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Abstract

The Sohagpur coalfield in Shahdol district of Madhya Pradesh represents one of the significant coal mining regions in
central India, contributing substantially to the nation's energy requirements. This research investigates the environmental
consequences of coal mining activities on groundwater quality in the region, examining both physical and chemical
parameters of water quality before and after mining operations. The study employed a comprehensive methodology
combining secondary data analysis from government agencies and primary data collection through field surveys and water
sampling from 45 locations across the coalfield area. Water quality parameters including pH, total dissolved solids (TDS),
heavy metals concentration, sulfate levels, and bacterial contamination were analyzed using standard laboratory
procedures. The findings reveal significant deterioration in groundwater quality, with TDS levels increasing by 68% in
mining-affected areas compared to control regions. Heavy metal concentrations, particularly iron, manganese, and lead,
exceeded permissible limits set by the Bureau of Indian Standards in 73% of the sampled locations. The research also
documented a substantial decline in groundwater levels, with an average drop of 12.5 meters observed in areas within 2
kilometers of active mining sites. Acid mine drainage emerged as a critical factor contributing to groundwater
contamination, with pH levels dropping below acceptable standards in 58% of the tested samples. The study concludes
that coal mining activities in Sohagpur coalfield have substantially compromised groundwater quality, necessitating
immediate implementation of comprehensive environmental management strategies and stricter regulatory oversight to
protect this vital water resource for local communities and ecological systems.
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INTRODUCTION

Coal mining operations have long been recognized as significant contributors to environmental degradation,
particularly affecting groundwater resources in mining regions across India (1). The Sohagpur coalfield,
located in Shahdol district of Madhya Pradesh, represents a critical component of India's coal production
infrastructure, contributing approximately 15 million tonnes of coal annually to meet the nation's growing
energy demands. This coalfield, spread across an area of 462 square kilometers, has been under active
extraction since 1983, employing both opencast and underground mining methodologies to extract coal from
various seams ranging from 2 to 18 meters in thickness.

The geological composition of the Sohagpur region consists primarily of Gondwana formations, characterized
by sandstone, shale, and coal seams interbedded with clay and carbonaceous materials. This geological setting,
while favorable for coal extraction, presents unique challenges for groundwater management due to the
complex hydrogeological conditions and the presence of multiple aquifer systems at varying depths. The
region's groundwater resources serve as the primary source of water supply for approximately 250,000
residents across 127 villages, making the assessment of mining-related impacts on water quality a matter of
critical environmental and public health concern.

Coal mining activities in the region have intensified significantly over the past two decades, with the
establishment of several new mining blocks and the expansion of existing operations to meet increasing coal
demand from thermal power plants and industrial facilities. The mining process involves extensive
excavation, overburden removal, and coal washing operations, all of which have the potential to alter the
natural hydrogeological regime and introduce various contaminants into the groundwater system. The
oxidation of sulfide minerals present in coal and associated rock formations leads to the formation of acid
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mine drainage, which can significantly lower the pH of groundwater and increase the mobility of heavy metals
and other toxic substances (2).

Previous studies conducted in various coal mining regions of India have documented substantial impacts on
groundwater quality, including elevated levels of dissolved solids, heavy metal contamination, and
microbiological pollution. However, comprehensive research specifically focused on the Sohagpur coalfield
has been limited, creating a knowledge gap regarding the extent and nature of groundwater quality
deterioration in this important mining region. The unique geological and climatic conditions of the Sohagpur
area, combined with the specific mining techniques employed in the region, necessitate a detailed
investigation to understand the localized impacts on groundwater resources.

The significance of this research extends beyond environmental concerns to encompass broader socio-
economic implications for the region. Groundwater contamination affects not only drinking water supplies
for local communities but also agricultural activities, livestock health, and overall ecosystem integrity. The
degradation of groundwater quality can lead to increased healthcare costs, reduced agricultural productivity,
and forced migration of affected populations, thereby creating long-term socio-economic challenges for the
region (3).

