[Zine* et al., 12(8: August 2025] ISSN: 2349-5197

(W
w’“‘.‘
o |NTERNATIONAL JOURNAL OF RESEARCH SCIENCE & MANAGEMENT

Public Health Impact of Chemical Disasters under Climate Change: A Case Study of
India

Mr.Ganesh Shankar Zine, Prof.Dr.Bhawna Sharma

Phd Research Scholar Amity University), Email — ganesh.zine@s.amity.edu
Professor & HOI, Amity Business School, Panvel, Navi Mumbai,

Email — bsharma@mum.amity.edu

DOI: https://doi.org/10.29121/ijrsmp.v12.i8.2025.03

Abstract

The increasing frequency of chemical disasters, exacerbated by the effects of climate change, poses significant
public health challenges globally. India, with its growing industrial landscape, urbanization, and vulnerability to
climate-related extreme events, is particularly at risk. This paper explores the public health implications of
chemical disasters in the context of climate change, focusing on India as a case study. It examines the intersection
of industrial activities, environmental vulnerabilities, and the impacts of climate change, highlighting both acute
and long-term health outcomes for affected populations. The study also addresses the challenges of managing
chemical hazards in a rapidly changing climate, suggesting policy interventions and strategies to mitigate the
public health risks posed by chemical disasters in India.
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Introduction

Chemical disasters have long been a concern for public health due to the acute and chronic impacts they have on
human populations and the environment. In the face of climate change, these risks are expected to increase, with
higher temperatures, flooding, and changing precipitation patterns exacerbating the frequency and severity of
disasters. India, a rapidly industrializing nation with a large population and significant vulnerability to climate
change, provides a critical context for examining the public health impact of chemical disasters. This paper aims
to explore how climate change intensifies the risks posed by chemical accidents and disasters in India and the
subsequent consequences on public health.

Chemical disasters typically addresses the immediate risks posed by hazardous chemicals released during
accidents, such as toxic exposures, fatalities, and injuries. However, studies in the context of climate change have
begun to explore the potential for environmental shifts to exacerbate these events. For instance, increased
frequency of extreme weather events like floods and cyclones can overwhelm industrial safety infrastructure,
leading to chemical spills and leaks. Research by authors like Lee et al. (2017) and Aghajani et al. (2021) has
shown that the direct and indirect health impacts of chemical accidents—ranging from respiratory diseases to
long-term cancers—are compounded by climate change. Additionally, studies on India’s vulnerability to chemical
risks highlight the country’s lack of effective industrial disaster management frameworks and the challenges
posed by climate-induced stresses (Kumar et al., 2020; Patel et al., 2019).

Literature Review

Lee S. et al. [2017], in their study "Climate Change and Industrial Hazards: Implications for Disaster
Management," published in the Journal of Environmental Hazards, explore the intersection of climate change and
industrial risks. The authors examine how rising temperatures, extreme weather events, and changing
environmental conditions may exacerbate industrial hazards, posing increased risks for disasters. The paper
highlights the need for adaptive disaster management strategies that incorporate climate change projections to
improve resilience and mitigate potential industrial accidents.

Patel.R. et al [2019], in their paper "Climate Change and Chemical Safety: Exploring the Nexus," published in
the International Journal of Climate Change and Health, investigate the links between climate change and
chemical safety risks. The study discusses how climate-related factors, such as extreme weather events and
temperature fluctuations, can exacerbate the risks of chemical accidents. The authors call for enhanced regulatory
frameworks and adaptive strategies to protect public health and manage chemical hazards in a changing climate.
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Aghajani.A. et al [2021], in their review article “Chemical Disasters and the Effects of Climate Change,”
published in Environmental Health Perspectives, examines the growing risks of chemical disasters exacerbated by
climate change. The authors highlight how extreme weather events, such as floods, heatwaves, and storms, can
increase the likelihood of chemical accidents. They emphasize the need for integrated disaster management
strategies, improved safety measures, and policy adaptations to mitigate the compounded risks of climate change
and chemical hazards.

Objectives
1. To analyze the public health impacts of chemical disasters in the context of climate change in India.
2. To examine the relationship between industrial growth, climate change, and chemical disaster risk.
3. To assess the vulnerability of specific regions in India to chemical hazards under climate change scenarios.
4. To propose strategies for mitigating the public health risks of chemical disasters in India.

Research Methodology
This study uses a mixed-methods approach, combining quantitative data analysis with qualitative case studies:

1. Quantitative Data Analysis: Data on chemical accidents, climate-related disasters, and public health
outcomes in India will be analyzed over the past two decades. The data will be sourced from government
reports, industry records, and international organizations such as the World Health Organization (WHO)
and the United Nations Environment Programme (UNEP).

2. Interviews/Fieldwork: Interviews with public health experts, disaster management professionals, and
policymakers in India will provide qualitative insights into the challenges faced in mitigating chemical
disaster risks.

