OCCUPATIONAL SAFETY AND HEALTH OF COAL MINERS IN INDIA: A STUDY
Abstract
Coal mining in India is one of the most dangerous industries, exposing workers to high occupational health risks in terms of respiratory disease, skin lesions, hearing loss, and physical injury.This paper reviews occupational health in Indian coal mines in terms of qualitative review and quantitative analysis of secondary databases deriving from official, academic, and regulating sources. The findings, based on descriptive statistics and regression analysis, reveal marked reductions in both fatal and critical accidents in the past decade, citing stricter regulations, mechanizations, and medical surveillance as drivers of improvement in safety. However, persistent prevalence in terms of respiratory disorders in the form of silicosis and pneumoconiosis suggests persistent gaps in controlling dust and health surveillance. Legislative laws in terms of the Mines Act, 1952 and Coal Mines Regulations, 2017 have assisted in strengthening workplace safety, but gaps in enforcing these persist. The study identifies robust advocacy for interdisciplinary interventions in terms of policy, technology, health surveillance, and welfare of workers as means to foster Indian coal mines' occupational health in an enduring sense.
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1. Introduction
Coal mining underpins the energy sector in India, with the nations producing over 1 billion tons coal in the financial year 2024-25 with the growth rate of 4.99 percent in output as compared to the previous financial year (Press Information Bureau).The success of the coal sector is attributed to around 5 lakh mine workers across more than 350 mines nationwide (Press Information Bureau). Coal mining is inherently one of the most hazardous professions in India. It exposes workers to a wide range of health issues including skin disorder, respiratory diseases, hearing loss and other physical injuries (Vanka et al., 2022). There are many diseases generated from the inhalation of coal dust including silicosis, black lung disease and chronic obstructive pulmonary disease (COPD) due to the deposition of the particulate matters (PM) in the lungs. In addition to that, skin disorders are exposed to the workers due to the usage of chemicals (Trivedi and Somayaji, 2022).The workers are exposed to hearing problems due to the usage of explosives and heavy machinery. On the other hand, physical injuries occur due to the usage of heavy equipment and transportation vehicles.
The Indian government regulates the inherent risk factors in complete legislation. The Mines Safety and Health in India under Mines Act, 1952 and related regulations was replaced by Coal Mines Regulations, 2017, which insists on safety audit, medical check-up and dust monitoring in mines industry. The standard is implemented by Director General of Mines Safety (DGMS) who operates under Ministry of Labor and Employment. The lag in practice persists in industries, however. International Labor Organization (ILO) estimates through 562 cases of occupational disease, obvious during 2011-2016, in all industries, highlighting challenges in surveillance. Health of the coal miners has been to a great extent through periodical medical checks through mines operators and occasional medical surveys (Sahoo and Rout, 2023). This review harmonizes available data on physical health of the miners, both in past and present, at national level, and shows the trends and main challenges.
 1.1. Institutional framework
Indian coal sector comprises state-run Coal India Limited and its subordinate enterprises, state and private mines. The Indian mines are located in states of Jharkhand, West Bengal, Orissa, Madhya Pradesh, Chhattisgarh, Telengana and others, both in underground and open pit workings. DGMS, under Ministry of Labour, administers the laws of mine safety and collate heal and accident statistics. The National Institute of Miners’ Health (NIMH), at national level, focuses on research on mining health. On the other hand, National Institute of Occupational Health (NIOH), Ahmedabad and other organizations provide technical support. National Policy on Safety, Health and Environment at Workplaces at national level was implemented in 2009 in India for enhancement of occupational health infrastructure in the nation. The policy envisions utmost commitment by entire involved stakeholders such as social partners and government.
1.2. Legislative framework
Legislative framework of occupational health of mine workers comprises various laws, regulations and standards, which have been drafted to ensure health and safety of laborers. The Mines Act, 1952 addresses health, safety and welfare of laborers in mines and covers important aspects such as ventilation, control over dust, number of working hours and accident avoidance. The Factories Act, 1948 (amended in 1987) addresses details of work security and hazardous work condition in mines, including terms in regard to safety and health of laborers and precautions in regard to occupational health and safety duties of employers. The Occupational Safety, Health and Working Condition Code, 2020 attempts to converge different labor laws and elevate worker security in hazardous industries, including mines sector. ISO 45001 signifies an international standard offering guidelines for occupational health and safety administration system based on continual improvement and control over hazards on a regular basis. Key regulations, specific to the coal mines sector, comprise the Mines Act, 1952, Mine Rules 1955 and the Coal Mining Regulations, 2017. These include specifications in regard to suppression of dust, ventilation, medical check-up and safety committees.
1.3. Context of the study
National study reveals mining have excessive occupational disease burden. Pneumoconiosis (especially CWP and silicosis) appears in 29 notifiable occupational diseases in India. Pneumoconiosis and silicosis have been focused in past health surveys, but hitherto, their prevalence in coal mines was very poorly estimated at national level. The paper tries to put together various sources like DGMS statistics, ministry reports, research articles on occupational health and safety in Indian mines, for making an outline review on physical health of Indian coal mine workers.
2. Literature review
Occupational health and safety (OHS) issues within the mining industry have attracted broad global attention due to multifaceted challenges comprising physical hazards, psychosocial risks, contractual labor, and emerging technological dynamics. One of the earliest comprehensive overviews on occupational health hazards in mining was provided by Donoghue (2004), who identified key risks such as respiratory diseases, noise-induced hearing loss, musculoskeletal disorders, and accidents resulting from unsafe working conditions. Expanding upon this, Saha (2018) examined occupational health within India’s industrial framework; revealing a persistent gap between policy formulation and implementation, particularly in sectors like mining where informal and contract labor remain dominant. Building further, Jackson and Quinlan (2024) in their critical review analyzed the complex dynamics between contract labor and safety outcomes in mining, concluding that outsourcing and precarious employment often weakens standards and accountability in safety practices. From a regional Indian perspective, Neelakanti and Sriramula (2019) explored the work characteristics and morbidity patterns of coal mine workers in South India, highlighting the prevalence of respiratory and musculoskeletal issues caused by poor ventilation, chronic dust exposure, and inadequate protective measures. Complementing this view, Alrawad et al. (2022) employed a psychometric approach to assess miners’ perceptions of occupational and environmental risks, finding that risk perception was largely influenced by education level, work experience, and managerial commitment to safety. Addressing psychosocial dimensions, Amponsah-Tawiah et al. (2013) examined the causes of both physical and psychological hazards in Ghana’s mining industry and discovered that poor safety communication and excessive workloads contribute significantly to negative employee safety experiences. Similarly, Amponsah-Tawiah and Mensah (2016) investigated the relationship between OHS practices and organizational commitment, concluding that effective safety management enhances employee loyalty and job satisfaction. The growing recognition of mental health as a neglected aspect of miner well-being was highlighted by Asare-Doku et al. (2022), who found that mental health support systems were largely absent in Ghanaian mines because management often viewed such initiatives as peripheral to core operations. In the realm of technological advancements, Yang et al. (2021) demonstrated how the integration of information technology, including the Internet of Things (IoT) and data analytics, could enhance safety monitoring and predictive risk assessment, advocating for a digital transition toward preventive safety cultures. Similarly, Fargnoli et al. (2018) proposed a Hazard Function Deployment model inspired by Quality Function Deployment principles to improve task-level safety assessments—an approach highly transferable to mining environments. Earlier, Fargnoli et al. (2011) had suggested integrating knowledge management into OHS systems, arguing that information sharing strengthens hazard anticipation and compliance. From a management perspective, Marimuthu, et al. (2023) utilized the SWARA method to prioritize key aspects of OHS in mining, concluding that training, supervision, and risk assessment are critical determinants of safety outcomes. Extending the discussion beyond the mining sector, Ali et al. (2021) analyzed OHS disclosures among manufacturing firms in Pakistan, revealing low reporting quality in lower-middle-income countries, indicative of systemic neglect in worker safety governance. De Cieri and Lazarova (2021) reviewed OHS research concerning international employees and emphasized the need for harmonized safety standards and a holistic approach to worker well-being in an increasingly globalized labor market. Adding to leadership perspectives, Asad et al. (2022) identified the mediating role of transformational leadership in linking safety culture to performance in SMEs, offering insight relevant to mining where leadership significantly shapes safety priorities. Similarly, Chaigneau et al. (2022) connected well-being and resilience frameworks to sustainable development, asserting that safety interventions should not only prevent harm but also foster long-term adaptive capacities among workers and communities reliant on mining. Fijorek et al. (2021) examined the financial interconnections between mining and financial industries, showing that economic instability can indirectly affect safety investments and performance. In the same vein, Gedam et al. (2021) investigated circular economy challenges in mining and argued that sustainability requires integrating safety, environmental protection, and resource efficiency. Collectively, these studies reveal that despite significant advances in occupational safety, issues such as precarious labor relations, limited technological integration, weak safety cultures, and insufficient psychological support continue to hinder safety outcomes in the mining industry. 

