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1. Introduction 

he higher costs of oil and gas to generate electricity 

impetus to utilize alternate economic fossil fuel (i.e. 

coal) with an environmental consideration in the developing 

countries [1]; since about 186 billion tons of coal have been 

estimated to fulfil energy demands for many decades in 

Pakistan [2]. The contribution of coal for the power 

generation is about 5% of the total power generation in 

Pakistan [3]. In Pakistan, new coal-fired power plants are 

designed to produce 4290 MW and 5201 MW energy by 

utilizing indigenous and imported coal, respectively by the 

end of 2021 [4]. The mining activities of newly explored 

coal fields in Pakistan would severely disturb flora and 

fauna with an additional damage to human health and 

environment, as reported by several researchers around the 

world [5-15].  

Although, various research studies have been conducted to 

minimize the effects of environmental impacts of coal-fired 

power plants in Pakistan [16, 17]. However, the effects of 

the underground coal mining on various environmental 

factors (such as soil, water, air, biodiversity and surface 

subsidence or cracks) with an additional factor of 

reclamation plan have not yet been focused neither by coal 

mining companies nor by the regulatory authorities in 

Pakistan. In contrast, several negative effects of 

underground coal mining on the soil properties and other 

environmental factors have been reported by several authors 

from different countries [5-14]. The cumulative effects of 

underground coal mining on the soil, air, water and surface 

land (i.e. subsidence or cracks appeared to surface 

structures) are illustrated in Figure 1 [18]. Literature also 

reveals that underground coal mining leads to soil 

destruction either by temporary or permanent storage of coal 

and debris material which is considered as the key soil 

contamination sources [19].  

1.1 Lakhra Coal Field (LCF) 

The LCF is one of the largest coal producing area with an 

estimated coal resource of about 1.328 billion tones in the 

province of Sindh, Pakistan [16]. The LCF lies between 

latitude of 25°42ˊto 25°55ˊ (N-S) and longitude of 68°

0ˊto 68°12ˊ (E-W).  The overview of the LCF is 

illustrated by the ArcGIS software as shown in Figure 2. The 

coal extraction is being carried out from the LCF for more 

than six decades to feed the brick kilns, cement industries 

and public and private sectors of power generation. It is 

important to note that more than 35 private coal producing 

companies are actively working at the LCF. The Habibullah 

coal mining company was granted mining licenses in 1959 

[20].  

The Balochistan coal company was granted prospecting 

license in 1965. During the development phase of coal 

mines, the Balochistan coal mining company produced 4820 

tons of coal during prospecting license period from 1965-

1969 [20]. Thereafter, several mining companies started 

work at the LCF to establish coal mining activities and 

production of coal for brick industry. The names of active 

coal mining companies are given in Table. 
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Abstract: The coal is being extracted from the Lakhra Coal Field (LCF) for more than 60 years without being consideration of 

environmental effects on the soil properties. The objective of this study was to assess the most important soil quality parameters (pH, 

electric conductivity, organic matter, organic carbon and sulfur) which can help to understand the future prospects of crop production 

in the area of LCF. In this regard, total 48 soil samples were collected from six different blocks located in the area of LCF. A strong 

negative correlation was found between pH and sulfur content of soil due to high sulfur content of coal (6.0-11.0%) which showed 

acidic nature of the soil (>5.0-6.0). The lower pH of soil was found in those blocks where coal contamination was visibly high, evident 

from the field campaign. Block-3 showed lower sulfur content (2.0-4.5%) and higher pH (6.0-7.0) values compared to other blocks. 

The results indicate that the soil quality in the area of LCF is severely affected by coal and debris contamination which in turn reduced 

the organic matter and organic carbon in the soil. This study provides an insight to the policy makers for the formulation of reclamation 

or rehabilitation plan to avoid shifting of environmental burden to next generation. 
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Figure 1. Cumulative effects of underground coal mining [18] 

 

 

Figure 2. Illustration of various blocks of study area. 
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1. Annually, approximately 2 to 3 million metric tons of coal 

are produced from the LCF [21]; since all the coal mine 

owners are bound to submit their annual returns (Form-II) 

to the Chief Inspector of Mines (CIM) in accordance with 

the Sindh Coal Mines rules 2016, Government of Sindh.  

However, the effects of underground coal mining on the soil 

properties at the LCF could not be found in literature for the 

purpose of its suitability to grow and develop crop 

production. After completion of coal mining, the ultimate 

use of the LCF is agriculture. Hypothetically, the coal 

reserves of the LCF are supposed to be ended within 10 to 

15 years; whereas the study related to the soil condition or 

restoration of ecosystem in the area of LCF (post-mining 

land use) could provide an insight to policy makers to frame 

and impose regulations for land reclamation.  

