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Abstract Manuscript Information 

Coal mining has caused severe ecological degradation in Dhanbad, the coal capital of India, 

necessitating urgent restoration interventions. This study evaluates environmental quality and 

sustainable land management (SLM) practices in two post-mining sites—Mukunda Opencast 
Mining Project (MOCP) and Nagda Colliery—using Dudhia village as a control area. Field 

investigations assessed soil quality (pH, texture, organic matter), air quality (PM10, PM2.5, 

SO₂, NO₂), water quality (pH, turbidity, dissolved oxygen), vegetation composition, and 

community perceptions. Results indicate degraded soil fertility in mining sites (organic matter 

0.25–0.68%) compared to the control site (0.77–0.86%), elevated particulate matter near 

MOCP (PM₁₀ up to 118 µg/m³), and higher turbidity with reduced dissolved oxygen in mine-

affected water bodies. Vegetation surveys revealed dominance of stress-tolerant and invasive 

species such as Lantana camara and Parthenium hysterophorus. Stakeholder consultations 

highlighted serious concerns regarding health, livelihoods, and inadequate rehabilitation 

efforts. The study proposes an integrated, community-inclusive ecological restoration 

framework emphasizing native plantation, soil amendment, biodiversity enhancement, and 

participatory governance. These findings provide a scientific basis for site-specific sustainable 
land management strategies for post-mining landscapes in Dhanbad.  
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1. INTRODUCTION 

Coal mining significantly alters landforms, disrupts soil 

structure, degrades vegetation, and contaminates air and water 

systems [1]. In India, regions such as Dhanbad (Jharkhand) 

have experienced prolonged ecological degradation due to 

intensive opencast and underground mining [2]. Dhanbad lies 

within the Damodar River basin and supports dense mining 

operations by Bharat Coking Coal Limited (BCCL), making it 

highly vulnerable to land subsidence, biodiversity loss, and 

pollution [3]. 

Ecological restoration has emerged as a scientific approach to 

rehabilitate degraded ecosystems by restoring ecological 
structure, function, and resilience [4]. Sustainable Land 

Management (SLM) complements restoration by integrating 

ecological, socio-economic, and technical practices for long-

term land productivity [5]. Despite global advances, region-

specific, data-driven restoration frameworks remain limited for 

Dhanbad. Therefore, this study aims to assess environmental 

degradation and develop a localized restoration framework 

based on empirical field evidence.  

 

2. Study Area 

Three sites in Dhanbad district were selected: 

 Site 1: Mukunda Opencast Mining Project (MOCP) – post-

mining degraded area 

 Site 2: Nagda Colliery – closed mining area near Damodar 

River 

 Site 3: Dudhia Village – agricultural village used as 

control 

 Site 1: Mukunda Open Cast Project (MOCP) 

The Mukunda Open Cast Project is located approximately 

fifteen kilometres from Dhanbad railway station within 

Baliapur block, at coordinates 23.043° N and 86.027° E. 

The site represents an open-cast working operated under 
Bharat Coking Coal Limited in which extraction has now 

largely ceased. The surface expression of the site 

comprises the residual excavation void, which has partially 

filled with water to form a pit lake; a complex of external 

overburden dumps of variable age and configuration, some 

of which have been mechanically regraded and benched 

while others retain angle-of-repose slopes exceeding thirty 

degrees; haul road and infrastructure corridors now 

disused; and areas of internal backfill upon which 

reclamation plantation has been established with variable 

success. 

Within the research design, MOCP functions as the 
primary impact site, representing the condition of the 

landscape at an early stage following the cessation of 

extraction. Six sampling strata were delineated within the 

site: unstabilised overburden slope; benched and topsoiled 

overburden surface; plantation block on backfilled ground; 

spontaneously colonised bare ground; haul road margin; 

and pit lake shoreline. Each stratum is sampled 

independently, permitting the withinpreliminary 

stakeholder consultation conducted -site variance 

attributable to microhabitat to be estimated and partitioned 

from the between-site variance attributable to mining 

history. This stratification is essential because a single 

composite value for "MOCP soil" would conflate 

materially different substrates and would obscure precisely 

the management-relevant contrasts that the study seeks to 

quantify. 