OBJECTIVES

The primary objective of this research is to comprehensively assess the impact of coal mining activities on
groundwater quality in the Sohagpur coalfield area. The specific objectives include evaluating the extent of
groundwater contamination by analyzing key water quality parameters and comparing conditions in mining-
affected areas with control regions. The study aims to identify the primary sources and pathways of
groundwater contamination associated with coal mining operations, including acid mine drainage, heavy
metal leaching, and surface water infiltration. Another crucial objective is to quantify the changes in
groundwater levels and flow patterns resulting from mining activities and their subsequent effects on water
quality distribution across the study area.

The research seeks to establish correlations between mining intensity, duration of operations, and the degree
of groundwater quality deterioration to understand the temporal and spatial patterns of contamination.
Additionally, the study aims to assess the compliance of groundwater quality parameters with national and
international standards for drinking water and irrigation purposes. The investigation also focuses on
evaluating the effectiveness of existing environmental management practices implemented by mining
companies and identifying gaps in current mitigation measures.

Furthermore, the research objectives include developing a comprehensive database of groundwater quality
parameters for the Sohagpur coalfield region that can serve as a baseline for future monitoring and assessment
activities. The study aims to provide scientific evidence to support policy recommendations for improved
environmental management in coal mining areas and contribute to the development of sustainable mining
practices that minimize adverse impacts on groundwater resources.

SCOPE OF STUDY

The geographical scope of this study encompasses the entire Sohagpur coalfield area, covering approximately
462 square kilometers across multiple blocks within Shahdol district of Madhya Pradesh. The study area
includes active and abandoned mining sites, surrounding residential areas, and control zones located at
sufficient distances from mining operations to serve as reference points for comparison. The temporal scope
covers a period of five years, from 2019 to 2024, allowing for the analysis of trends and changes in
groundwater quality over time.

The research scope includes comprehensive analysis of physical, chemical, and biological parameters of
groundwater quality, focusing on parameters most likely to be affected by coal mining activities. These
parameters encompass pH levels, electrical conductivity, total dissolved solids, hardness, alkalinity, chloride
content, sulfate concentrations, and various heavy metals including iron, manganese, lead, zinc, cadmium,
and chromium. The study also examines microbiological indicators such as total coliform bacteria and E. coli
to assess potential health risks associated with contaminated groundwater.

The investigation covers various types of coal mining operations present in the area, including opencast
mining, underground mining, and coal washing facilities, to understand the differential impacts of different
extraction methods on groundwater quality. The scope includes assessment of both direct and indirect
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impacts, considering factors such as surface subsidence, changes in groundwater flow patterns, and the
influence of mining-related infrastructure on water quality.

The study encompasses socio-economic aspects related to groundwater contamination, including impacts on
agricultural productivity, livestock health, and human health outcomes in affected communities. The research
scope also includes evaluation of existing environmental monitoring programs, regulatory compliance, and
the effectiveness of current mitigation measures implemented by mining operators in the region.

LITERATURE REVIEW

Extensive research conducted globally has established clear linkages between coal mining activities and
groundwater quality degradation, with studies from major coal-producing regions providing valuable insights
into the mechanisms and extent of contamination. Singh and Kumar (2017) conducted a comprehensive
study in the Jharia coalfield of Jharkhand, demonstrating significant increases in heavy metal concentrations
in groundwater samples collected from mining-affected areas compared to control sites (4). Their research
identified iron, manganese, and sulfate as the primary contaminants, with concentrations exceeding
permissible limits by factors of 3 to 8 in areas within 1 kilometer of active mining operations.

International studies have provided important context for understanding coal mining impacts on
groundwater systems. Research conducted by Chen et al. (2018) in the Shanxi Province of China revealed
that coal mining activities resulted in groundwater level depletion of up to 20 meters and significant
deterioration in water quality parameters, particularly in areas with intensive longwall mining operations (5).
The study documented pH reductions from neutral levels to as low as 3.2 in severely affected areas,
accompanied by dramatic increases in dissolved metal concentrations.

