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Abstract

Mining plays a vital role in industrial growth and economic development, but it also poses serious
health risks to workers. This project, titled “Mining Diseases,” examines major occupational
illnesses caused by long-term exposure to dust, gases, and harmful particles in mines. Key
diseases studied include silicosis, coal workers’ pneumoconiosis (CWP), asbestosis, tuberculosis
(TB), and noise-induced hearing loss (NIHL). These conditions are often irreversible and lead to
long-term disability, financial stress, or early death. The study covers causes, detection methods,
preventive measures, economic impact, and relevant policies. It looks at engineering controls
(like dust suppression), use of PPE, worker training, and real-life case studies from India and
other countries. Special attention is given to laws and programs like the Mines Act, DGMS rules,
and silicosis relief schemes in Rajasthan and Gujarat. It also highlights gaps in early detection,
gender-based exposure, informal sector data, and the need for better tracking systems. The
project suggests improvements like a national disease registry, stronger health monitoring, and
technology-based solutions. The goal is to promote safer mining practices where worker health is
prioritized alongside productivity.

Keywords: Mining diseases;, Occupational health hazards; Silicosis; Pneumoconiosis, Noise-
induced hearing loss,; Dust exposure; Disease prevention; Mining policies

1. Introduction

1.1 Background of the Study

Mining has long supported economic and industrial development by supplying essential raw
materials like coal, iron, and limestone. However, mining workers face serious occupational
health risks due to constant exposure to dust, toxic gases, noise, and physical strain. Diseases like
silicosis, coal workers' pneumoconiosis (CWP), asbestosis, tuberculosis (TB), and noise-induced
hearing loss (NIHL) are common - often developing slowly and causing long-term disability or
death. This issue is especially severe in countries like India, where mining conditions are harsh,
safety is poor, and many workers are employed informally.

1.2 Importance of the Study

Mining-related diseases are largely preventable, yet remain widespread due to lack of awareness,
poor safety enforcement, and weak health monitoring. This thesis is important because it:

Combines medical, technical, and policy insights.

Highlights the need for prevention, early detection, and fair compensation.
Identifies key gaps in current systems.

Helps engineers, safety experts, and policymakers design better solutions.

VVVY

1.3 Scope of the Study
The study focuses on chronic occupational diseases in Indian coal, stone, and asbestos mines. It
covers:

» Medical aspects: Disease symptoms and detection.
» Engineering controls: Dust control, ventilation, PPE.

2863 Shubham Kadari et al 2863-2883



Journal of Computational Analysis and Applications VOL. 33,NO. 7, 2024

10.48047/jocaaa.2024.33.07.44

Policies: Mines Act, DGMS rules, state relief schemes.

Economic impact: Costs to workers, companies, and governments.
Training: Education for safety.

Technology: Digital tools, remote monitoring, wearable devices.
Case studies: From India and other countries.

YVVYYVYY

Infectious diseases unrelated to workplace exposure are not included.
2. Methodology
This research is based on:

Government reports (DGMS, NIOH, MoLE).
Research papers and journal articles.

NGO and industry surveys.

Legal documents on mining safety.
Examples of real-life interventions.

2.1 Objectives of Mine Diseases

The primary objective of this study is to analyze the causes, diagnosis, prevention, and
socioeconomic impact of major occupational diseases in the mining sector. Specific objectives
include:

» To identify and classify the various mining-related diseases affecting workers.

» To study the diagnostic methods and tools used in early detection.

» To analyze the preventive strategies and workplace controls in Indian and international
mining industries.
To examine real-life case studies of disease outbreaks and their management.
To evaluate the economic burden these diseases, impose on workers, industries, and
governments.
To identify research gaps and suggest future priorities for occupational health in mining.

A\

A\

3. Types and Causes of Mining Diseases

Mining has been a cornerstone of industrial development and infrastructure, providing essential
raw materials such as coal, iron, copper, and limestone. However, the mining industry is also one
of the most dangerous professions worldwide due to exposure to a wide variety of occupational
hazards. Among the most severe consequences of mining are occupational diseases, often termed
as "Mining Diseases."

These diseases are caused by prolonged exposure to harmful particulate matter, toxic gases,
vibrations, extreme noise, chemical agents, pathogens, and poor ergonomic conditions. In
underground and surface mining operations alike, the health of miners is continually at risk unless
robust safety protocols are maintained.

Mining diseases are typically chronic in nature, progressive, and may remain asymptomatic for
years before manifesting clinically. Most common are respiratory diseases, especially in
underground mines where air circulation is poor, and the concentration of airborne dust is high.

4. Classification of Mining Diseases

Mining diseases can be classified by affected body systems or the harmful agents involved. The
main categories are:

4.1 Respiratory Diseases in Mining
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Miners are at a high risk of developing respiratory diseases due to prolonged exposure to dust,
toxic particles, and fibers in their working environment. These hazardous substances can severely
damage lung tissues, leading to chronic and sometimes fatal conditions.

Silicosis is a common occupational lung disease caused by inhaling crystalline silica dust,
typically released during operations involving rocks like quartz. This disease results in lung
scarring and significantly increases the risk of tuberculosis (TB). Silicosis can be classified into
three types—chronic, accelerated, and acute—depending on the duration and intensity of
exposure. Common symptoms include persistent dry cough, breathlessness, and fatigue. Workers
involved in stone quarrying, drilling, and sandblasting are particularly vulnerable.

