and analysed 18 coal samples 
from these stock piles from 2011 to 2014. The summary of the results is shown in Table 4. 
The maximum, minimum, and average values of these samples are 7.26, 1.42, and 3.73 
(Wt%), respectively, which implied that the imported stock coal is high sulphur coal (Ward 
1984). As a result, this scenario reflects that this high sulphur coal is one of the sources of 
sulphate in the area. In addition, the other anthropogenic supplies of the pollutant in the 
water, namely industrial, agricultural and the municipal waste, are also responsible for it.  

4.4 � Implication about the environmental contamination around the study area

Currently, the water environment as well as the overall environments is under threat 
and stress due to different natural and man-made activities. In particular, the modern 

Fig. 7   Intensity of sulphate in study area; circle marks indicate the subsurface, and triangle marks indicate 
surface water
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urbanization and the industrialization are mentionable. In the case of expanding techno-
based industries in the country, an uncut electricity or power supply is very much essen-
tial. In this situation, the country imports a large amount of coal through Tamabil bor-
der of Sylhet for every year. Primarily, it is stored in different open stock areas for about 
the whole year. Small portions of this coal such as coal fines, ash, and dust are mixed 
with environment through water, air, rain, and so on. Consequently, it contaminates the 

Fig. 8   Relationship between sulphur and Cl, Ca, Mg, TDS, HCO3, and pH concentrations around the study 
area
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environment. The utilization of coal for producing energy can be considered as one of the 
vital parameters to contaminate the environment (Safiullah et al. 2011; Howladar and Islam 
2016). The environmental impacts from coal-based industries might not be ignored, even 
if it plays an immense role in the development of social and economic status of a coun-
try (Ram and Masto 2010). High sulphur coals have a notable effect on the environments, 
especially when these coals are used as a fuel (Pronab et al. 1996). In weathered condition, 
coal sulphur percolates with groundwater making the water highly acidic and causing the 
problem of the acid mine drainage (Gupta et al. 1977). However, this study tested some 
coal samples from the coal stock pile and the results (Table  4) show that the imported 
stock coal in Tamabil is highly sulphurous and low-grade lignitic coal. On the other hand, 
the chemical characteristics of water around the coal pile are imbalanced for some cases. 
For example, the pH value is very low (pH value 3.41, sample number 2), EC value is very 
high (2210 µS/cm, sample number 1), TDS, Cl, Ca, NO3, PO4, SO4, and others that show 
the higher concentration in water samples (Fig. 2) are close to the coal pile. The case of 
low pH value of 3.41 reflects an acidic water environment around the area which might 
be due to the influence of leaching and weathering processes of this high sulphur coal. 
Moreover, the leaching experiments were performed to show the relationship between the 
pH and sulphur. The results of these experiments are shown in Fig. 9. It is observed that 
the pH values decreased in noticeable level ranges from 7 to 1.2 after leaching. The main 
reasons are that the concentration of sulphur is high in fresh coals that are responsible to 
increase the acidity of the water environment, the soil environment, and others around the 
area. These results have a good agreement with the former researches by Van der Sloot 
et al. (1997) and Jang et al. (2002). They explained that high sulphur has an inclination to 
leach more in an extremely acidic pH condition. In fact, under the course of leaching, some 
minor elements such as sulphides will be melting completely or partly and separate from 
the coal. These sulphide oxides react with the water and other environmental components, 
forming the toxic elements in environment. Consequently the water, soil, and others parts 
of environment are polluted which unswervingly distress the normal natural environment 
for lives and the growth of plants and living organisms. Therefore, it is noticeable that the 
water environment close to coal pile is highly acidic. It will be more and spreading for 

Table 4   The intensity of sulphur content in the coal of the coal stock pile, Tamabil, Sylhet (Howladar et al. 
2018)

Ward (1984): 0–1%; 1–3% and > 3% are low sulphur, medium sulphur and high sulphur coal, respectively

Samples Concentration of 
sulphur (Wt%)

Coal grade based on 
sulphur concentration

Samples Concentration of 
sulphur (Wt%)

Coal grade based on 
sulphur concentra-
tion

1 5.3 High sulphur coal 10 4.68 High sulphur coal
2 2.5 High sulphur coal 11 3.54 High sulphur coal
3 3.9 High sulphur coal 12 3.71 High sulphur coal
4 3.28 High sulphur coal 13 4.19 High sulphur coal
5 3.31 High sulphur coal 14 3.83 High sulphur coal
6 3.1 High sulphur coal 15 4.63 High sulphur coal
7 3.73 High sulphur coal 16 3.34 High sulphur coal
8 3.48 High sulphur coal 17 7.26 High sulphur coal
9 1.42 High sulphur coal 18 1.89 High sulphur coal
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large areas with time. Accordingly, the water as well as the overall environment has consid-
erable chances to distress and imbalance for the present and future.