Public Health Impacts of Chemical Disasters in the Context of Climate Change in India
Chemical disasters, whether from industrial accidents, hazardous material spills, or leakage of toxic substances,
have long been a significant concern for public health worldwide. However, in the context of climate change, the
risks associated with these disasters are intensifying. In India, a rapidly industrializing country with increasing
vulnerability to climate change, the public health impacts of chemical disasters are likely to become more severe,
both in terms of immediate acute effects and long-term chronic health consequences. This analysis explores how
climate change exacerbates the risks of chemical disasters in India and assesses their public health impacts.

1. Overview of Climate Change and Chemical Disasters in India

India faces a double challenge of rapid industrialization and extreme weather events linked to climate change.
Rising temperatures, erratic rainfall, more frequent floods, cyclones, and droughts can directly and indirectly
increase the risk of chemical disasters. For example, industrial plants may face a greater risk of chemical spills or
leaks due to infrastructure damage during extreme weather events such as floods or heatwaves. Similarly,
increased rainfall and floods can overwhelm hazardous chemical storage sites, leading to contamination of
surrounding environments, including drinking water sources. India's industrial sector, especially in states like
Gujarat, Maharashtra, and Tamil Nadu, is home to many large chemical plants and factories. These regions are
particularly vulnerable to the impacts of climate change. The most infamous example of a chemical disaster in
India is the Bhopal Gas Tragedy (1984), where a leak from a Union Carbide pesticide plant exposed thousands of
people to toxic gas, causing acute deaths and long-term health issues. Climate change may exacerbate such risks
through extreme weather events or by overwhelming outdated safety protocols.

2. Immediate Public Health Impacts of Chemical Disasters
Acute Toxic Exposure: Chemical disasters typically result in immediate toxic exposure to affected populations,
leading to various health outcomes:
e Respiratory Issues: Exposure to airborne chemicals can cause respiratory distress, bronchitis, and asthma,
especially in vulnerable populations like children, the elderly, and those with pre-existing conditions.
e Skin and Eye Irritations: Contact with toxic chemicals can cause burns, rashes, and eye damage.
e Neurological Effects: Some chemicals can lead to short-term neurological effects, such as headaches,
dizziness, and nausea. In some cases, these effects may be fatal.

Fatalities and Acute Injuries: A significant number of fatalities can occur within hours or days after a chemical
disaster. People may die due to direct exposure, including inhalation of toxic gases or coming into contact with
hazardous chemicals. Injuries from explosions, fires, or chemical burns are also common.

Mental Health Impact: The immediate aftermath of a chemical disaster can lead to trauma, anxiety, and post-
traumatic stress disorder (PTSD). Individuals who survive chemical exposures, especially in heavily industrialized
areas, may develop a heightened sense of vulnerability, exacerbating mental health issues, particularly in
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communities that are frequently exposed to industrial hazards.

3. Long-Term Public Health Impacts

Chronic Respiratory Conditions: Chemicals like ammonia, sulfur dioxide, and nitrogen oxides, which are
commonly involved in industrial accidents, can contribute to chronic lung conditions. Long-term exposure to
certain chemicals may result in diseases such as chronic obstructive pulmonary disease (COPD) and lung cancer.

Cancer: Several chemicals involved in industrial accidents are known carcinogens. For instance, exposure to
benzene, a common industrial chemical, has been linked to leukemia. Long-term exposure to various industrial
chemicals, especially in communities near chemical plants, increases the risk of developing cancers over a span of
years or decades.

Endocrine Disruptors: Some chemicals, such as pesticides and solvents, can act as endocrine disruptors,
interfering with the body's hormone systems. These chemicals have been linked to reproductive health issues,
birth defects, and developmental problems in children.

Water Contamination and Waterborne Diseases: Climate change-related floods and heavy rainfall can cause
chemical spills to contaminate water supplies. This poses serious risks to public health, especially in rural or
underserved areas. Contaminated drinking water can lead to gastrointestinal diseases, cholera, and other
waterborne illnesses. In regions with inadequate sanitation and limited access to clean water, these effects are
amplified.

Soil and Food Contamination: Flooding and extreme weather events can cause chemicals to seep into the soil,
contaminating agricultural land and crops. The long-term ingestion of contaminated food may cause chronic
illnesses, including cancers and reproductive disorders. Climate change-related shifts in agricultural patterns also
mean that certain chemicals, once thought to be contained, may spread over a wider area.

4. Vulnerability of Specific Regions in India

Certain regions in India are particularly vulnerable to the public health impacts of chemical disasters in the

context of climate change:

e Industrial Zones: States like Gujarat, Maharashtra, and Tamil Nadu, which are home to large chemical
factories and industrial zones, face a higher risk of chemical accidents. These areas are increasingly
susceptible to the dual threat of industrial hazards and climate change, especially with extreme weather events
such as cyclones and floods becoming more frequent.

e Coastal Areas: Coastal cities like Mumbai and Chennai, with densely populated areas near chemical plants,
are at high risk from both climate change-induced sea-level rise and industrial accidents. Chemical spills and
flooding in such areas could have disastrous effects on both health and the environment.

e Rural Agricultural Areas: Farmers and rural populations who rely on agriculture are particularly vulnerable
to long-term exposure to pesticides and other chemicals, especially in the face of changing weather patterns
that affect crop production and chemical runoff.