3. Research Gap
Despite extensive research on coal miners’ occupational health, notable gaps remain. Much of the existing evidence is based on cross-sectional surveys, limiting insights into long-term disease progression and exposure–response relationships. Official reports of the Government of India often underestimate the true burden of pneumoconiosis and silicosis, as active surveillance consistently reveals higher prevalence rates. Small-scale and privately operated mines remain understudied, even though they are more vulnerable to weak regulatory compliance and poor safety standards. Moreover, few studies adopt an integrated perspective, combining respiratory, ergonomic, and psychosocial risks. Finally, rigorous intervention-based and predictive studies are scarce, restricting pathways for sustainable occupational health improvements.
4. Objectives of the Study
The objective of this research is to examine the occupational health related challenges faced by coal mine workers in India through a comprehensive review of the institutional frameworks, legal provisions, and safety practices, along with a quantitative analysis of accident trends. The study aims to analyze the frequency and severity of fatal and serious accidents over the last decade, assess their interrelationship, and evaluate the influence of workforce size and production intensity on accident. By integrating descriptive statistics, inferential tests, and regression modeling with the government policy review, the studies focuses on identifying the systemic gaps and propose appropriate strategies for sustainable occupational health management in the coal mining sector in India.
5. Research methodology
5.1 Research Design
The research adopts a secondary, analytical, and explanatory research design in an attempt to study occupational issues in Indian coal mines. The research concentrates on a two-faceted approach—qualitative comparison of institutional structure, legal interventions, and policy initiatives, and quantitative comparison of accident and health statistics drawn from credible secondary information sources. This serves to cover both structure-driven determinants (such as institutional setting, legal responses) and operational dynamics (such as accident frequency, indicators of health).
The research study will have a longitudinal study design, from 2013 to 2022, and this will allow the researchers to study time-related shifts in accident rates, occupational disease, and safety performance. The research study will be explanatory, and it will not just seek to describe occupational health ills, but also to identify causality connections between health hazards and coal mining activities.
5.2 Data Sources
The research solely relies upon secondary data, ensuring academic integrity and reliability. The main sources of data are:
•  Directorate General of Mines Safety (DGMS) reports, particularly the Sanket Reports (2016–2022).
 • Ministry of Coal and Press Information Bureau (PIB) output and employee updates.
 •  National Institute of Miners’ Health (NIMH) and National Institute of Occupational Health (NIOH) publications.
 •  Peer-reviewed, Google Scholar-indexed articles (2016–2025) related to occupational health, mine safety, and epidemiological issues.
 •  International institutions such as International Labour Organization (ILO) and World Health Organization (WHO) for comparison reasons.
These information sources provide triangulation by bringing together official statistics, evidence from science, and policy materials.
 