 

Table 1. The names of active coal mining companies 

working at the LCF. 

S# 
Name of the Coal 

Mining Companies 
S# 

Name of the Coal 

Mining Companies 

1 
Habibullah Coal 

Mines 
19 Fateh Coal Mines 

2 Indus Coal Mines 20 RS Rajar Coal Mines 

3 
Amin Brothers Coal 

Mines 
21 Hussain Coal Mines 

4 Faiz Coal Mines 22 Hussaini Coal Mines 

5 
National/Bismillah 

Coal Mines 
23 

Balochistan Coal 

Mines 

6 HM Iqbal Coal Mines 24 Fahmida Coal Mines 

7 PMDC Coal Mines 25 Momal Coal Mines 

8 
LCDC/SLCMC Coal 

Mines 
26 Mustafa Coal Mines 

9 Kashif Coal Mines 27 
Qazi Shams-u-din 

Coal Mines 

10 Premier Coal Mines 28 Sakina Coal Mines 

11 Sindh Coal Mines 29 
Masha Allah Coal 

Mines 

12 Sindhu Coal Mines 30 Shahid Coal Mines 

13 Wahid Coal Mines 31 Super Coal Mines 

14 Aziz Coal Mines 32 Sabiha Coal Mines 

15 Qadir Coal Mines 33 
New Habib Coal 

Mines 

16 Universal Coal Mines 34 
Zar Nawaz Coal 

Mines 

17 Sanjrani Coal Mines 35 
Zafar-u-llah Coal 

Mines 

18 
Black Diamonds Coal 

Mines 
36 Karim Coal Mines 

Recently, Jabbar Khan et al. (2020) pointed out the lack of 

regulations related to the rehabilitation plan for Central 

Indus Basin located in the province of Punjab, Pakistan [22]. 

Dejun et al. (2016) identified another important issue which 

is surface subsidence induced by underground coal mining 

[23]. Authors reported that the surface subsidence caused by 

underground coal mining activities significantly affects soil 

structure and its properties including degradation of 

landscape [23]. Authors concluded that the policy makers 

should impose and promulgate regulations and laws framed 

therein to ensure restoration of natural ecosystem [23]. The 

land reclamation improves the surface ecological resources 

and ensures the sustainable development of the coal field 

areas after mining [24]. 

 

1.2 Problem Statement 

The LCF is being operated without being considerations of 

reducing post-mining environmental impacts. However, 

reclamation or rehabilitation of the LCF could be 

compromised due to the lack of knowledge or information 

about the environmental damage caused by coal mining 

activities which can lead to irreparable loss of human health 

and environment. In this regard, the the Sindh Lakhra Coal 

Mining Company (SLCMC) leasing area was initially 

visited to observe the development pattern of coal mines at 

the LCF. Due to the extraction, storage, disposal and 

transportation of coal and dumping of debris material, 

several sites were identified as the potentially affected areas 

due to underground coal mining activities. Thereafter, GPS 

readings were recorded for conducting the soil sampling 

procedure. In fact, a comprehensive study related to the 

effects of coal mining on the soil, air, water resources 

including surface subsidence could provide an insight to the 

policy makers for making some important arrangements to 

reclaim affected area and ensure the sustainable 

development of newly explored coal mining sites. In this 

way, environmental protection measures for newly explored 

coal mining fields such as Jhampir, Sonda-Jheruck, Badin 

and Thar coal fields of Sindh could be possible. This study 

only focuses on the effects of underground coal mining on 

the soil properties at the LCF. Meanwhile, the study related 

to the effects of underground coal mining on the air and 

water quality with an additional aspect of surface subsidence 

is also being carried out simultaneously. Liu et al. (2017) 

reported that soil quality assessment is one of the most 

important parameter to be considered for the restoration of 

functional ecosystem after coal mining [8]. 

 

2. Materials and Methods 

2.1 Site selection and sample collection 

It is important The Federal government of Pakistan 

established a public sector coal mining company named as 

the Lakhra Coal Development Company (LCDC) on 6th 

February 1990 to provide coal resource to the Lakhra coal 

fired power plant which is almost 30 km away from leasing 

area. Thereafter, administrative control of LCDC was 

transferred to Provincial government of Sindh province in 

May 2019 under the umbrella of SLCMC. The SLCMC has 

to ensure availability of coal throughout the year in order to 

continuously feed the coal to the Lakhra fired-power plant 

which requires coal storage for longer period of time. 

Consequently, a negative impact on the surrounding  
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Figure 3. The soil appearance in various areas of the LCF. 