Coal Workers’ Pneumoconiosis (CWP), commonly known as “Black Lung Disease,” results
from long-term inhalation of coal dust. This condition may progress to severe lung fibrosis,
impairing respiratory function. Affected individuals often experience symptoms such as chronic
cough with black sputum and shortness of breath. It is predominantly seen among coal miners.

Asbestosis is caused by the inhalation of asbestos fibers, leading to progressive lung damage and
a significantly increased risk of developing cancers such as mesothelioma. Symptoms typically
appear many years after initial exposure, and the disease is most prevalent among workers
involved in asbestos mining and processing.

Chronic Obstructive Pulmonary Disease (COPD) is another condition affecting miners, often
resulting from long-term exposure to dust, combined with lifestyle factors like smoking. It
includes diseases such as chronic bronchitis and emphysema. Symptoms include wheezing, chest
tightness, and breathlessness.

Tuberculosis (TB) is particularly common among miners who already suffer from lung damage,
especially those with silicosis. TB spreads through airborne particles and is exacerbated by the
crowded and poorly ventilated conditions often found in mines. Due to this, miners require
regular health screenings and early intervention to control the spread and impact of TB.

4.2 Skin Diseases in Mining

Miners are frequently exposed to various harmful substances and environmental conditions that
can lead to occupational skin diseases. One of the most common conditions is Contact Dermatitis,
which occurs due to direct skin contact with irritants such as oils, solvents, or industrial
chemicals. This leads to symptoms like redness, rashes, itching, and in severe cases, blister
formation. Without proper protective measures, repeated exposure can cause chronic skin
inflammation and discomfort.

Another serious concern is Skin Cancer, which can develop due to prolonged exposure to
ultraviolet (UV) radiation and contact with carcinogenic substances like coal tar or arsenic. The
most common types observed are Basal Cell Carcinoma (BCC) and Squamous Cell Carcinoma
(SCC). These conditions are largely preventable through the consistent use of personal protective
equipment (PPE), appropriate workwear, and application of sunscreen to reduce UV exposure.

4.3 Noise-Induced Hearing Loss (NIHL)

Noise-Induced Hearing Loss (NIHL) is a significant occupational hazard in the mining industry,
resulting from prolonged exposure to high levels of noise generated by mining operations.
Common sources include blasting, drilling machines, crushers, and other heavy equipment.
Continuous exposure to such loud environments can lead to irreversible hearing damage.
Symptoms often begin with tinnitus—a persistent ringing or buzzing in the ears—and may
progress to partial or complete hearing loss over time. Prevention is critical and includes the
consistent use of hearing protection devices such as earplugs or earmuffs, as well as implementing
engineering controls to reduce noise levels at the source.
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4.4 Causes of Mining Diseases

Mining-related diseases arise due to multiple harmful exposures in the work environment. Key
causes include:

> Airborne Particles

o Fine dust (especially <10 microns) enters deep into the lungs.
o Leads to respiratory diseases like silicosis and pneumoconiosis.

» Toxic Gases

o Methane (CHa4): Flammable; poses explosion risk.

o Carbon Monoxide (CO): Displaces oxygen in the blood; can be fatal.

o Hydrogen Sulfide (H-S): Highly toxic; causes respiratory failure even at low
concentrations.

» Chemical Exposure

o Exposure to hazardous chemicals like cyanide, mercury, and sulfuric acid during
ore processing.
o Can lead to poisoning, organ damage, and long-term health effects.

> Ergonomic Stress

o Repetitive motions, awkward working postures, and heavy lifting.
o Causes musculoskeletal disorders such as chronic back, joint, and muscle pain.

> Mental Health Stress

o Isolation, accident fear, long working hours, and job insecurity.
o Contributes to anxiety, depression, and post-traumatic stress disorder (PTSD).

> Lack of Personal Protective Equipment (PPE)

o Increases exposure to dust, chemicals, and noise.
o Common in under-regulated or poorly resourced mining operations.

> Poor Ventilation

o Inadequate airflow traps dust and toxic gases.
o Especially dangerous in underground mining environments.

» Contaminated Water
o Waste from mining activities pollutes local water sources.

o Contains heavy metals and chemical residues, causing long-term health issues.

Pathogenesis of Mining Diseases

Stage What Happens
1. Exposure Continuous contact with dust/gases/chemicals
2. Entry Through lungs (inhalation) or skin (absorption)
3. Body Reaction Inflammation or allergic response begins
4. Damage Builds Up Tissue damage, fibrosis, or mutation (cancer risk)
5. Symptoms Appear Cough, breathlessness, pain
6. Long-term Outcome Chronic illness, disability, or organ failure
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5. Disease Detection & Diagnostic Methods

The mining industry exposes workers to a complex array of occupational hazards, many of which
contribute to the onset of chronic and life-threatening diseases. These diseases—most commonly
respiratory conditions, dermatological reactions, musculoskeletal disorders, and hearing loss—are
often insidious in nature, taking years or even decades to become clinically apparent.