Preliminary reconnaissance sampling conducted during the 

first year of the investigation established the general 

condition of the site. Soil reaction was found to be 

moderately acidic, rising through the season from a 

summer value of 6.1 towards near-neutral values by post-

monsoon; texture varied from sandy loam through loam to 

clay loam depending on sampling position and season; and 
organic matter content was extremely low, falling below 

0.5 per cent throughout. Ambient particulate 

concentrations exceeded the National Ambient Air Quality 

Standard for PM10 during the summer season. These 

preliminary values, reproduced in Tables 3.7, 3.10 and 

3.12, establish the expected range of variation and 

informed the selection of analytical methods and detection 

limits for the full monitoring programme. 

 

 Site 2: Nagda Colliery 

Nagda colliery lies approximately twenty-five kilometres 
from Dhanbad railway station at coordinates 23.071° N 

and 86.024° E, in the vicinity of the Damodar River and 

close to the administrative boundary between Dhanbad and 

Bokaro districts. Mining operations at this site under 

Bharat Coking Coal Limited have ceased entirely. Relative 

to MOCP, the Nagda landscape represents a more 

advanced stage of post-mining succession: spoil surfaces 

have undergone a longer period of weathering, plantation 

cover established under earlier reclamation programmes 

has attained greater canopy development, and spontaneous 

vegetation has progressed further towards a closed scrub 

condition in the more favourable microsites. 
Countervailing this, the site exhibits pronounced 

subsidence features associated with historic underground 

extraction, including subsidence troughs, cracked ground 

and localised waterlogged depressions that persist through 

much of the year. 

The proximity of Nagda to the Damodar River confers 

particular significance upon the water quality component 

of the study at this location, since seepage and runoff from 

the site enter a river system of regional importance. 

Sampling strata delineated at Nagda comprise: aged 

overburden dump surface; mature plantation block; 
subsidence depression and associated waterlogged ground; 

open grassland on weathered spoil; and riparian margin. 

Preliminary sampling indicated soil reaction in the near-

neutral to slightly alkaline range, rising to 7.3 during the 

monsoon, with organic matter content between 0.55 and 

0.68 per cent — appreciably higher than at MOCP but still 

substantially below the reference site. This intermediate 

position of Nagda between MOCP and Dudhia across 

multiple parameters is precisely what the chronosequence 

logic of Section 3.2.3 anticipates, and its consistency 

across independent parameter sets constitutes an internal 
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validity check on the space-for-time substitution 

assumption. 

 

 Site 3: Dudhia Village (Reference/Control Site) 

Dudhia is an agricultural village situated in Baliapur block 

at coordinates 23.042° N and 86.033° E, approximately 

twenty kilometres from Dhanbad railway station. The 

village has not been subject to direct mining activity, and 

its land use remains dominated by seasonal cultivation of 

paddy in lowland positions, upland cultivation of pulses, 

oilseeds and vegetables, homestead orchards, village tanks 

and grazing commons. Dudhia was selected as the 
ecological reference site on the basis of four 

considerations: its location within the same block and 

therefore within the same rainfall, temperature and 

lithological regime as the two mining sites; its position at 

comparable elevation and on comparable parent material; 

the absence of any direct mining disturbance within its 

revenue boundary; and the presence of a settled 

agricultural community from whom comparative socio-

economic data could be obtained. 

 

 

It is important to state explicitly what the reference site does 

and does not represent. Dudhia is not a pristine or climax 

ecosystem; it is a cultivated agricultural landscape subject to 

tillage, fertiliser application, irrigation and harvest removal. It 

therefore provides a reference for the achievable and locally 

meaningful condition of land in this region — the condition to 

which restored post-mining land might realistically aspire and 

which local communities themselves regard as productive land 

— rather than a reference for the pre-mining forest condition. 