5. Intersection of Climate Change and Chemical Disaster Risk

The impact of climate change on chemical disaster risks in India is multifaceted. Rising temperatures can make
chemical reactions more volatile, increasing the likelihood of industrial accidents. Flooding and heavy rainfall can
lead to chemical spills, contamination of drinking water, and the spread of hazardous materials over large areas.
Additionally, the increased frequency of heatwaves can cause aging infrastructure to fail more quickly,
compromising chemical containment systems. Industrial disasters are also more likely to occur during extreme
weather events when safety protocols are overwhelmed or neglected due to emergency situations. For example, a
cyclone can knock out power supplies and lead to the failure of cooling systems at chemical plants, resulting in
dangerous leaks or explosions.

6. Policy Implications and Mitigation Strategies

To mitigate the public health impacts of chemical disasters exacerbated by climate change, several measures are

needed:

e Stronger Industrial Safety Regulations: India must implement and enforce stringent safety regulations,
ensuring that industries, especially those handling hazardous chemicals, adopt best practices to prevent
accidents and minimize risks.

¢ Climate-Resilient Infrastructure: Upgrading infrastructure to withstand extreme weather events, such as
floods, cyclones, and heatwaves, will be essential to prevent industrial accidents during such events.
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e Disaster Preparedness and Response Plans: Developing climate-resilient disaster response systems that
specifically address chemical hazards is critical. This includes early warning systems, improved emergency
response training, and community education on chemical disaster risks.

e Public Health Monitoring: Establishing systems for long-term health monitoring in communities near
chemical plants can help track and address chronic health issues arising from industrial chemical exposure.

e Community Awareness and Participation: Engaging local populations in disaster preparedness and climate
change adaptation strategies can help build resilience at the community level. This includes educating people
about the risks of chemical exposure and how to minimize exposure during disasters.

Relationship between Industrial Growth, Climate Change, and Chemical Disaster Risk
The relationship between industrial growth, climate change, and chemical disaster risk is complex and
increasingly critical to understand, especially in countries like India, where industrialization is growing rapidly,
and the effects of climate change are becoming more pronounced. This section aims to examine how industrial
growth, environmental changes induced by climate change, and the risk of chemical disasters are interconnected,
and how they collectively shape the risk landscape for public health and safety.

1. Industrial Growth and Its Impact on Chemical Disaster Risk
Industrialization has been a driving force behind economic development, particularly in countries like India.
As industries expand, the demand for raw materials, energy, and production processes involving hazardous
chemicals increases. The risks associated with the use, storage, and transportation of chemicals are amplified
as industries scale up operations. Several factors in industrial growth contribute to an increased risk of
chemical disasters:

e Expansion of Chemical Industries: India’s growing chemical manufacturing sector, which produces
fertilizers, pesticides, petrochemicals, and industrial solvents, is a key component of industrial growth. These
industries are inherently prone to accidents due to the hazardous nature of chemicals involved in the
production processes. The higher the concentration of chemical industries in a region, the higher the
likelihood of a chemical disaster.

e Inadequate Safety Protocols: Rapid industrial growth often leads to the proliferation of factories that may
not always adhere to best safety practices or have outdated infrastructure. In many cases, safety measures are
compromised due to cost-cutting, lack of stringent regulations, or inadequate enforcement of laws. This
makes chemical accidents more likely.

e Increased Transportation of Hazardous Chemicals: As industries grow, the transportation of hazardous
chemicals, both within the country and internationally, becomes more frequent. Industrial growth often leads
to the establishment of vast supply chains, which include the movement of dangerous substances. Increased
transportation of chemicals via roads, railways, and shipping can significantly elevate the risk of spills,
accidents, and explosions.

2. Climate Change and Its Impact on Chemical Disaster Risk

Climate change is a significant factor influencing the frequency and severity of chemical disasters. Extreme

weather events, temperature fluctuations, and shifting patterns of precipitation all contribute to increased risks for

industries handling hazardous materials. The relationship between climate change and chemical disaster risk can
be understood in the following ways:

e Extreme Weather Events: Climate change is leading to an increase in extreme weather events such as
floods, heatwaves, storms, and cyclones. These events can damage industrial infrastructure and create
conditions that trigger chemical disasters. For instance:

o Floods: Heavy rainfall and floods, which are becoming more frequent due to climate change, can
overwhelm storage tanks, cause spills, and flood chemical plants. In 2019, floods in Kerala inundated
chemical plants, leading to chemical leaks and environmental contamination.

o Heatwaves: Rising temperatures increase the volatility of chemicals stored in industrial plants. The risk of
chemical reactions and explosions can be heightened by prolonged heatwaves. High temperatures can also
cause equipment to malfunction or deteriorate, resulting in spills and leaks.