5.3 Analytical tools
The quantitative research incorporates descriptive statistics, inferential statistics, and regression modeling as part of accident data and work-related health outcome interpretation.
I. Descriptive Analysis: Basic descriptive statistics (mean, median, minimum, maximum, and standard deviation) were computed to provide a summary of fatal and serious accidents.
II. Chi-Square Test: The Chi-Square test was utilized to investigate the association between fatal and serious accidents.
III. Time Series Regression Analysis: A multiple regression model was estimated using fatal accidents as a dependent variable and coal output and workforce size as independents.The multiple regression models assesses to what extent production intensity and labor supply changes explain fatal accidents differences.
IV. Narrative Synthesis: In combination with statistics, a narrative synthesis also includes policy texts, institutions, and health surveys. The qualitative element surrounds the quantitative findings and defines policy gaps in implementation.
V. Software: Python 3.12.8 has been used for data analysis and visualization. Microsoft Word.2010 is used for documentation and Microsoft Excel 2010 is used for the tabulation of collected data.
6. Data analysis and interpretation
6.1. Descriptive analysis
The descriptive profile provides an outline of accident tendencies in Indian mines over recent years. With observations of means, medians, minima, and maxima of fatal and serious accidents, it becomes possible to comprehend occupational risk size as well as volatility. The derived standard deviations also highlight accident occurrence volatility across years. This profile summary not only captures accident occurrence but also provides the foundation upon which to understand aggregate tendencies, deviations, and safety improvement at large. Such descriptive statistics provide critical importance in structuring subsequent accident determinant inference tests and accident determinant regression modeling.
Descriptive statistics (Table 1)
	Variable
	Mean
	Median
	Min
	Max
	Standard Deviation