Early detection and diagnosis are essential for effective management, prevention of progression,
compensation, and occupational rehabilitation. This chapter delves into the techniques,
technologies, and protocols used to detect, monitor, and diagnose mining-related diseases, with a
focus on respiratory ailments such as silicosis, coal workers’ pneumoconiosis (CWP), and
asbestosis, which are most prevalent in mining populations.

5.1 General Diagnostic Framework in Mining Medicine

The diagnosis of occupational diseases, especially in mining, follows a structured sequence
involving:

Exposure History Review

Clinical Symptom Evaluation

Physical Examination

Radiographic Imaging

Pulmonary Function Testing

Laboratory Investigations

Advanced Diagnostics (CT, HRCT, Biomarkers)
Disease Severity Grading

Report to Occupational Health Authorities (If Notifiable)

A A

Each step is critical and builds toward a comprehensive understanding of the miner's condition.

5.2 Respiratory Disease Diagnosis

> Silicosis:

Silicosis is a chronic, progressive, and fibrotic lung disease caused by prolonged inhalation of
crystalline silica dust, commonly found in occupations such as sandblasting, stone cutting, and
underground drilling. Although silicosis is irreversible and incurable, it is largely preventable
through effective dust control and personal protective equipment. Early and accurate diagnosis is
critical for patient management and prevention of complications, including silico-tuberculosis
(Silico-TB).

Diagnostic Protocol for Silicosis

The diagnostic process for silicosis involves a combination of occupational, clinical, radiological,
and laboratory evaluations, as outlined below:
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Table 1 Diagnostic Protocol for Silicosis

Step Method Details

1 Occupational History exposure (e.g., sandblasting, stone cutting,

Detailed account of duration and intensity of silica

underground drilling).

Chronic cough, dyspnea (shortness of breath),

2 Symptom Assessment fatigue, chest tightness.
3 Physical Examination Crackling sopnds during lung auscultation, reduced
chest expansion.
Uses the ILO Classification System to identify
4 Chest X-Ray (CXR) small round opacities in the upper lobes. Nodules

are classified from 0/1 to 3/3.

Detects early nodular changes, lymph node

High-Resolution CT Scan calcification, and reticular fibrosis not visible in

(HRCT) CXR.
6 Pulmonary Function Test | Shows restrictive pattern with reduced FVC, normal
(PFT) or elevated FEV1/FVC ratio.
7 Sputum To rule out Silico-TB, a common co-morbidity. TB
Microscopy/GeneXpert | bacilli may be latent or active.
] Bi(i)rrllis:;:fl?/lca;rrl;;;; a;ge Used to identify macrophage burden and particle

load.

cases)

» Coal Workers' Pneumoconiosis (CWP)

CWP, or "Black Lung Disease", is caused by inhalation of coal dust over many years. Like
silicosis, it can progress to Progressive Massive Fibrosis (PMF).

Diagnostic Approach

Chest X-Ray: Small nodular opacities in upper lobes; ILO grading is also applied here.
HRCT: Critical for detecting early-stage disease and PMF masses.

PFT: Mixed pattern (obstructive and restrictive).

ABG (Arterial Blood Gas) Test: In advanced disease, reveals hypoxia and hypercapnia.
Blood Tests: To monitor inflammatory markers and rule out infection.

Asbestosis

Asbestosis results from long-term exposure to asbestos fibers, often occurring decades after initial

contact.

Diagnostic Protocol

History: Exposure to asbestos (insulation, shipyards, roofing).

Symptoms: Gradual onset of breathlessness, clubbing of fingers.

CXR/HRCT: Lower lung fibrosis, pleural plaques, calcified diaphragmatic lining.
PFT: Restrictive pattern with decreased lung volumes.

BAL (Bronchoalveolar Lavage): Detects asbestos bodies; rare in India due to cost.
Biopsy: Rarely used but confirms the presence of fibrosis and asbestos bodies.
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» Occupational Tuberculosis (Silico-TB)
TB is endemic in many mining regions, especially where silica exposure compromises immunity.
Diagnostic Steps

Mantoux Test: Positive if >10 mm induration.

Sputum AFB Test: Confirms active TB.

GeneXpert MTB/RIF: Rapid test for both TB and drug resistance.
Chest X-Ray: Cavity formation, nodular infiltration, consolidation.
Culture (Lowenstein-Jensen): Gold standard but takes weeks.
Blood Tests: ESR, CRP, complete blood count.

5.3 Non-Respiratory Mining Disease Diagnosis
> Noise-Induced Hearing Loss (NIHL)
Caused by prolonged exposure to high decibel noise from drills, crushers, and engines.
Diagnostic Tools
e Pure Tone Audiometry (PTA): Measures hearing thresholds across frequencies (0.5-8
kHz).
e Tympanometry: Evaluates middle ear function.

e Otoacoustic Emission (OAE): Detects cochlear damage, useful in early stages.
> Musculoskeletal Disorders (MSDs)

These disorders stem from repetitive strain, poor posture, and heavy lifting.

Diagnostic Methods
¢ Orthopedic Evaluation: ROM (range of motion), palpation, strength tests.
¢ X-rays/MRI: Detects osteoarthritis, disc prolapse, tendonitis.
¢ Ergonomic Risk Assessment: Workstation analysis, posture analysis tools.
e Surface EMG (Electromyography): Evaluates muscle fatigue and overuse.