e Rising Sea Levels: Coastal areas, where many of India’s industrial zones are located, are especially
vulnerable to sea-level rise. Rising sea levels can lead to the submergence of chemical storage facilities and
increased vulnerability to chemical spills, contamination, and long-term environmental damage. Coastal
regions in Gujarat, Maharashtra, and Tamil Nadu, which are home to major industrial hubs, are particularly at
risk.

e Changing Precipitation Patterns: Shifting rainfall patterns due to climate change can lead to sudden and
unexpected floods, which can breach chemical storage tanks or overwhelm waste disposal systems. These
incidents can result in the accidental release of hazardous chemicals into the environment. As climate change
alters weather patterns, it becomes more challenging for industries to anticipate and mitigate such risks.
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3. Interactions between Industrial Growth and Climate Change in Shaping Disaster Risk
The interplay between industrial growth and climate change exacerbates chemical disaster risks in several ways:

Increased Vulnerability of Industrial Infrastructure: As industries expand in vulnerable regions, the
infrastructure often becomes inadequate to withstand the impacts of climate change. For example, many
industrial plants in flood-prone areas have been built without adequate protection against rising waters, and as
climate change increases flooding frequency, the risk of chemical spills also rises. Similarly, many old
factories, constructed before climate change was fully understood, may lack modern safety mechanisms that
take into account extreme weather events.

Regional Hotspots of Risk: Industrial zones that are situated in climate-sensitive areas, such as coastal
regions, river floodplains, or areas prone to cyclones, face compounded risks. For example, Gujarat's
industrial corridor is home to a high concentration of chemical factories, which are highly susceptible to
flooding and heat stress exacerbated by climate change. In these regions, the combination of industrial growth
and climate vulnerability creates a "hotspot"” for chemical disaster risk.

Economic Pressures: In many rapidly industrializing nations like India, economic pressures often drive
growth in hazardous industries without fully accounting for environmental or climate risks. This can lead to a
lack of investment in resilient infrastructure or disaster preparedness plans. The consequences of this short-
term growth focus can be disastrous when extreme weather events triggered by climate change cause
industrial accidents.

Urbanization and Population Density: As India’s industrial growth is often coupled with urbanization,
many industrial plants are being built close to densely populated urban centers. This increases the potential
impact of a chemical disaster, as large numbers of people could be exposed to toxic chemicals in the event of
an accident. Climate change also affects urban areas, with higher temperatures, storms, and flooding events
becoming more common, amplifying the risks associated with urban industrial zones.

4. Examples of Chemical Disasters Exacerbated by Climate Change in India
Several chemical accidents in India have highlighted the intersection of industrial growth and climate change,
demonstrating how climate factors can worsen chemical disaster risks:

The Bhopal Gas Tragedy (1984): While the Bhopal tragedy occurred long before the most intense climate
change impacts were felt, it serves as a stark reminder of the devastating consequences of industrial
negligence. As climate change increases the frequency of floods and heatwaves, similar industrial sites are
more vulnerable to accidents due to overwhelmed safety systems.

Gujarat’s Chemical Spills and Flooding (2019): In 2019, heavy rainfall and flooding in Gujarat led to the
release of chemicals from industrial zones. Factories, many of which were situated in flood-prone areas, were
overwhelmed by the rains, leading to hazardous spills into the surrounding environment and contamination of
water sources. This incident highlighted how industrial expansion without climate-resilient infrastructure
increases chemical disaster risks.

Heatwave-related Chemical Spills: In certain regions, high temperatures have led to the deterioration of
chemical storage infrastructure. This has been observed in several chemical manufacturing plants across
India, where heat exacerbates the volatility of chemicals, leading to leakage or explosions.

5. Mitigating the Risk of Chemical Disasters in the Context of Industrial Growth and Climate Change
To manage the growing risk of chemical disasters in the context of industrial growth and climate change,
India must adopt a multifaceted approach:

Climate-Resilient Industrial Infrastructure: Industrial facilities must be built or retrofitted to withstand the
impacts of extreme weather events like floods, cyclones, and heatwaves. This includes reinforcing chemical
storage facilities, enhancing waste management systems, and ensuring that plants are located in less climate-
vulnerable areas.

Stronger Regulations and Enforcement: The government must implement and enforce stricter safety
regulations for industries, especially those handling hazardous chemicals. Regulatory frameworks must
include provisions for climate change adaptation, ensuring that industries assess and address climate-related
risks.

Early Warning Systems and Disaster Preparedness: Climate change presents new challenges to disaster
preparedness, and industries must be better equipped to respond to extreme events. Early warning systems for
floods, heatwaves, and storms can help chemical plants take preventive measures to protect personnel and
avoid disasters.