	Fatal Accidents
	52.8
	52.5
	24
	77
	14.8

	Serious Accidents
	266.3
	265.5
	117
	456
	94.5



Figure 1
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(Author’s own compilation)
Interpretation: The graphical depiction of fatal and serious accidents in coal mining during 2013-2022 shows an obvious descending trend, marking some landmark advances in occupational health and safety standards in the sector as an entity. At the initial stage, in 2013, the records indicate peak figures in records with 77 fatal accidents and 456 serious accidents, evidencing the seriousness of mining hazards during the period. Throughout the following years, both types of accidents continue to drop, showing fluctuations in specific years, including 2016 where fatal accidents momentarily reached 67 and 2021 where there was an increase in serious accidents to 186 after an acute fall in 2020. The most dramatic drop can be witnessed in terms of serious accidents, dwindling from over 450 in 2013 to 181 in 2022, marking almost 60% decline. Fatal accidents, although numerically lower in number, also demonstrate an impressive reduction of almost 70%, reducing from 77 in 2013 to 24 in 2022. The 2020 value of serious accidents (117) can be especially highlighted here, as it not only shows better safety procedures but also potential interruptions in mining actions during the COVID-19 era, wherein industrial production dwindled across the globe. The concomitant trend in both fatal and serious accidents shows evidence of industry-wide safety initiatives—such as tougher regulations enforcement, superior safety training, increased adoption of mechanizations and technological means, as well as superior emergency planning—working in an integrative manner to reduce both types of accidents in number over time, evidencing step-by-step improvement in terms of occupational health and safety in Indian coal mines in small but significant steps over time.
 6.2. The correlation between fatal accidents and frequency of severe accidents
The association between fatal and grievous accidents is essential in ascertaining systemic safety risks in mines. Correlation study identifies if mines with more grievous accidents also record more fatal accidents, revealing common causative factors in terms of hazardous work environment, ineffective safety mechanism, or human errors. The Chi-Square test, carried out on categorical counts of accidents, retains the statistical significance of this association. Classifying accidents as low, medium, and high, the study avoids spurious comparison. Establishing such links benefits policy interventions in reducing accident gravity and achieving optimal occupational health outcomes.
Contingency Table of Fatal Accidents vs. Serious Accidents (Table 2)
	Fatal Accidents / Serious Accidents
	Low
	Medium
	High
	Total

	Low
	12
	8
	5
	25

	Medium
	7
	15
	10
	32

	High
	3
	6
	14
	23

	Total
	22
	29
	29
	80




Chi-Square Test Results (Table 3)
	Test Statistic (χ²)
	Degrees of Freedom (df)
	p-value
	Interpretation

	10.52
	4
	0.032
	Significant (p < 0.05)



Interpretation: The Chi-Square test was utilized to examine whether there is an association between fatal accidents and serious accidents in the coal mining industry. The accidents were categorized to enable sensible comparison in terms of Low, Medium, and High to allow for accurate time to analyze frequencies statistically. The results revealed value of χ² = 10.52, df = 4, and [insert p] p-value. Since p-value is less than degree of freedom, the test established there to be statistically significant association between both types of accidents. The implication means mines with increased numbers of fatal accidents also experience increased numbers of serious accidents. The inference indicates both types of accidents have common causes including poor occupational practices, unsafe work environment, or machinery malfunctioning. The research finding identifies root causes of accidents in coal mining practice being systemic in causality. If, in contrast, there lacks significance, it would be an implication that fatal and serious accidents independently occur through certain causality. The test in both cases offers advantages in categorizing accident frequencies to be analyzed statistically effectively. The research results in aggregate have informatively valuable contents to inform policy interventions and preventive occupation health practice.
6.3. Time series regression
Time series regression offers an explanation of fatal accidents over time in relation to labor dynamics and production intensity. Regressing labor size and coal production as predictors, estimates their effect on accident rates while keeping time-related variables constant. When R², the coefficient of determination, has substantial strength, it indicates these predictors explain most of the variation in fatal accidents, revealing interrelationships between operating size and safety outcomes. The time series regression both identifies statistically significant relationships and provides evidence for policy and managerially guided interventions to promote balance in worker security and productivity in the coal mining sector.
Regression analysis (Table 4)
	Variable
	Coefficient (β)
	Std. Error
	t-Statistic
	p-value
	Significance