»> Heavy Metal Poisoning (Lead, Mercury, Arsenic)
Detection Techniques

Blood Lead Level (BLL): BLL >10 pg/dL indicates toxicity.
24-hour Urine Analysis: Detects mercury and cadmium levels.
Neurobehavioral Tests: Attention span, memory, coordination.
EEG/Brain Imaging: In advanced neurotoxic cases.

» Emerging & Advanced Diagnostic Technologies
Al-Based Chest Imaging Analysis

e Uses machine learning algorithms to detect early signs of pneumoconiosis and silicosis
from X-rays.
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e Programs like CADATB (Computer-Aided Detection for TB) now adapted for
pneumoconiosis.

Biomarker-Based Detection

o KIL-6 (Krebs von den Lungen-6): Lung injury biomarker.
e SP-D (Surfactant Protein D): Marker for pulmonary fibrosis.
e MicroRNA Signatures: Potential for early silicosis detection (experimental stage).

Portable Pulmonary Screening Tools

e Handheld spirometers for on-site health checks.
e Useful for periodic screening in remote mining areas.

Regulatory Standards and Guidelines

Agency Standard/Guideline
ILO Chest X-ray classification for pneumoconiosis.
WHO Mandatory TB screening in silica-exposed populations.
DGMS (India) Periodic medical examination (PME) every 5 years (every year after
age 45).
NIOSH (USA) | Coal Workers' Health Surveillance Program (CWHSP).
MOLE (India) Mines Act, 1952 — health record maintenance.

Challenges in Diagnosis

Delayed Reporting: Due to lack of symptoms in early stages.
Misdiagnosis: Confusion with asthma, TB, or lung cancer.
Inadequate Infrastructure: Especially in small-scale and illegal mines.
Low Awareness: Among both workers and primary care physicians.
Cost: HRCT and biomarker tests remain unaffordable for many.

6. Preventive Measures and Workplace Controls

Mining, by nature, involves disturbing geological materials—releasing harmful dust, gases, and
vibrations into the air and environment. As a result, mining workers are continuously exposed to
occupational hazards that contribute to a variety of diseases such as silicosis, coal workers’
pneumoconiosis, asbestosis, tuberculosis (TB), and hearing loss.

Since most mining diseases are irreversible, progressive, and latent in onset, prevention is more
critical than treatment. Effective prevention requires a robust framework of controls at various
levels: technical (engineering), organizational (administrative), and individual (PPE and

education).

In this chapter, we explore in detail the techniques, practices, and policies that have been
scientifically validated and internationally adopted for the prevention of occupational diseases in

mining.

6.1 The Need for Prevention

The burden of occupational diseases in mining is significant:

e In India alone, over 3 million workers are engaged in mining and quarrying.
e Studies show a prevalence rate of 20—25% for silicosis in sandstone and quartzite mining
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zones (e.g., Rajasthan, Jharkhand).

o 80% of TB cases in mine workers are linked to prior dust exposure, especially silica.

e Many diseases become symptomatic 10-20 years after exposure, making detection and
compensation complex.

Given these facts, prevention must be embedded before exposure occurs, not after illness
manifests.

6.2 The Hierarchy of Controls in Mining Health & Safety

The Hierarchy of Controls, widely used in occupational health, provides a risk reduction strategy
by prioritizing intervention levels:

Elimination — Remove the hazard entirely.

Substitution — Use safer materials/processes.

Engineering Controls — Isolate workers from hazards.
Administrative Controls — Change how people work.

Personal Protective Equipment (PPE) — Protect the worker directly.

We now examine these layers in detail, contextualized for the mining environment.

6.3 Elimination and Substitution

Hazard Elimination

e Eliminating open drilling without dust control in favor of mechanized equipment with in-
built wetting systems.

e Removing asbestos from insulation, brake pads, and construction materials in mines.

e Phasing out mercury-based gold extraction in artisanal mining.

Substitution

e Replacing crystalline silica with less hazardous abrasives (e.g., using garnet or olivine
instead of sand).

e Using less toxic hydraulic fluids and coolants.

e Switching from diesel to electric machinery to reduce exhaust inhalation in underground
mines.

6.4 Engineering Controls

Engineering controls involve physical or mechanical solutions to isolate the hazard from the
worker.

Dust Suppression Technologies

Wet Drilling: Continuous water spray at the drilling point to reduce airborne silica dust.
Enclosed Crushing Systems: Fully sealed crushers with suction hoods and dust collectors.
Vacuum Extraction Systems (VES): Removes airborne contaminants at source.

Mist Cannons: Sprays ultra-fine water droplets over haul roads and stockpiles.
Bitumen-Sealed Roads in surface mines to reduce road dust.

Mechanical Ventilation in Underground Mines

e Main Ventilation Fans: Create a constant airflow from surface to the face of operations.
e Auxiliary Ventilation Ducts: Direct fresh air to specific work sites.
e (Gas Monitoring Sensors: Continuously measure CO, CHa, NO2 levels.
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Noise and Vibration Isolation

Sound-Dampening Enclosures: For drilling rigs, engines, and compressors.

e Anti-Vibration Mountings: On heavy machines and hand tools to prevent long-term
neuromuscular disorders.

e Use of Quieter Equipment Models: As per ISO 3744 standards.