This is a deliberate and defensible choice. Post-mining 

restoration targets in densely populated coalfield landscapes are 
rarely set at pristine forest, and a reference that reflects the 

socially valued and ecologically functional agricultural matrix 

provides a more operationally useful benchmark. Where forest-

condition comparison is required, the study additionally draws 

upon published regional values for undisturbed Shorea robusta 

forest soils of the Chota Nagpur plateau, cited in the discussion 

chapters rather than measured directly. 

These sites represent varying levels of mining disturbance and 

provide a comparative ecological gradient.  

 
Characteristics of the three study sites selected for the investigation 

 
Attribute Site 1: MOCP Site 2: Nagda Colliery Site 3: Dudhia 

Site code S1 S2 S3 (Reference) 

Category Recently decommissioned open-cast 

project 

Long-closed underground/mixed 

colliery 

Non-mining agricultural village 

(control) 

Administrative block Baliapur Baliapur Baliapur 

Latitude (N) 23.043° 23.071° 23.042° 

Longitude (E) 86.027° 86.024° 86.033° 

Distance from Dhanbad 

railway station (km) 

15 25 20 

Operating authority Bharat Coking Coal Limited (BCCL) Formerly BCCL; operations ceased Not applicable 

Proximity to Damodar 

River 

Moderate Immediate (near river; close to 

Dhanbad–Bokaro boundary) 

Moderate 

Dominant surface material Technogenic overburden spoil, jhama-

rich in patches 

Subsided ground, older spoil, 

partially weathered 

Natural Alfisol/Inceptisol 

agricultural soil 

Dominant land cover Bare spoil, sparse plantation, 

colonising scrub 

Mixed plantation, grassland, 

waterlogged depressions 

Paddy, upland crops, homestead 

orchard, village tank 

Principal degradation 

processes 

Slope instability, dust emission, 

absent topsoil 

Subsidence, waterlogging, soil 

contamination 

Nil to negligible 

Function within the 

research design 

Primary impact site (recent 

disturbance) 

Secondary impact site (advanced 

recovery) 

Ecological reference and 

analytical baseline 

 

3. Materials and Methods 

3.1 Soil Analysis 
Soil samples were collected seasonally and analyzed for pH, texture (hydrometer method), and organic matter (gravimetric method). 

 
Summary of soil parameters, analytical methods, instrumentation and reference standards.  

 

Parameter group Parameter Method / principle Instrument preliminary stakeholder consultation 

conducted Unit 

Physical Particle size 

distribution 

Hydrometer (Bouyoucos) after 

hexametaphosphate dispersion 

Soil hydrometer, 

mechanical shaker 

% sand/silt/clay 

Chemical pH Glass electrode, 1:2.5 soil:water pH meter — 

Chemical Organic matter OC × 1.724; cross-checked by loss on ignition Muffle furnace % 

 

3.2 Air Quality Monitoring 
PM10, PM2.5, SO₂, and NO₂ were measured using respirable dust samplers, fine particulate samplers, and diffusion samplers. 

Values were compared with National Ambient Air Quality Standards (NAAQS, 2009).  
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Ambient air quality parameters, sampling methods and analytical principles employed in the study. 
 

Parameter Sampling instrument Sampling principle Analytical method Averaging period 

PM10 Respirable dust sampler Cyclonic size separation onto glass fibre filter Gravimetric 24 h 

PM2.5 Fine particulate sampler Sharp-cut cyclone/impactor onto PTFE or quartz 

filter 

Gravimetric 24 h 

SO₂ Gaseous attachment 

impinger 

Absorption in sodium tetrachloromercurate Improved West–Gaeke, 

560 nm 

24 h 

NO₂ Gaseous attachment 

impinger 

Absorption in NaOH–NaAsO₂ Modified Jacobs–

Hochheiser, 540 nm 

24 h 

 

3.3 Water Quality Analysis 

Water samples were analysed for pH (pH meter), turbidity (nephelometric method), and dissolved oxygen (Wrinkler method), 

compared with WHO standards. 

 
Water quality parameters, analytical methods and permissible limits adopted in the study. 