Palmer et al. (2019) investigated the long-term impacts of mountaintop removal coal mining on groundwater
quality in the Appalachian region of the United States, finding persistent contamination patterns extending
up to 15 years after mining cessation (6). Their research highlighted the role of acid mine drainage in
sustaining long-term groundwater contamination and emphasized the importance of comprehensive post-
mining remediation strategies.

In the Indian context, Sharma and Patel (2020) examined groundwater quality impacts in the Korba coalfield
of Chhattisgarh, documenting significant increases in total dissolved solids and heavy metal concentrations
in wells located within 2 kilometers of mining activities (7). Their study revealed that 78% of water sources
in mining-affected areas exceeded national standards for drinking water quality, with particular concerns
regarding lead and cadmium concentrations.

Research conducted by Mishra et al. (2021) in the Raniganj coalfield of West Bengal provided insights into
the spatial distribution of groundwater contamination, demonstrating that contamination effects extended
well beyond the immediate mining area due to changes in groundwater flow patterns and surface water
interactions (8). The study employed advanced geostatistical techniques to map contamination plumes and
identified preferential flow paths for contaminant migration.

Studies focusing on acid mine drainage have highlighted this phenomenon as a primary mechanism for
groundwater contamination in coal mining areas. Research by Nordstrom and Alpers (2018) demonstrated
that acid mine drainage can persist for decades after mining cessation, continuously introducing
contaminants into groundwater systems (9). Their work emphasized the importance of preventive measures
during active mining operations to minimize long-term environmental impacts.

The role of geological factors in determining the extent of groundwater contamination has been extensively
studied, with research by Kumar and Singh (2019) showing that areas with fractured bedrock and high
permeability experience more severe contamination compared to regions with clay-rich overburden (10).
Their findings highlighted the importance of site-specific geological assessments in predicting and managing
groundwater contamination risks.

RESEARCH METHODOLOGY

The research methodology employed in this study follows a comprehensive mixed-methods approach,
combining quantitative analysis of water quality parameters with qualitative assessment of environmental
impacts and stakeholder perspectives. The methodology is structured to ensure scientific rigor while
maintaining practical relevance for environmental management and policy development. The research design
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incorporates both primary data collection through field surveys and laboratory analysis, as well as secondary
data analysis from government agencies, mining companies, and previous research studies.

The sampling strategy for this study was developed using a stratified random sampling approach to ensure
representative coverage of the entire Sohagpur coalfield area. The study area was divided into three distinct
zones based on proximity to mining operations: Zone A comprising areas within 1 kilometer of active mining
sites, Zone B encompassing areas between 1-3 kilometers from mining operations, and Zone C representing
control areas located more than 5 kilometers away from any mining activities. This zoning approach allows
for comparative analysis of groundwater quality across different levels of mining influence.

Primary data collection involved the establishment of 45 groundwater monitoring locations distributed across
the three zones, with 20 locations in Zone A, 15 locations in Zone B, and 10 locations in Zone C. The
selection of specific sampling points considered factors such as well depth, aquifer type, local geology, and
accessibility for regular monitoring. Water samples were collected quarterly over a two-year period to account
for seasonal variations and establish temporal trends in water quality parameters.

Laboratory analysis of water samples was conducted using standard methods prescribed by the American
Public Health Association (APHA) and the Bureau of Indian Standards (BIS). Physical parameters including
temperature, pH, electrical conductivity, and turbidity were measured in the field using calibrated portable
instruments. Chemical analysis for major ions, trace metals, and organic compounds was performed using
advanced analytical techniques including atomic absorption spectrophotometry, ion chromatography, and
spectrophotometry methods (11).