Enclosed Cabins and Operator Pods

e Air-conditioned cabins with HEPA filters prevent dust and gas inhalation.
e Often used in draglines, haul trucks, and blast-hole drills.

6.5 Administrative Controls

Administrative controls involve changes in procedures, policies, and organization to reduce
exposure risk.

Exposure Monitoring and Reporting
e Real-Time Personal Dust Monitors (e.g., TSI SidePak, Thermo PDM3700) for respirable
dust.
e  Workplace Air Quality Assessments by third-party agencies every 6 months.
e Logging exposure durations and concentrations to identify high-risk roles.

Worker Rotation and Shift Adjustment

e Rotating workers between high- and low-exposure zones.
e Limiting continuous hours spent in drilling, blasting, and crushing units.
e Mandatory recovery breaks after high-vibration tasks.

Training and Capacity Building

e Induction Training: Health hazards, PPE use, emergency procedures.
e Periodic Refresher Courses: Latest dust control practices, use of new PPE.
e Safety Champions/Peer Educators: Workers trained to influence peers.

Health Promotion Programs

¢ On-site Yoga, Physiotherapy, and Psychological Counseling for stress and ergonomics.

e Tobacco cessation programs, given the synergistic effect with silica in TB and lung cancer
risk.

e Hygiene Infrastructure: Clean rest areas, bathing facilities, and food halls reduce dermatitis
and infections.

Personal Protective Equipment (PPE)

PPE is crucial in high-risk areas, though it should never be the sole method of protection.

Respiratory Protection
e NO95/N100 Masks: Must be certified under NIOSH (USA) or IS 9473 (India).
e Powered Air Purifying Respirators (PAPR): Used in enclosed spaces or toxic fume zones.
e Cartridge Replacements: Done weekly or as per manufacturer guidelines.

Hearing Protection

e Earmuffs (SNR >25 dB) for engine room workers.
¢ Canal Caps and custom earplugs for longer durations.
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Eye and Face Protection

e Dust-proof goggles for drilling and blasting.
e Face shields during grinding or welding operations.

Full-Body Safety

e Reflective jackets, steel-toe boots, hard hats, gloves, and fall protection harnesses.
o FR (Fire-Resistant) clothing for those handling explosives or chemicals.

Health Surveillance and Medical Monitoring

Medical monitoring ensures early detection of disease onset, often before clinical symptoms
appear.

Pre-Placement Examination

e Baseline chest X-ray, spirometry, audiometry, ECG, and liver/kidney function tests.
e Screening for existing TB or lung fibrosis.

Periodic Medical Examination (PME)

As per DGMS Rule 29B:
e Every 5 years for workers <45 years.
e Every year for workers >45 years or exposed to toxic dust.
e Includes: X-ray, PFT, CBC, urine analysis, vision, and hearing checks.

Mobile Occupational Health Units

e Equipped with X-ray machines, spirometers, lab tests, and medicine.
e Regular deployment in remote mines.
e Facilitates tracking of early fibrosis, TB, and hypertension.

Policy, Legal, and Institutional Framework (India)

Law/Body Description

Mines Act, 1952 Legal framework for mining health and safety.

Mines Rules, 1955 Mandates medical examinations, working hours, hygiene.
DGMS Director General of Mines Safety — enforces safety rules.
ESIC Provides insurance and compensation.

Silicosis Control Programs (State | Rajasthan, Gujarat, and Jharkhand have notification and relief
Level) programs.

ILO Convention 161 & 176 Ratified by India to safeguard occupational health services.

7. Case-Based Examples of Prevention

7.1 Case 1: Silicosis Reduction in Dholpur, Rajasthan

e Introduction of wet drilling reduced silicosis cases by 40% in 3 years.
¢ Government issued identity cards to certified silicosis patients for medical benefits.

7.2 Case 2: CIL's Dust-Free Cabins

e Coal India Limited retrofitted bulldozers and trucks with AC cabins with HEPA filters.
e Reduced respirable coal dust exposure by 70%.
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7.3 Case 3: Jharia Underground Ventilation Upgrade

e Post methane explosions, Jharia coalfield mines added real-time gas sensors, leading to zero
gas deaths for 5 years.

Challenges in Implementation

e Low Budget Allocation: Especially in small-scale mines.

e Lack of Skilled Safety Officers: Poor enforcement of DGMS rules.
Cultural Resistance: Workers often neglect PPE use due to discomfort or lack of
awareness.

e Corruption and Data Falsification: Falsified air quality reports in illegal mines.
Limited Legal Awareness: Workers unaware of their right to periodic health checks or
compensation

8. Technological and Policy Advances in Enhancing Health and Safety in Mining

Modern mining operations are increasingly required to strike a balance between productivity and
worker health. Preventable occupational diseases such as silicosis and coal workers’
pneumoconiosis (CWP) continue to pose serious threats, particularly in developing regions.
However, the integration of advanced technologies and the enforcement of robust health and
safety policies are reshaping the mining landscape. This chapter discusses key engineering
solutions, monitoring technologies, and policy-based interventions aimed at minimizing health
risks and ensuring sustainable mining practices.

8.1 Engineering Solutions for Dust and Gas Control

Wet Drilling Techniques

The use of water during drilling operations has been shown to reduce airborne dust levels by over
80%. This technique is widely adopted in countries such as Australia and across the European
Union. However, its implementation remains limited in India, especially in small-scale and
informal mining operations.