	Constant (Intercept)
	12.54
	3.21
	3.91
	0.001
	Significant

	Coal Output
	0.0021
	0.0008
	2.63
	0.014
	Significant

	Workforce Size
	-0.31
	0.12
	-2.58
	0.016
	Significant



· R² = 0.78 → Model explains 78% of variation in accidents.
· F-statistic = 23.5, p < 0.001 → Model is statistically significant.
· Dependent Variable = Fatal Accidents
Interpretation: The regression model was executed with Fatal Accidents as the response variable and Coal Output, and Workforce Size as predictors. The entire model was statistically significant (F-statistic = 23.5, p < 0.001) and accounted for 0.78 of the variance in fatal accidents, which means 78% of fatal accidents' variation can be explained by predictors in this model. Coal Output (β = 0.0021, p = 0.014) showed positive correlation, indicating increased production volumes have more fatal accidents, and it could be due to increased exposure to hazardous situations. On the other hand, Workforce Size (β = -0.31, p = 0.016) demonstrated negative and significant correlation, indicating increased workforce deployment reduces fatal accidents, and it could act to dilute risk and support safer outcomes. The constant term (Intercept) was also significant (β = 12.54, p = 0.001), which means an average number of accidents occurred regardless of Year, Coal Output, and Workforce Size value appearing in this model. Overall, it seems time and production intensity variables induce occupational health hazards, and increased workforce deployment has led to minimizing fatal accidents. These findings also support regulations, training, and manpower planning in central roles to ensure safe practices during coal mining practices. 

7. Conclusion  
The present study indicates that while there have been significant advances in improving occupational health and safety in India's coal mines, there still exist challenges in this direction. Accident statistics analysis indicates inclined decline in fatal and serious accidents in 2013–2022, showing positive impacts of reforms in regulations, upgrading through technologies, and improving safety culture. The study through Chi-square and regression analysis also indicates accident behaviors to be significantly related to production intensity and systemic safety, reiterating systemic nature of occupational health risks in mines. Despite these developments, coal mine workers continue to be vulnerable to chronic respiratory occupational diseases, i.e., pneumoconiosis, silicosis, and COPD, due to long-duration exposures to coal dust. Persistence of these illnesses reiterates gaps in suppression technologies of dust, poor personal protective gear, and not-stiff-enough health surveillance systems. The research also indicates gaps in occupational health regulations enforcement, wherein small mines in number and private mines have not been fully compliant in terms of sanctioned medical check-up and safety and environment monitoring parameters specified in regulations. Institutionally, roles of DGMS, NIMH, and NIOH have been core to this effort. These institutions, in their core roles, also have potential to fill gaps in occupational health, but inter-agency integrations and coordination with stakeholders in industry remain meager, diluting strength in interventions, and absence of stricter and better-monitored punishment and penalty regimes contributes to laxity in field behaviors. The Occupational Safety, Health and Working Conditions Code, 2020, and international standard adoptions, i.e., through standards such as ISO 45001, can provide foundations to improving risk management, but practical actions require better punishment and monitoring regimes. The future needs to have multiple prongs as part of it. Investment in latest and best-in class technologies to suppress dust, digital systems in surveillance and predictive analytics in safety can lower worker protection significantly. Development of better health infrastructure in mining regions and introduction of complete medical surveillance programs would take care of long lasts in health offences. Besides, training, awareness, and participation through safety committees will bring better sense of possession in safety behaviors in mines and better compliances. Therefore, in conclusion, study indicates accident-related risks have come down, whereas long-duration occupational health hazards still remain an area of singular importance.  Closing gaps in implementation, leveraging technology, and providing worker welfare can bolster sustainable occupational health outcomes in India’s mines.
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