 

Parameter Method / principle Instrument Unit Permissible limit (WHO/BIS) 

pH Potentiometric, glass electrode pH meter — 6.5–8.5 

Turbidity Nephelometric, 90° scattering vs. formazin Nephelometer NTU 5–10preliminary stakeholder consultation conducted 

Dissolved 

oxygen 

Winkler azide modification, iodometric 

titration 

Burette, BOD 

bottle 

mg 

L⁻¹ 

> 5 

 

3.4 Vegetation Survey 

Quadrat sampling was conducted to document plant species composition, regeneration, and dominance across sites. 

 

 

3.5 Socio-economic Survey 

Semi-structured interviews were conducted with 15 stakeholders (local residents, business owners, NGOs, and mining personnel) to 

understand perceptions regarding mining impacts and restoration. 
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Preliminary stakeholder consultation conducted 
 

Item Question 

1 Has coal mining affected your livelihood positively? 

2 Do you have health issues that you believe are due to mining activities? 

3 Has mining activity affected the soil, water and air in your area? 

4 Have you noticed efforts by BCCL or the outsourcing company to address pollution? 

5 Do you receive assistance from BCCL in health, environment or education? 

 

4. Resultspreliminary stakeholder consultation conducted  

4.1 Soil Quality 

Mining sites showed poorer soil health compared to control site. 

Organic matter remained below 0.7% in MOCP and Nagda, 

while Dudhia recorded up to 0.86%, indicating higher fertility. 

Soil textures in mining areas were coarser and less favorable for 

vegetation establishment.  

 

4.2 Air Quality 

PM10 exceeded permissible limits at MOCP during summer 

(118 µg/m³), indicating severe dust pollution. PM2.5 levels 

were also elevated. Control site exhibited comparatively better 

air quality.  

 

4.3 Water Quality 

Turbidity was significantly higher in mining sites (up to 52 

NTU in MOCP), while dissolved oxygen declined to 4.8 mg/L, 

indicating ecological stress. Dudhia showed healthier aquatic 

conditions.  

 

4.4 Vegetation Composition 

Dominance of invasive and stress-tolerant species such as 

Lantana camara, Parthenium hysterophorus, and Eupatorium 

adenophorum was recorded in mining sites. Native tree species 

like Butea monosperma, Ficus religiosa, and Pongamia pinnata 

showed limited natural regeneration.  

 

4.5 Community Perception 

 86.7% respondents agreed mining degraded soil, water, 

and air 

 60% reported mining-related health issues 

 Only 26.67% acknowledged visible efforts by BCCL 

toward environmental improvement 

This highlights weak trust and limited effectiveness of 

existing reclamation programs.  

 

5. DISCUSSION 

The findings clearly demonstrate that post-mining landscapes in 

Dhanbad remain ecologically fragile. Low soil organic matter 

restricts natural succession, while persistent air and water 

pollution continue to affect ecosystem health. Dominance of 

invasive species suggests disturbed ecological stability. 

SLM practices such as soil amendment (biochar, compost), 

native species plantation, slope stabilization, water harvesting 

structures, and community-based restoration could significantly 

improve outcomes. Participatory restoration, integrating local 

livelihoods (agroforestry, apiculture, nurseries), can enhance 

both ecological resilience and socio-economic sustainability. 

 

 

 

6. Proposed Restoration Framework 

Based on field evidence, the following integrated framework is 

proposed: 

 Soil improvement using organic amendments and 

microbial inoculants 

 Plantation of native species (Butea monosperma, 

Pongamia pinnata, Madhuca indica) 

 Control of invasive species through mechanical and 

ecological methods 

 Creation of green belts for dust mitigation 

 Rainwater harvesting and wetland restoration 

 Community participation through livelihood-linked 

restoration models 

 

7. CONCLUSION 

This study provides empirical evidence that coal mining has 

severely degraded soil, air, water, vegetation, and community 

well-being in Dhanbad. However, targeted ecological 

restoration combined with sustainable land management and 

stakeholder participation can significantly improve post-mining 

landscape recovery. The proposed framework offers a region-

specific, scalable model for ecological rehabilitation in coal 

mining regions of India.  
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