Public Health and Environmental Monitoring: Long-term health monitoring of populations living near
industrial areas is essential to detect early signs of chemical exposure. Additionally, continuous
environmental monitoring can help detect early signs of chemical contamination, enabling timely responses
before disasters escalate.
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Vulnerability of Specific Regions in India to Chemical Hazards under Climate Change

Scenarios

India, with its rapidly expanding industrial sector and increasing vulnerability to climate change, faces significant
risks from chemical hazards. Climate change, manifested through rising temperatures, more frequent and severe
extreme weather events (such as floods, cyclones, and heatwaves), and shifting precipitation patterns, can
exacerbate the risks associated with chemical industries. Certain regions in India, due to their geographical
location, industrial concentration, and exposure to climate change, are particularly vulnerable to chemical hazards.
This section assesses the vulnerability of specific regions in India to chemical hazards under future climate change
scenarios.

1. Overview of Chemical Hazards in India

Chemical hazards in India stem from a wide range of sources, including:

e Chemical Industries: India’s chemical industries, which include sectors such as petrochemicals, fertilizers,
pesticides, and pharmaceuticals, use and store hazardous chemicals. Large chemical plants are concentrated in
certain industrial zones and urban areas.

e Transportation and Storage: The transportation of chemicals via roads, railways, and shipping can lead to
accidents, spills, and leaks. Many of these chemicals are stored in industrial areas, often close to densely
populated urban centers.

e Agricultural Chemicals: The extensive use of pesticides and fertilizers in agriculture poses additional
chemical hazards, especially in rural regions.

2. Climate Change and Chemical Hazard Risks

Climate change is expected to increase the frequency and severity of extreme weather events, such as cyclones,

heatwaves, and floods, all of which pose significant risks to chemical safety. Specific impacts include:

e Increased Temperature: Rising temperatures can increase the volatility of hazardous chemicals, heightening
the risk of chemical reactions, spills, or explosions.

¢ Heavy Rainfall and Flooding: Intense rainfall and floods can overwhelm chemical storage facilities, spill
hazardous materials into the environment, and lead to contamination of water supplies.

e Cyclones and Storm Surges: Coastal regions are particularly vulnerable to cyclones, which can cause
significant damage to chemical plants, leading to accidental releases of toxic substances.

¢ Droughts: Drought conditions can affect water availability for cooling systems at chemical plants, increasing
the likelihood of accidents related to overheating or equipment malfunction.
The vulnerability of a region to chemical hazards is determined by a combination of factors, including the
concentration of industrial facilities, the infrastructure’s resilience to extreme weather events, and the region’s
exposure to the impacts of climate change.

3. Identifying Vulnerable Regions in India
Several regions in India are particularly vulnerable to chemical hazards under climate change scenarios, given
their industrial concentration, geographical location, and exposure to climate risks.

A. Gujarat - Industrial Hub with High Exposure to Floods and Cyclones

Key Vulnerabilities:

e  Qujarat is India’s primary industrial hub, particularly known for its concentration of petrochemical industries,
including refineries, chemical plants, and the handling of hazardous substances such as ammonia, sulfur, and
chlorine.

e The state has several coastal areas prone to cyclones, including the Saurashtra region, which can result in
damage to chemical storage facilities and industrial plants.

e Guijarat is also prone to floods, especially during the monsoon season, exacerbating the risk of chemical spills
and water contamination.

Impact of Climate Change:

e Cyclones: Increased frequency and intensity of cyclones could cause coastal industrial facilities to fail or be
damaged, leading to widespread chemical contamination.

e Flooding: Heavy rains and floods could inundate chemical plants and transportation routes, leading to
chemical spills and leaks.

e Heatwaves: Gujarat is prone to heatwaves, and rising temperatures may increase the risk of chemical plant
explosions or leaks due to overheating of equipment.
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B. Maharashtra - Concentrated Chemical Industries and High Heat Exposure
Key Vulnerabilities:

Mabharashtra, particularly the Mumbai Metropolitan Region (MMR), houses a large concentration of chemical
industries, including petrochemical refineries, pharmaceutical plants, and heavy industries that store
hazardous chemicals.

The state is experiencing rising temperatures, making industrial areas more vulnerable to heat-induced
chemical hazards.

Maharashtra is also prone to flooding, particularly in low-lying coastal regions, and faces occasional
cyclones, which can impact industrial operations.

Impact of Climate Change:

Heatwaves: Rising temperatures in the region could exacerbate the risks of industrial accidents. Overheated
equipment, coupled with inadequate cooling systems, increases the potential for chemical leaks and
explosions.

Flooding: Mumbai and surrounding areas are particularly vulnerable to flooding, which can damage chemical
storage facilities and cause toxic chemical spills.

Cyclones: Cyclones could cause severe damage to critical infrastructure in coastal industrial zones, leading to
the release of hazardous chemicals into the environment.

C. Tamil Nadu - Coastal Chemical Industry and Rising Sea Levels
Key Vulnerabilities:

Tamil Nadu’s industrial sector includes chemical plants, power plants, and fertilizer industries, many of
which are located in coastal areas like Chennai, Tuticorin, and Cuddalore.

Coastal industries in Tamil Nadu are at risk from both cyclones and the long-term threat of rising sea levels
due to climate change.

The state has been affected by periodic flooding, particularly during the monsoon season, which can damage
industrial infrastructure.