Secondary data collection involved comprehensive review of existing water quality data from the Central
Ground Water Board, State Pollution Control Board, and mining company environmental monitoring
reports. Historical data spanning the period from 2010 to 2024 was compiled to establish baseline conditions
and identify long-term trends in groundwater quality parameters. Geological and hydrogeological data were
obtained from the Geological Survey of India and various research publications to understand the local
hydrogeological setting.

Quality assurance and quality control measures were implemented throughout the data collection and
analysis process. These included the use of certified reference materials, duplicate sampling and analysis,
blank samples, and inter-laboratory comparison studies to ensure data reliability and accuracy. All analytical
procedures followed standard protocols, and laboratory performance was regularly monitored through
participation in proficiency testing programs.

Statistical analysis of the collected data employed various techniques including descriptive statistics,
correlation analysis, analysis of variance (ANOVA), and multivariate statistical methods such as principal
component analysis and cluster analysis. These analytical approaches were used to identify patterns in the
data, establish relationships between variables, and determine the significance of observed differences
between sampling zones.

ANALYSIS OF SECONDARY DATA

The analysis of secondary data reveals significant trends in groundwater quality deterioration across the
Sohagpur coalfield region over the past decade. Historical data obtained from the Central Ground Water
Board shows a consistent pattern of declining water quality in areas adjacent to coal mining operations, with
the most pronounced changes occurring in the period following 2018 when mining intensity increased
substantially. The comprehensive review of 127 monitoring wells maintained by various agencies indicates
that baseline groundwater quality in the region was generally within acceptable limits prior to intensive
mining activities, with pH values ranging from 6.8 to 7.4 and total dissolved solids concentrations between
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Figure 1. Spatial Distribution of Groundwater Contamination by Zone
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Environmental monitoring reports submitted by mining companies operating in the Sohagpur coalfield
provide detailed insights into the spatial and temporal patterns of groundwater contamination. Analysis of
these reports reveals that areas within 2 kilometers of active mining sites have experienced average increases
of 68% in total dissolved solids concentrations compared to baseline conditions established in 2010. The
data shows particularly significant increases in sulfate concentrations, rising from baseline levels of 45-65
mg/L to current levels of 180-340 mg/L in mining-affected areas, indicating the influence of acid mine
drainage processes.

Heavy metal contamination patterns emerge clearly from the secondary data analysis, with iron
concentrations showing the most dramatic increases. Historical data indicates that iron levels in groundwater
have increased from baseline concentrations of 0.1-0.3 mg/L to current levels of 2.8-7.2 mg/L in areas directly
affected by mining operations. Manganese concentrations have similarly increased from baseline levels of
0.05-0.15 mg/L to current concentrations of 0.8-2.4 mg/L, exceeding Bureau of Indian Standards limits in
73% of monitoring locations within the mining zone.
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Figure 2. Temporal Trends in pH Levels Across Monitoring Zones (2022-2024)
State Pollution Control Board data reveals concerning trends in pH levels across the study area, with
monitoring records showing a systematic decline in groundwater pH over the study period. Areas that
maintained neutral to slightly alkaline conditions (pH 7.0-7.8) prior to intensive mining now exhibit acidic
conditions, with pH values ranging from 4.2 to 6.1 in 58% of monitoring locations within 1.5 kilometers of
active mining sites. This acidification trend correlates strongly with increased heavy metal mobility and overall
groundwater quality degradation.
Hydrogeological data analysis indicates significant changes in groundwater levels and flow patterns associated
with mining activities. Long-term monitoring data shows average groundwater level declines of 12.5 meters
in areas within 2 kilometers of mining operations, compared to minimal changes in control areas located
beyond 5 kilometers from mining sites. These changes in groundwater levels have implications for water
quality through altered mixing patterns between different aquifer layers and increased vulnerability to surface
contamination.
The analysis of rainfall and climatic data in relation to groundwater quality trends reveals important seasonal
variations in contamination levels. During monsoon periods, dilution effects result in temporary
improvements in some water quality parameters, while post-monsoon periods show concentration effects that
exacerbate contamination levels. This seasonal variability highlights the importance of year-round monitoring
and the need for management strategies that account for climatic influences on groundwater quality.
Comparative analysis with other coal mining regions in India provides important context for understanding
the severity of impacts in the Sohagpur coalfield. Secondary data from similar geological settings in Jharkhand
and Chhattisgarh indicates that the rate and extent of groundwater quality deterioration in Sohagpur is
comparable to or exceeds that observed in other major coal mining regions, suggesting the need for immediate
intervention measures to prevent further degradation.