5 � Summary and conclusions

In this study, we performed the detailed hydrochemical investigation with the sulphate con-
tamination and the environmental pollution around the area. In the case of chemical and 
statistical analysis, 31 surface and subsurface water samples were collected from the adja-
cent area of the coal stock pile. The chemical characteristics of water analysis are presented 
by the estimation of TDS, pH, EC, Ca2+, Mg2+, K+, Na+, Fe2+, As3+, Cu2+, CO3

2−, PO4
3− 

HCO3
−, SO4

2−, NO3, SO4, NH3, Cl−, suspended solid, alkalinity, and acidity in laboratory.
The results of laboratory-tested water samples and intensity of different locations 

have been elucidated with the help of statistical analysis, Gibbs ratio plot, Piper diagram, 
expanded Durov diagram, and leaching experiments were performed to illustrate the 
chemical characters of water, hydrogeochemistry, and possible sulphate contamination in 
the environment around the study area. The concentrations of major ions in surface and 
groundwater are within the tolerable limit. The intensity of cations and anions concentra-
tions is Ca2+ > Na+ > Mg2+ > K+ > Fe 3+ and SO2− > HCO3

− > CO3
2− > Cl−, respectively. 

The concentration of all the cations and anions are high at close to the coal stock and grad-
ually decreases with distance from the pile. The pH of the study area ranges from 3.41 to 
7.86, where the standard pH value ranges of water are from 6.5 to 8.5. This result indicates 
that water closest to the coal pile is acidic, but alkaline nature exists far away from the 
stock pile. Various ions, namely the iron, sulphate, nitrate, phosphate, total hardness, and 
chloride, were found within the permissible limit of both the Bangladesh and the WHO 
standard value.

In case of hydrogeochemical evaluation, the Gibbs diagram states that the ratio of dif-
ferent ions belong to the rock-dominant region. And some ions are shifted towards the 

Fig. 9   The intensity of pH values of the high sulphur coal solution before and after leaching
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boundary between rock- and evaporation-dominant fields. It indicates the influence of 
rocks on the water bodies in the area. The Piper’s diagram reveals that two major and two 
minor hydrogeochemical facies prevail in the area, which is:

	 (i)	 Major facies: CaHCO3 and mixed Ca–Mg–Cl;
	 (ii)	 Minor facies: NaCl and CaCl.

The expanded Durov diagram implies that the majority of samples show the mixing–dis-
solution phase with a few in reverse ion-exchange state. These scenarios recommend that 
the evolution of hydrogeochemistry is habitually controlled by the carbonate rock dissolu-
tion and the weathering processes.

The average concentrations of sulphate are lower than the allowable limit of the WHO 
and EQS. The water samples closest to coal stock pile (sample number 1, 2, 3, and 4) show 
the maximum values of SO4. Interestingly, the pH value of water samples (2, 4, and others) 
adjacent to the coal pile as well as in the downstream area reflects an acidic water envi-
ronment. This result is due to the influence of leaching and weathering processes of high 
sulphur coal of the stock pile. In fact, this observable fact was validated by the leaching 
of high sulphur coal. This experiment illustrates that the pH value of the solution reduced 
from 7 to 1.2 after leaching. Moreover, the interactions between rock and water, especially 
the chemical weathering of rocks for long time, is another source of enhancing the inten-
sity of sulphate in the area for the present and future.

Therefore, this study suggests primarily that strong carefulness might be required to 
store this coal; secondly, the proper awareness and the monitoring programs might have to 
be taken to save the water and the environment as a whole in the area; and finally, the legal 
and the responsible authority might have a good environmental management plan to mini-
mize such impacts on the green environment for the future.
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