 

 

Figure 4. The soil profile of the LCF and sample collection 
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environment occurs, resulting in soil, air and water 

contamination [18]. The study area was further divided into 

six blocks on the basis of coal dust contamination, debris or 

mineral matter contamination, coal spontaneous 

combustion, dirt tracks, vegetative cover and surface 

subsidence as shown in Figure 2. The coal dumping sites 

were appeared to be black in color, since other sites were 

subjected to be contaminated by debris or other mineral 

matter which appeared to be dark brownish to light brown 

as shown in Figure 3 (a), (b), (c) and (d). However, it is very 

difficult to observe the degree of contamination through the 

color indicator. It is important to note that surface 

subsidence/cracks and some vegetative pockets were also 

found in the study area as shown in Figure 3 (e) and (f). The 

soil samples were collected after being homogenized 

through coning and quartering method and sealed in to the 

plastic bags with specific labels/tags as shown in Figure 4. 

Total 48 soil samples were collected from various locations 

of the SLCMC area and the locations of the sampling points 

were recorded by Global Positioning System (GPS). 

Thereafter, the GPS coordinates were plotted using ArcGIS 

software. Therefore, soil samples were collected from 

various blocks (block-1 to block-6). The soil samples were 

collected to assess the difference in soil properties such as 

pH, electrical conductivity, organic matter, organic carbon 

and sulfur within the study area; since soil appearance was 

comparatively different from one block to other block. The 

variation in soil appearance clearly indicates the difference 

of soil contamination. However, an experimental 

justification was required using representative sampling 

method at the LCF.  

 

2.2 Analytical Methods  

The pH meter was used to record pH values of the soil 

samples. The air-dried soil sample of 50 g (< 2-mm) was put 

into a 100 mL glass beaker and it is filled with 50 mL 

Deionized (DI) water. The pH was measured as 1:1 (soil: 

water) suspension. The suspensions were stirred for 60 

minutes. The pH meter was calibrated periodically with 

buffer solution of pH, 4.0 and 7.0. For measuring EC, probe 

was thoroughly washed with distilled water before recording 

EC of the soil sample suspensions. In order to measure the 

organic matter of soil samples 1 g of air-dried sample was 

put into 50 mL beaker. Then, 10 mL 1 N potassium 

dichromate solution was added with pipette and mixed with 

20 mL concentrated H2SO4 using a dispenser. Two more 

standard samples were prepared with all reagents but no soil. 

The conversion factor for organic carbon to organic matter 

can vary from arid soil to semi-arid soil, since the most 

common value 1.77 was used. The sulfur content in the soils 

varies widely from soil to soil. The sulfate (SO4) is present 

in soils in organic and inorganic forms. The major inorganic 

sources of sulfur include gypsum (CaSO4), and pyrite 

(FeS2). The analytical method for determining Sulfate in soil 

is barium sulfate precipitation. All the standard protocols 

were used for analyzing pH, EC, organic matter and organic 

carbon and sulfur conducted in a well stablished laboratory 

of the Nuclear Institute of Agriculture (NIA) Tandojam.  

3. Results and discussion 

3.1 Organic Matter and Organic Carbon  

Assessment of soil quality and vegetation status is essential 

to identify the impact of coal mining on the surrounding 

environment [25]. Although, some vegetative pockets were 

found in the area of LCF; however, growth of vegetation is 

absolutely dependent on the rain water. The soil carbon 

including organic and inorganic plays a vital role in the 

global carbon cycle; whereas crop residues and organic  

  

Figure 5. The organic matter and organic carbon of the 

soil in the area of LCF. 
Figure 6. The pH and sulfur of the soil in the area of LCF. 
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Figure 7. The pH and EC of the soil in the area of LCF. 

manure are the main sources of soil organic carbon in 

agriculture system [26]. The soil organic carbon is the main 

component of soil organic matter which contributes for the 

food production [27]. The coal mining activities 

significantly affected both, soil organic matter and soil 

organic carbon in Lakhra soil, consistent to the observations 

reported in Heidaigou coal mining areas, Inner Mongolian 

Autonomous Region, China [28]. Although, soil quality can 

be assessed by various physical, chemical and biological 

characteristics; since soil organic carbon is considered to be 

one of the main indicators to assess soil degradation [27, 

29]. The results of this study show that soil has low organic 

matter (0.3% to 7%) and organic carbon (0.2% to 0.4%) as 

shown in Figure 5, due to the loss of flora and fauna caused 

by underground coal mines with an additional impact of 

biodiversity loss in the area of LCF, consistent to the 

observations found in literature [12, 15]. The soil organic 

carbon values between  1% and 2% show severe 

deterioration in the soil quality, resulting in less productivity 

of crops [27]. The soil quality in the area of LCF has been 

strongly deteriorated due to coal dust and debris deposition 

during development and exploitation phases of coal mining, 

consistent to the observation was found in literature [25]. 