1406



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 15s5,2025
https://theaspd.com/index.php

ANALYSIS OF PRIMARY DATA

The primary data collected through systematic field sampling and laboratory analysis provides comprehensive
evidence of significant groundwater quality deterioration in the Sohagpur coalfield area. Analysis of 720 water
samples collected from 45 monitoring locations over eight quarters reveals distinct spatial and temporal
patterns of contamination that correlate strongly with mining intensity and proximity to extraction sites. The
data demonstrates that groundwater quality parameters in Zone A (within 1 km of mining operations)
consistently exceed acceptable limits for multiple contaminants, while Zone C (control areas) maintains
relatively stable water quality conditions throughout the monitoring period.
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Figure 3. Heavy Metal Concentration Comparison Across Monitoring Zone

Physical parameter analysis reveals substantial variations across the three monitoring zones, with electrical
conductivity measurements showing the most pronounced differences. Zone A locations exhibit electrical
conductivity values ranging from 1,200 to 2,850 uS/cm, significantly higher than Zone B values of 680-1,450
uS/cm and Zone C values of 280-520 uS/cm. These elevated conductivity levels indicate increased dissolved
ion concentrations associated with mining-related contamination processes. Turbidity measurements
similarly show elevated levels in mining-affected areas, with Zone A locations averaging 18.5 NTU compared
to 4.2 NTU in control areas.

Chemical analysis results demonstrate severe heavy metal contamination in groundwater samples from
miningaffected areas. Iron concentrations in Zone A samples range from 2.1 to 8.7 mg/L, with 95% of
samples exceeding the Bureau of Indian Standards limit of 0.3 mg/L for drinking water. Manganese
concentrations in the same zone range from 0.6 to 3.2 mg/L, exceeding the permissible limit of 0.1 mg/L in
all samples collected from mining-affected areas. Lead concentrations, while generally lower, still exceed
acceptable limits in 68% of Zone A samples, with maximum concentrations reaching 0.08 mg/L.

The analysis reveals particularly concerning trends in pH levels, with Zone A samples showing consistent
acidification over the monitoring period. pH values in mining-affected areas range from 3.8 to 5.9, with 78%
of samples falling below the acceptable range of 6.5-8.5 prescribed by Indian drinking water standards. This
acidification trend correlates strongly with elevated sulfate concentrations, which range from 220 to 480
mg/L in Zone A compared to 35-85 mg/L in control areas, indicating active acid mine drainage processes.
Total dissolved solids analysis provides clear evidence of groundwater quality degradation, with Zone A
samples showing concentrations ranging from 980 to 2,340 mg/L, well above the desirable limit of 500 mg/L
for drinking water. The data shows a clear gradient of contamination, with TDS levels decreasing progressively
from Zone A through Zone B to Zone C, supporting the hypothesis that mining activities are the primary
source of groundwater contamination in the region.
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Figure 4. Groundwater Level Changes Over Time (2019-2024)
Microbiological analysis reveals additional health risks associated with groundwater contamination in mining-
affected areas. Total coliform bacteria counts in Zone A samples range from 15 to 89 CFU/100mL, exceeding
acceptable limits in 72% of samples. E. coli contamination is detected in 45% of Zone A samples, indicating
potential sewage contamination or cross-contamination from surface sources. These findings suggest that
mining activities may be facilitating pathways for bacterial contamination through changes in groundwater
flow patterns and surface-groundwater interactions.
Temporal analysis of the primary data reveals concerning trends in contamination levels over the two-year
monitoring period. Most contamination parameters show either stable high levels or gradual increases, with
no evidence of natural attenuation or improvement in water quality conditions. Seasonal variations are
observed in some parameters, with monsoon periods showing temporary dilution effects, but post-monsoon
concentrations consistently return to or exceed pre-monsoon levels.
Statistical analysis of the primary data using analysis of variance confirms that differences between monitoring
zones are statistically significant for all major contamination parameters at the 95% confidence level.
Correlation analysis reveals strong positive correlations between various contamination parameters,
suggesting common sources and similar transport mechanisms for different contaminants in the groundwater
system.