Enclosed Cabins with Clean Air Systems

Modern mining equipment, including trucks and drills, are increasingly equipped with enclosed
operator cabins featuring high-efficiency particulate air (HEPA) filters and pressurization
systems. These cabins significantly reduce the ingress of dust and harmful gases, providing a safer
working environment for operators.

Mist Cannons and Road Sprinklers

Dust suppression technologies such as mist cannons and road sprinklers release fine water
droplets to capture airborne particles, particularly during blasting and transportation. These
systems are capable of reducing dust concentrations by 60-70%, contributing to improved
ambient air quality in mining zones.

Remote-Controlled and Automated Equipment

Remote operation technologies enable workers to control heavy machinery—such as longwall
shearers, drilling rigs, and explosives—from safe, remote locations. This significantly reduces
exposure to hazardous environments, particularly in deep and highly pressurized underground
mines.
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8.3 Health and Monitoring Technologies

Wearable Health Monitoring Devices

Advancements in wearable technology allow for real-time monitoring of workers’ vital signs,
including heart rate, blood oxygen levels, body temperature, and fatigue levels. These devices are
integrated with control room systems to provide immediate alerts in case of physiological distress or
abnormal readings.

Digital Radiography and HRCT Scanning

High-resolution diagnostic tools, such as digital X-rays and High-Resolution Computed Tomography
(HRCT), enable early detection of occupational lung diseases like silicosis and CWP. These advanced
imaging modalities offer superior clarity and diagnostic accuracy. In recent developments, Al-assisted
image interpretation is being utilized to support rapid and reliable diagnoses.

Mobile Occupational Health Units

Mobile health vans equipped with digital radiography units, spirometers, and diagnostic laboratories
are instrumental in delivering Periodic Medical Examinations (PME) to workers in remote and
informal mining areas. These units bridge the gap in healthcare access and support early disease
identification and intervention.

9. Training and Awareness Programs

Preventing mining-related diseases such as silicosis, pneumoconiosis, asbestosis, and tuberculosis
requires not just technology, but also strong worker education. Training and awareness are key to
helping workers understand the risks they face and how to protect themselves. Many mining diseases
develop silently over time, so without proper knowledge, workers may not notice early symptoms or
use protective gear correctly.

The goal of training programs is to teach workers about disease causes, symptoms, and prevention
methods. This includes correct use of personal protective equipment (PPE), importance of hygiene,
early health reporting, and lifestyle changes like quitting smoking. There are different types of
training: induction training for new workers, job-specific training for equipment operators and
drillers, refresher training conducted annually, and health-focused training delivered by health experts
or NGOs.

Awareness programs are also widely used, including posters, banners, and short talks (Toolbox Talks)
before shifts. Street plays, community health camps, and mobile health units help spread messages to
workers' families, especially in informal or rural mining areas.

Various stakeholders play important roles—mining companies organize and fund training;
government bodies like DGMS enforce rules; NGOs and hospitals support training in underserved
areas; and trade unions help ensure workers’ rights. Training is delivered through lectures,
demonstrations, videos, role-play, and peer-led models where trained workers teach others.

National efforts like the DGMS training guidelines and the National Occupational Health Programme
(NOHP) support structured training. Globally, countries like South Africa, Australia, and Canada use
digital platforms, virtual reality, and peer learning to boost mining health education.
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Challenges include high worker turnover, low literacy, stigma around disease reporting, and lack of
funding in small-scale mines. To improve outcomes, training should be made mandatory, included in
wage agreements, supported by digital tools, and adapted to local languages and conditions.

10. Economic Impact of Mining Diseases

Mining-related diseases like silicosis, pneumoconiosis, asbestosis, and silico-tuberculosis impose
massive economic burdens on individuals, companies, and governments.

1. Cost Categories

e Direct Costs: Medical treatment, hospitalisation, rehabilitation, and compensation/payments
under schemes such as Rajasthan's silicosis policy (3300,000 treatment, 3200,000 death
benefit)

e Indirect Costs: Reduced output, absenteeism, early retirements, training replacements, and
higher insurance costs for companies.

o Intangible Costs: Family anguish, lost quality of life, and social stigma.

e Long-Term Costs: Broken communities, lower regional GDP, pressure on public health
infrastructure.

2. Impact on Workers

e Silicosis and lung damage reduce miner income by 40—70%, especially in informal sectors .

e Out-of-pocket expenses for treatment range from 320,000 to 70,000 annually per worker .

e Example: A Jharkhand miner earning X15,000/month may lose X1.2—1.5 lakh per year due to
illness and care expenses.

3. Impact on Employers

e Decrease in productivity: Even one absent miner can reduce coal output by 1.5-3 tons/day.
e High compensation payouts: Rajasthan disburses ¥300,000 per silicosis case
e Legal and insurance costs increase due to non-compliance and health claims

4. Government and Public Sector Burden

e Public hospitals in mining regions see up to 25% patient load from mining diseases, requiring
chronic care (inhalers, CT drugs)

e Rajasthan’s scheme has paid over 3300 crore in compensation since 2013 .

e National schemes like e-SHRAM and PMJAY absorb rising numbers of affected workers.