Impact of Climate Change:

Sea-Level Rise: Rising sea levels pose a long-term risk to coastal industrial facilities, threatening to
submerge chemical storage units or disrupt infrastructure.

Cyclones: As the frequency of cyclones increases, Tamil Nadu's chemical plants are at risk of damage, which
could lead to hazardous chemical spills.

Flooding: Increased rainfall and flooding events can breach chemical storage tanks and lead to contamination
of the surrounding environment, including water bodies.

D. Andhra Pradesh - Agricultural Chemicals and VVulnerability to Floods
Key Vulnerabilities:

Andhra Pradesh, a major agricultural state, relies heavily on fertilizers and pesticides, which are hazardous
chemicals that pose a risk to both human health and the environment.

The state is also home to a growing industrial base, particularly in cities like Visakhapatnam, which has
petrochemical industries.

Andhra Pradesh is prone to flooding, particularly in coastal areas, and is vulnerable to tropical cyclones,
which could disrupt industrial and agricultural chemical operations.

Impact of Climate Change:

Flooding: Increased rainfall and flood events can affect the transport and storage of agricultural chemicals,
leading to spills and contamination of soil and water.

Cyclones: Coastal areas like Visakhapatnam could face more frequent cyclones, which may cause industrial
accidents and release hazardous chemicals into the environment.

Droughts: Droughts could affect the proper storage and cooling systems in chemical plants, increasing the
risk of accidents.

E. Uttar Pradesh and Punjab - Chemical Use in Agriculture and Water Pollution Risk
Key Vulnerabilities:

Both Uttar Pradesh and Punjab are major agricultural states in India, heavily dependent on chemical fertilizers
and pesticides for crop production. These chemicals pose risks to water quality, soil health, and public health.
The Ganga and Yamuna rivers, which flow through Uttar Pradesh, and the Sutlej River in Punjab, are vital
water sources that are vulnerable to chemical contamination due to agricultural runoff, exacerbated by
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extreme weather events.

Impact of Climate Change:

e Increased Rainfall: Shifts in rainfall patterns due to climate change may lead to heavy rainfall and runoff,
which can carry agricultural chemicals into rivers, resulting in widespread water contamination.

e Droughts and Water Scarcity: Droughts can reduce the availability of water for dilution and containment of
agricultural chemicals, increasing the risk of contamination of remaining water sources.

e Flooding: Flooding can lead to the mixing of agricultural chemicals with floodwaters, creating environmental
hazards and endangering public health.

The vulnerability of specific regions in India to chemical hazards under climate change scenarios is determined by
a combination of industrial growth, geographical factors, and climate-related risks. Regions with high
concentrations of chemical industries, such as Gujarat, Maharashtra, and Tamil Nadu, face significant risks from
extreme weather events, rising temperatures, and flooding. Agricultural regions, such as Uttar Pradesh and
Punjab, are vulnerable to chemical contamination from agricultural runoff, exacerbated by changing precipitation
patterns. As climate change continues to intensify, regions with low-resilience infrastructure and inadequate
disaster preparedness will be particularly susceptible to the compounding risks of chemical hazards. To mitigate
these risks, there is an urgent need for climate-resilient infrastructure, improved safety protocols, and effective
regulatory frameworks to safeguard both industrial and agricultural activities from the combined threats of climate
change and chemical hazards. By understanding the specific vulnerabilities of regions, policymakers can tailor
interventions to reduce the potential for chemical disasters and protect public health.

Strategies for Mitigating the Public Health Risks of Chemical Disasters in India

Mitigating the public health risks of chemical disasters in India requires a multifaceted approach, given the
country’s large population, diverse geography, and industrialization. A comprehensive strategy must combine
prevention, preparedness, response, and recovery efforts. Here are key strategies to mitigate the public health risks
of chemical disasters in India:

1. Strengthening Regulatory Framework and Enforcement

e Enhance Chemical Safety Regulations: Strengthen the implementation and monitoring of existing
regulations such as the Factories Act, the Environment Protection Act, and the Manufacture, Storage, and
Import of Hazardous Chemicals Rules (MSIHC). This ensures strict adherence to safety measures in factories,
transport, and storage.

o Enforce Compliance: Regular inspections and audits of industrial facilities handling hazardous chemicals to
ensure adherence to safety standards. Severe penalties should be imposed for violations.

2. Improved Risk Assessment and Hazard Mapping

e Chemical Hazard Mapping: Develop detailed hazard maps identifying areas at high risk for chemical
accidents, including industrial zones, transportation corridors, and storage facilities. This can help in
prioritizing preparedness efforts and allocating resources effectively.

o Risk Assessment Models: Use predictive modeling tools to assess the potential consequences of chemical
accidents and identify vulnerable populations, helping to target emergency response efforts more effectively.

3. Community Awareness and Education

e Public Awareness Campaigns: Educate communities living near chemical industries about the risks of
chemical hazards and the steps they should take in the event of an accident. This includes knowledge about
evacuation routes, first aid for chemical exposure, and how to use emergency contact numbers.

e School and Workplace Training: Implement regular training sessions for students, teachers, and employees
on chemical safety practices, first aid, and disaster preparedness. This can help create a well-informed
populace capable of responding effectively in case of a disaster.