DISCUSSION

The comprehensive analysis of both secondary and primary data provides compelling evidence of substantial
groundwater quality degradation in the Sohagpur coalfield area, with mining activities serving as the primary
driver of contamination. The spatial distribution of contamination clearly demonstrates a strong inverse
relationship between distance from mining operations and groundwater quality, with the most severe impacts
concentrated within 2 kilometers of active extraction sites. This spatial pattern is consistent with established
scientific understanding of contaminant transport mechanisms in groundwater systems and aligns with
findings from similar studies conducted in other coal mining regions globally (12).

The observed acidification of groundwater represents one of the most significant environmental impacts
documented in this study, with implications extending far beyond simple pH changes. The reduction in pH
levels to as low as 3.8 in some mining-affected areas creates conditions that dramatically increase the mobility
and bioavailability of heavy metals, leading to the severe contamination levels observed in the primary data
analysis. This acid mine drainage phenomenon is well-documented in coal mining literature and represents
a persistent, long-term environmental challenge that can continue for decades after mining cessation (13).
The heavy metal contamination patterns observed in the study area raise serious concerns regarding human
health risks and environmental sustainability. Iron and manganese concentrations exceeding permissible
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limits by factors of 10-30 indicate severe contamination that poses immediate health risks to communities
dependent on groundwater for drinking water supplies. The presence of lead contamination in 68% of
mining-affected samples is particularly concerning, given the well-established neurological and developmental
health impacts associated with lead exposure, especially in children and pregnant women.

The documented decline in groundwater levels represents both a quantitative and qualitative impact of
mining operations, with implications for long-term water security in the region. The average drop of 12.5
meters in groundwater levels not only reduces water availability but also alters groundwater flow patterns and
increases the vulnerability of remaining water resources to contamination. This depletion can lead to the
abandonment of shallow wells and force communities to rely on deeper, potentially more contaminated
groundwater sources.

The temporal trends revealed in this study suggest that groundwater contamination in the Sohagpur coalfield
is an ongoing and potentially accelerating process. The absence of natural attenuation or improvement in
water quality parameters over the monitoring period indicates that contamination sources remain active and
that existing environmental management measures are insufficient to prevent further degradation. This
finding has important implications for regulatory oversight and the need for more stringent environmental
controls on mining operations.

The microbiological contamination documented in mining-affected areas adds another dimension to the
health risks associated with groundwater degradation in the region. The presence of coliform bacteria and E.
coli in groundwater samples suggests that mining activities may be creating pathways for surface
contamination to reach groundwater systems, potentially through changes in surface-groundwater
interactions or inadequate waste management practices at mining sites.

Comparison of the findings from this study with research conducted in other coal mining regions reveals that
the Sohagpur coalfield is experiencing contamination levels that are among the most severe documented in
the Indian context. The rate and extent of pH decline, heavy metal accumulation, and overall water quality
degradation observed in this study exceed those reported in many other coal mining areas, suggesting that
local geological, hydrological, or operational factors may be contributing to accelerated contamination
processes (14).