5. National & Global Economic Impact

e Occupational diseases cost about 4% of global GDP, or US $2.8 trillion/year
e Mining-heavy regions like central India are especially affected through lost output, regional
stagnation, and underreported informal sector illnesses
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6. Economic Modelling

e Cost of Inaction: If 15% of India’s ~2 million miners develop silicosis/TB and lose X1.25 lakh
annually, losses could reach 337,500 crore over 10 years

e Return on Prevention (RoP): Every X1 spent on dust controls, PPE, and training could save
%6-10 in treatment and lost wages .

7. Long-Term Consequences

e  Education Dropouts: Over 60% of children in affected households leave school
e Community Decline: Mining regions face malnutrition, unemployment, reduced credit access,
and limited economic growth .

8. Informal Mining Sector

e Approximately 70 lakh workers in informal mining lack insurance or legal protection
e Disease and financial loss in these populations go unreported, yet contribute significantly to
overall economic cost.

9 Research Gaps and Future Priorities

Mining greatly supports industrial growth but occupational diseases like silicosis and TB remain
under-researched and under-prioritized. This chapter highlights major gaps and outlines future focus
areas.

1. Epidemiology & Surveillance

e No unified national registry for mining diseases; data is fragmented.
e Limited prevalence studies; informal sector and regional differences poorly understood.
e No real-time disease monitoring in major mining areas.

2. Medical & Clinical

e Late diagnosis using chest X-rays and CT scans; need early biomarkers.
e Non-standardized diagnostic criteria cause misdiagnosis.
e Poor understanding of comorbidities with TB, COVID-19, and other diseases.

3. Technology & Engineering

e Lack of personal dust monitors and real-time exposure tracking.
e Dust control tech not adapted for open mines and humid climates.
e PPE not designed for Indian mining conditions, especially informal miners.

4. Socioeconomic & Behavioral

e Limited study on why miners delay medical care.
e  Women and children’s exposure largely ignored.
e Mental health impacts rarely researched.
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5. Policy & Governance

e Inconsistent state compensation policies and poor enforcement of health laws.
e No cost-benefit studies on preventive measures and policies.

6. Training & Education

e Lack of evaluation on training program effectiveness and behavior change.
e Digital literacy and e-learning tools for miners are unexplored.

7. Environmental & Emerging Areas

e No research on climate change effects on dust and disease spread.
e Post-COVID health impacts overlap mining diseases but lack study.
e No roadmap on mining diseases amid automation and Al adoption.

11. Case Studies and Real-World Impacts

The study of mining diseases cannot be complete without analyzing how they impact real people and
communities. Case studies provide a bridge between theory and reality, offering insight into how
occupational illnesses arise, how mining systems and governments respond, and how health outcomes
vary depending on preventive and diagnostic practices.

This chapter compiles documented case studies from India and around the world, showcasing both
success stories and failures. It further analyzes the health, economic, and social impacts of mining
diseases, emphasizing the importance of timely diagnosis, preventive workplace practices, and long-
term policy reform.

Case Study 1: Silicosis Epidemic — Dholpur and Karauli, Rajasthan, India
Background

The sandstone quarries in Rajasthan’s Dholpur and Karauli districts employ thousands of workers,
most from economically and educationally disadvantaged backgrounds. The work involves manual
stone cutting, shaping, and drilling—primarily conducted in open-air mines without any dust
suppression systems.

Key Findings

e Over 30% of workers exposed to dry stone cutting developed silicosis within 8—10 years.

e Diagnoses often delayed due to confusion with asthma or TB.

o  Workers lacked health records, formal employment status, or insurance.

e Affected workers often worked until late stages of lung damage, leading to death or total
disability by age 40-45.

Impacts

e Increased death rate among working-age males.
e Families lost sole breadwinners; women and children entered child labor or manual jobs.
e Significant rise in school dropout rates and child malnutrition in affected households.
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e Many widows and disabled workers lived without financial or medical support.

Policy Response

Rajasthan Government launched the “Silicosis Relief Scheme” in 2019:

e I3 lakh one-time compensation to diagnosed patients.

e Free medical treatment under the State Illness Assistance Fund.

e Monthly disability pensions.

e Inclusion in BPL (Below Poverty Line) category for social schemes.

Community Action

e Gramin Vikas Vigyan Samiti (GRAVIS), an NGO, organized community screenings,
awareness campaigns, and legal advocacy.

o Initiated documentation of workers’ occupational history and pushed for government
notification of silicosis as an occupational disease.

Case Study 2: Pneumoconiosis in Coal Mines — Jharia Coalfield, Jharkhand
Overview

The Jharia coalfield is a major center of underground and opencast coal mining. Despite
mechanization, dust exposure remains high, and respiratory health is a major concern among workers.

Medical Survey Findings
A 2018 survey by Central Institute of Mining and Fuel Research (CIMFR) found:

o 14.8% of underground workers had radiographic signs of early-stage pneumoconiosis.

e More than 60% of the workers had never undergone pulmonary function testing.

e Incidence of Progressive Massive Fibrosis (PMF) was seen in long-serving employees (>25
years of service).

Occupational Factors

e Dust monitoring was either absent or improperly implemented.
o PPE (masks) were often unavailable or misused.
o Low awareness among workers regarding dust-related diseases.