This study indicates an alarming situation of soil 

deterioration, organic carbon loss and land degradation. The 

coal and mineral debris are considered as the key soil 

contamination sources in the area of LCF. However, soil 

organic matter could be improved using compost/anaerobic 

digestate/crop residue/animal dung; since these options are 

not available in the area of LCF due to habitat loss or foul 

smell of sulfur content. 

 

3.2 Sulfur and pH of soil  

The pH of soil is one of the most important factors to be 

considered for the crop production. Mostly, acidic soil is not 

suitable for crop production because it requires the optimal 

pH value of soil close to 7.0 pH for the growth and 

development of many crops [30]. Most of the soil samples 

from Lakhra coal mines were regarded as acidic soil with 

pH level between 5.0 and 6.0, accounted for block-1, block-

2, block-4, block-5 and block-6. However, block-3 was 

regarded as suitable soil for the growth and developments of 

many crops with pH ranging from 6.0 to 7.0 pH [30]. 

Rahman et al. (2018) also collected the soil samples from 

three different locations of the Pakistan Mineral 

Development Company (PMDC) coal mines of Lakhra coal 

field which showed pH between 6.2 and 6.8, clearly 

indicates the slight acidic nature of soil in the Lakhra [31]. 

It is important to note that sulfur content of soil in block-3 

ranges between 2.6% to 4.9% and block-4 showed sulfur 

content of soil between 3.4% and 8.7% as shown in Figure 

6. Conclusively, sulfur content of coal found to be a critical 

soil parameter which may significantly affect the level of pH 

in the soil.   

 

3.3 Electrical conductivity and pH of soil  

The electrical conductivity (EC) of soil is considered to be 

one of the important indicators to measure soil salinity [32]. 

However, it is significantly affected by various factors such 

as temperature, moisture, total dissolved solids and types of 

soil [33]. The salt accumulation in the area of LCF was 

determined by the EC values as deciSiemens per meter 

(dS/m-1). It is important to note that the soil samples > 4 

dS/m-1 are characterized to be saline, as reported in the 

literature [34]. This study reveals that 65% of total samples 

were regarded as saline soil samples, ranging from 4.03 to 

11.31 dS/m-1. Total eight samples were collected from 

block-3 (sample number 17 to 24) showed the EC values as 

6.07, 9.07, 5.65, 3.32, 4.03, 2.39, 1.15, 3.32 dS/m-1, as 

shown in Figure 7. The data shows that the soil quality is 

severely affected by underground coal mining in terms of 

organic matter, organic carbon, electrical conductivity, pH, 

and sulfur with additional factor of biodiversity in the area 

of LCF. The soil parameters clearly indicate lower organic 

content, acidic condition, salinity and higher sulfur content 

of the soil. The habitat loss and foul smell of sulfur content 

were also witnessed in the Lakhra coal field.  

4. Conclusions 

The reclamation or rehabilitation of the LCF could be 

compromised due to the lack of knowledge or information 

about the soil condition in the area of LCF. As, soil layer is 

the most upper layer of the earth, considered to be a major 

part of natural ecosystem. The LCF is supposed to be ended 

within 10 to 15 years and ultimate use of the LCF is 

agriculture to maintain environmental ecosystem. The 

reclamation or rehabilitation requires an important study to 

assess the soil quality parameters for investigating soil 

condition in the area of LCF. This study reveals that soil 

quality is not suitable for crop production due to lower pH, 

organic matter and organic carbon loss. Meanwhile, 
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accumulation of salts, determined by the electrical 

conductivity is also very high. The sulfur content of coal was 

found to a critical parameter which may affect the degree of 

crop fertility, evident by the lower pH values of soil samples 

in the area of LCF. However, soil organic matter could be 

improved using compost/anaerobic digestate/crop 

residue/animal dung; since these options are not available in 

the area of LCF due to habitat loss or foul smell of sulfur 

content. The foul smell of sulfur content could be the main 

cause of flora and fauna loss in the Lakhra. The coal and 

mineral debris were considered as the key soil 

contamination sources in the area of LCF. 

This study further suggests that the effects of underground 

coal mining on various environmental factors such as water, 

air, subsidence, biodiversity loss should be investigated to 

formulate a clear reclamation or rehabilitation policy about 

newly explored coal field of Sindh province such as 

Jhampir, Sonda-Jheruck, Badin and Thar coal field.  
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