The economic implications of groundwater contamination in the Sohagpur region extend beyond immediate
health costs to include impacts on agricultural productivity, property values, and overall regional development
prospects. The degradation of groundwater quality affects irrigation water supplies, potentially reducing crop
yields and threatening food security for local communities. Additionally, the costs associated with alternative
water supply development, water treatment, and healthcare expenditures related to waterborne diseases create
substantial economic burdens for affected communities.

The effectiveness of current environmental management practices employed by mining companies in the
region appears inadequate based on the continued deterioration of groundwater quality documented in this
study. Existing monitoring programs, while providing valuable data, have not been coupled with effective
remediation or prevention measures to address the identified contamination issues. This gap between
monitoring and action highlights the need for regulatory reforms and enhanced enforcement of
environmental protection measures.

CONCLUSION

This comprehensive investigation into the impact of coal mining on groundwater quality in the Sohagpur
coalfield provides unequivocal evidence of severe environmental degradation that threatens both human
health and ecological integrity in the region. The study demonstrates that intensive coal mining operations
have fundamentally altered the hydrogeochemical characteristics of groundwater systems, resulting in
contamination levels that exceed national and international standards for drinking water quality by
substantial margins. The spatial analysis clearly establishes mining activities as the primary source of
contamination, with the most severe impacts concentrated within 2 kilometers of active extraction sites.
The documented acidification of groundwater represents a critical environmental crisis that requires
immediate attention from regulatory authorities, mining companies, and environmental management
agencies. pH levels dropping to as low as 3.8 in mining-affected areas create conditions that not only render
water unsuitable for human consumption but also facilitate the mobilization of heavy metals and other toxic
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substances, creating cascading effects throughout the groundwater system. This acid mine drainage
phenomenon, once established, can persist for decades and requires comprehensive long-term management
strategies to address effectively.

The heavy metal contamination documented in this study poses immediate and long-term health risks to
approximately 250,000 residents who depend on groundwater resources in the Sohagpur region. Iron and
manganese concentrations exceeding permissible limits by factors of 10-30, combined with significant lead
contamination, create serious public health concerns that demand urgent intervention. The presence of
microbiological contamination in mining-affected areas further compounds these health risks and highlights
the multi-faceted nature of the environmental crisis facing the region.

The significant decline in groundwater levels observed across the study area represents both a quantitative
and qualitative impact that threatens long-term water security for the region. The average drop of 12.5 meters
in groundwater levels not only reduces water availability but also alters natural flow patterns and increases
the vulnerability of remaining resources to contamination. This depletion trend, if continued, could force
communities to abandon traditional water sources and seek alternatives at considerable economic and social
cost. The temporal analysis conducted in this study reveals that groundwater contamination in the Sohagpur
coalfield is an ongoing and potentially accelerating process, with no evidence of natural attenuation or
improvement in water quality conditions over the monitoring period. This finding indicates that existing
environmental management practices are inadequate and that more stringent regulatory oversight and
enforcement mechanisms are urgently needed to prevent further environmental degradation.

The research findings have important implications for environmental policy and mining sector governance
in India. The study demonstrates the need for mandatory implementation of comprehensive environmental
impact assessment and management plans that address groundwater protection as a primary concern in coal
mining operations. Regular monitoring programs must be coupled with effective remediation measures and
strict enforcement of environmental standards to ensure the protection of groundwater resources for current
and future generations.

The economic implications of groundwater contamination extend far beyond the immediate costs of
alternative water supply development to include impacts on agricultural productivity, human health, and
overall regional development prospects. The social and economic burden of environmental degradation falls
disproportionately on local communities who have limited resources to address contamination issues
independently, highlighting the need for corporate responsibility and government intervention to ensure
environmental justice.

This study provides a scientific foundation for developing comprehensive remediation strategies and
improved environmental management practices for the Sohagpur coalfield and similar mining regions across
India. The establishment of contamination baseline conditions, identification of key contamination sources
and pathways, and documentation of spatial and temporal contamination patterns provide essential
information for designing effective intervention measures and monitoring programs to protect groundwater
resources in coal mining areas.
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