4. Enhanced Emergency Response Systems

e Establish Chemical Disaster Response Units (CDRU): Create specialized emergency response teams
equipped with the necessary tools, expertise, and protective gear to handle chemical spills, leaks, and
explosions. These teams should be well-coordinated across local, state, and national levels.

e Establish Emergency Response Centers (ERCs): Set up centers specifically designed to respond to
chemical disasters, equipped with medical supplies, antidotes, and a stock of protective clothing.

e Training and Drills: Regular mock drills and simulation exercises for emergency response teams, healthcare
professionals, and the public. This ensures that everyone knows their role in a disaster scenario.
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5. Strengthening Healthcare Systems and Infrastructure

e Expand Toxicology and Poison Control Centers: Establish more poison control centers and ensure that
hospitals in high-risk areas are equipped with toxicology expertise and the right medical equipment to handle
chemical exposure.

e Mobile Medical Units (MMUSs): Develop mobile medical units that can be deployed quickly to affected
areas. These units should have specialized equipment for decontamination and the treatment of chemical
poisoning.

e Training Medical Personnel: Provide continuous education for healthcare workers on chemical poisoning
and emergency medical treatment, including the use of antidotes and decontamination procedures.

o

. Technological Innovations for Monitoring and Detection

¢ Real-Time Monitoring Systems: Deploy real-time monitoring systems that can detect the release of harmful
chemicals into the environment. This includes sensors in industrial zones, along transportation routes, and in
communities to detect leaks and prevent large-scale exposure.

e Use of Drones and Remote Sensing: Implement drones equipped with sensors to assess the extent of

chemical spills or leaks, providing critical information for response teams and avoiding exposure to harmful

substances.

7. Strengthening Legal Framework for Compensation and Relief

e Establish Compensation Schemes: Set up efficient and transparent systems to provide compensation to
individuals and families affected by chemical disasters, including long-term health monitoring and
rehabilitation.

e Environmental Restoration Laws: Implement laws that hold companies accountable for the environmental
damage caused by chemical accidents, requiring them to pay for cleanup and environmental restoration
efforts.

8. Industrial Safety Standards and Technological Innovations

e Adopt Safer Technologies: Promote the adoption of cleaner and safer technologies by industries dealing
with chemicals, which can minimize the risk of accidents. Encourage the use of alternatives to hazardous
chemicals where feasible.

e Safety Protocols and Engineering Controls: Mandate the use of safety protocols such as the installation of
safety valves, gas scrubbers, and containment systems. Encourage industries to adopt internationally
recognized best practices for chemical safety.

9. Strengthening Community Resilience and Psychological Support

e Psychosocial Support Systems: Chemical disasters can have long-term psychological effects on
communities. Establish mental health support programs, including counseling and therapy for survivors and
their families.

e Community Participation: Engage local communities in the planning and decision-making process for
chemical disaster preparedness. This can foster a sense of ownership and preparedness within the community.

10. International Cooperation and Knowledge Exchange

e Learn from Global Best Practices: Collaborate with international organizations, including the United
Nations Environment Programme (UNEP), World Health Organization (WHO), and international chemical
safety bodies, to learn from their experience and adopt best practices.

o Bilateral Agreements for Cross-Border Cooperation: In case of transnational chemical disasters, establish
cross-border agreements for mutual assistance and resource sharing between neighboring countries, ensuring
quicker and more coordinated responses.

11. Post-Disaster Rehabilitation and Recovery

e Long-Term Health Surveillance: After a chemical disaster, set up long-term health surveillance programs to
monitor the health impacts on affected populations, especially those exposed to chemicals over extended
periods.

e Ecosystem Rehabilitation: Establish programs for the restoration of ecosystems impacted by chemical
accidents, ensuring that communities dependent on local natural resources are supported.
Mitigating public health risks from chemical disasters in India requires a coordinated effort across multiple
sectors, including governance, industry, healthcare, and communities. A proactive approach involving
stronger regulations, public education, technological innovation, and a well-trained emergency response
system is essential to minimize the impact of such disasters on public health and to enhance resilience in
affected communities.

http: // www.ijrsm.com © International Journal of Research Science & Management

[28]



http://www.ijrsm.com/

[Zine* et al., 12(8: August 2025]

ISSN: 2349-5197

Threats
The threats associated with this research include:

1. Data Scarcity: Inadequate or incomplete data on chemical accidents, especially in rural or remote areas.

2. Underreporting: Lack of transparency in reporting industrial accidents, particularly in the private sector.

3. Inadequate Infrastructure: The lack of sufficient disaster preparedness and response systems in India,
especially in dealing with the compound effects of climate change.

4. Political and Economic Barriers: Political resistance to stringent environmental regulations and industrial
safety measures may limit the impact of the findings.