Policy Interventions

e Coal India Limited (CIL) started health monitoring through mobile medical vans.

e Implementation of dust extraction systems, improved underground ventilation, and job
rotation protocols.

e HRCT imaging introduced for suspected pneumoconiosis in select hospitals.

Outcome
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e Despite technological improvements, diagnosis remains delayed.
e Social stigma and fear of job loss discourage reporting of early symptoms.

Key Takeaways

e Periodic health surveillance and compliance enforcement are critical.
e  Worker education is necessary to improve PPE adoption and symptom reporting.

Case Study 3: TB and Silico-TB in Stone Crushers — Satna, Madhya Pradesh

In Satna district, more than 100 stone crushing units operate without proper dust control. Workers are
exposed to fine silica particles, leading to an increased incidence of tuberculosis (TB) and silicosis.

Epidemiological Data
In a medical screening camp held in 2018:

e TB positivity rate was nearly 18%, compared to the national average of ~2.4%.
e  Most patients had dual exposure: silica dust and co-morbid malnutrition.
e 40% of affected workers were aged below 40.

Intervention

o A local NGO conducted awareness programs, linked patients to DOTS (Directly Observed
Treatment) for TB.
o Efforts were made to provide PPE and dust suppression systems, but adoption remained low.

Challenges

e  Workers often migrated or worked informally, making consistent follow-up difficult.
o Employers lacked incentives to invest in health safety.

Impact

e Increased TB transmission within poor, densely populated worker colonies.
e  Multidrug-resistant TB (MDR-TB) cases began emerging.
e Families bore long-term healthcare costs, leading to asset depletion and debt cycles.

Case Study 4: Asbestos Exposure — Alang Shipbreaking Yard, Gujarat
Background

Alang, in Bhavnagar District, is the world’s largest shipbreaking yard. Many ships broken here
contain asbestos insulation, especially in older vessels.

Findings from Field Reports

National Institute of Occupational Health (NIOH) studies found that:
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e  Workers had no respiratory protection while handling asbestos-laden panels.
e Around 12% of workers tested showed radiological signs of asbestosis.
e Many developed chronic breathlessness and early-onset lung fibrosis.

Complications

e  Workers were mostly migrants, lacking proof of employment and medical history.
o Hospitals and local clinics were unequipped to diagnose asbestosis.

Government Measures

e Ban on importing ships with unmarked asbestos.
e Requiring certified dismantling companies to follow pollution control protocols.
o  Still, many yards remained non-compliant, especially with subcontracted labor.

Consequence

e Dozens of deaths have occurred silently, with no legal recourse for families.
e Several NGOs continue to fight legal cases seeking compensation for victims.

International Case Study 1: South African Gold Mines and TB-HIV Epidemic

Overview

South African gold miners are among the most heavily impacted occupational groups globally,
suffering from high TB incidence rates—up to 3,000 cases per 100,000 workers—more than 10 times
the national average.

Causes

e Exposure to crystalline silica dust deep in mines.
e Poor ventilation and crowded work conditions.
e High HIV prevalence, weakening immunity.

Response

e Mass TB screening and preventive therapy (Isoniazid).
e Integration of HIV and TB services within company hospitals.
e Introduction of dust suppression and modern mining techniques.

Outcome

e TB incidence dropped by 30% in 5 years (Aurum Institute, 2020).
e Health improvements led to better worker retention and reduced downtime.
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12. CONCLUSION

Mining has always been an integral part of national economic development and industrial progress.
However, the human cost of this sector is deeply felt by those exposed to hazardous working
conditions, particularly those who suffer from chronic and irreversible occupational diseases. Through
this project titled "Mining Diseases", a comprehensive study was carried out to understand the nature,
causes, impacts, and prevention strategies related to mining-induced health disorders.

The research identified silicosis, coal workers’ pneumoconiosis (CWP), asbestosis, tuberculosis (TB),
and noise-induced hearing loss (NIHL) as the most prevalent diseases among Indian mine workers.
These diseases often go unnoticed in early stages and become debilitating due to late detection and
poor awareness. A thorough analysis was conducted on diagnostic techniques, workplace controls,
dust suppression methods, PPE usage, and the implementation of occupational health policies across
major mining regions of India.

Field investigations, especially the case study in Chandrapur district (Maharashtra) and supporting
studies from Rajasthan and Jharkhand, highlighted the stark contrast between regulation and real-
world implementation. While some organized sectors showed compliance with safety norms and
medical protocols, informal mining units were found severely lacking in protective infrastructure,
disease awareness, and compensation mechanisms.

The economic analysis revealed that mining diseases not only burden individual families through
medical expenses and income loss but also strain the national economy through reduced productivity,
increased healthcare costs, and social welfare expenditures.

Despite advancements in health policy and technological innovation, research gaps remain in early
diagnosis, disease surveillance, PPE design, and gender-inclusive health studies. There is also a need
for enhanced training, behavioral change campaigns, and interdisciplinary collaboration to bridge
knowledge gaps and drive sustainable improvement.

In conclusion, this study reaffirms that mining diseases are largely preventable, but prevention
requires multi-level commitment—from policymakers, mining companies, researchers, and
communities. By integrating engineering controls, health awareness, timely diagnostics, and social
protection systems, the mining sector can move towards a safer, more ethical, and sustainable future.
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