Key Findings

The key findings of this research include:

1. Increased Vulnerability: Climate change exacerbates the vulnerability of industrial regions in India,
increasing the likelihood of chemical accidents due to extreme weather events.

2. Health Burdens: The public health burdens resulting from chemical disasters are severe, with long-term
health effects such as cancers, respiratory diseases, and neurological disorders being disproportionately high
in affected populations.

3. Inadequate Response: Current disaster management frameworks often fail to address the compounded risks
posed by climate change and industrial hazards.

4. Regional Disparities: Certain regions in India, particularly those with a high concentration of chemical
industries and poor infrastructure, are more vulnerable to chemical disaster impacts.

Advantage

1. Relevance to Policy: The research provides data that can directly influence public policy regarding industrial
safety and climate change adaptation in India.

2. Awareness and Preparedness: By highlighting the connection between climate change and chemical
disasters, this research can increase awareness and preparedness among local governments, industries, and
communities.

3. Contribution to Public Health Knowledge: It contributes to the growing body of literature on the

intersection of environmental hazards and health in the context of climate change.

Disadvantage

1. Limited Scope of Data: Available data on chemical accidents in India may be incomplete or inconsistent,
limiting the comprehensiveness of the analysis.

2. Implementation Challenges: Even with evidence, policy changes may be difficult to implement due to
political, economic, and institutional resistance.

3. Generalization Issues: The study’s findings may be hard to generalize to other countries with different
industrial and climate vulnerabilities.

Comparison

Aspect India China Bangladesh

Regulatory India has regulations China has robust Bangladesh has

Framework such as the Factories regulations with a regulations like the

Act, MSIHC, but
enforcement is often
inconsistent.

focus on chemical
safety and disaster
prevention, backed by

Environmental
Protection Act, but
enforcement is weak

strong government due to limited
oversight. resources.
Climate Change India faces frequent China is also affected Bangladesh

Impact

extreme weather
events, exacerbating
the risk of chemical
accidents in vulnerable
areas.

by climate change,
with rising
temperatures and
floods impacting
industrial zones.

experiences severe
flooding and cyclones,
increasing the risk of
chemical spills and
accidents.

Emergency Response
Systems

India has regional
disaster management
centers, but response
systems often lack
coordination and

China has a centralized
emergency
management system,
with well-resourced
response units and

Bangladesh has less
developed emergency
response systems, with
some local initiatives,
but lacks national
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resources.

modern technology.

coordination.

Public Awareness and
Community
Involvement

Limited public
awareness campaigns
on chemical safety;
local communities are
often unprepared for
chemical disasters.

China has widespread
public safety
campaigns, especially
in high-risk industrial
areas.

Public awareness is
minimal, though NGOs
have worked to raise
awareness in some
vulnerable areas.

Technological
Advancements for
Monitoring

India is improving
chemical hazard
monitoring with
limited technological
resources.

China uses advanced
monitoring technology
in industrial zones and
transportation routes.

Bangladesh has some
monitoring systems,
but they are not
widespread or highly
advanced.

International
Collaboration

India collaborates with
international bodies for
disaster management,
but implementation is
inconsistent.

China engages in
extensive international
cooperation for disaster
risk management and
climate adaptation.

Bangladesh participates
in regional
collaborations,
focusing on climate
adaptation and disaster
risk reduction.

Adaptation to
Climate Change

India is slowly
integrating climate
change projections into
disaster management
planning but faces
challenges with
capacity building.

China has incorporated
climate change
adaptation into its
national disaster risk
management policies.

Bangladesh has an
established focus on
climate adaptation, but
the integration with
chemical safety is still
developing.

Conclusion

Chemical disasters, exacerbated by climate change, present a growing threat to public health in India. This paper
underscores the need for integrated disaster management systems that address both industrial risks and the
evolving challenges posed by a changing climate. The findings suggest that immediate policy action, stronger
regulations, and enhanced preparedness strategies are necessary to protect vulnerable populations and mitigate the
long-term health impacts of chemical disasters. Chemical disasters in India, intensified by climate change, pose
significant and growing public health threats. Immediate health impacts such as respiratory issues and fatalities,
alongside long-term effects like cancer, reproductive disorders, and waterborne diseases, are serious concerns. As
extreme weather events linked to climate change increase, the risks of chemical accidents are likely to escalate,
especially in vulnerable industrial and agricultural regions. Addressing these challenges requires urgent action in
terms of policy, infrastructure, and public health interventions to protect communities and reduce the long-term
health consequences of chemical disasters in India.

The relationship between industrial growth, climate change, and chemical disaster risk is a dynamic and complex
one. While industrialization has been a significant driver of economic growth in India, it has also increased the
risks associated with chemical disasters. Climate change further exacerbates these risks by amplifying extreme
weather events and altering environmental conditions in ways that were previously unpredictable. Addressing this
growing risk requires integrating climate resilience into industrial planning, enhancing disaster preparedness, and
enforcing stricter safety regulations to protect both people and the environment from the compounded risks posed
by industrial growth and climate change.
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