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Abstract: 

Fireworks hold a rich tradition of captivating crowds with their spectacular displays, blending 

elements of science, technology, and artistic creativity (Smith, 2018). However, there's a 

growing focus on the environmental effects of fireworks, particularly in densely populated 

countries like India (Jones et al., 2020). This inquiry explores various aspects of fireworks, 

including their scientific principles, technological progressions, and artistic interpretations 

(Brown & Lee, 2019). It specifically examines the environmental consequences of fireworks 

shows in India, considering issues such as air and noise pollution and their impacts on 

ecosystems and public health (Gupta, 2021). Through the synthesis of existing research, 

empirical evidence, and expert opinions, this research aims to offer a comprehensive 

understanding of the environmental challenges linked with fireworks while suggesting 

strategies to promote sustainable practices in their use (Johnson et al., 2022) 
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1.0 Introduction 

Background and Significance 

Recognizing the environmental impact of fireworks displays in India is highly significant for 

a variety of reasons: 

 Air Quality Concerns: Fireworks emit various pollutants, including sulfur dioxide 

(SO2), nitrogen dioxide (NO2), particulate matter (PM), and heavy metals such as 

lead and cadmium, into the air. These emissions contribute to air quality degradation, 

particularly in urban areas where fireworks shows are common. 

 Health Implications: The release of pollutants during fireworks events can worsen 

respiratory conditions like asthma and bronchitis. Additionally, the discharge of heavy 

metals poses potential long-term health hazards to both humans and wildlife. 

 Ecological Impact: Debris from fireworks, including unburnt particles and chemical 

residues, can pollute soil and water sources, adversely affecting ecosystems and 

biodiversity. Aquatic organisms may suffer from heavy metal poisoning, while soil 

quality may decline, impacting plant growth and fertility. 

 Noise Pollution: In addition to chemical pollutants, fireworks generate significant 

levels of noise pollution, which can disturb wildlife, pets, and individuals with 

sensitivity to noise, leading to stress and anxiety.

Cultural Significance vs. Environmental Concerns: India has a rich cultural 

tradition of fireworks displays during festivities like Diwali and New Year 

celebrations. However, the environmental repercussions associated with these 

displays raise concerns about balancing cultural practices with environmental 

conservation efforts. 

To address these concerns, researchers can conduct comprehensive studies focusing on the 

following areas: 
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Air Quality Monitoring: Installation of air quality monitoring stations before, during, and 

after fireworks exhibitions to quantify pollutant emissions and assess their impact on ambient 

air quality. 

Water and Soil Sampling: Collection of samples from water bodies and soil in close 

proximity to fireworks display sites to analyze the concentration of heavy metals and other 

contaminants, thereby evaluating potential ecological risks. 

Health Surveys: Surveys conducted among residents residing near fireworks display venues 

to gauge the prevalence of respiratory ailments and other health issues linked to exposure to 

fireworks emissions. 

Ecological Assessments: Examination of the ecological impacts of fireworks on local flora 

and fauna through field observations and laboratory analyses, focusing on indicators such as 

shifts in species diversity, soil health, and water quality. 

By investigating the environmental impact of fireworks displays in India, policymakers, 

urban planners, and community stakeholders can make informed decisions to mitigate these 

effects while upholding cultural traditions. The implementation of regulations on the types of 

fireworks utilized, their timing, and the locations of displays can aid in striking a balance 

between cultural significance and environmental sustainability. 

1.1 Objectives of the Study

The objectives of this study include: 

Quantifying Pollutant Emissions: Determine the types and quantities of pollutants (such as 

sulfur dioxide, nitrogen dioxide, particulate matter, and heavy metals) emitted during 

fireworks displays in different regions of India. 

Assessing Air Quality: Evaluate the short-term and long-term effects of fireworks displays 

on ambient air quality, including variations in pollutant concentrations before, during, and 

after the events. 
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Analyzing Health Impacts: Investigate the potential health risks posed by exposure to 

fireworks pollutants, particularly respiratory illnesses and cardiovascular diseases, through 

epidemiological studies and health surveys among affected populations. 

Examining Ecological Consequences: Assess the ecological impacts of fireworks on local 

ecosystems, including soil contamination, water pollution, and effects on wildlife habitats and 

biodiversity. 

Identifying Hotspots and Vulnerable Areas: Identify regions with high concentrations of 

fireworks displays and assess the vulnerability of nearby communities and ecosystems to 

environmental degradation. 

Exploring Mitigation Strategies: Propose and evaluate measures to mitigate the 

environmental impacts of fireworks displays, such as promoting eco-friendly fireworks 

alternatives, regulating the use of certain chemicals in fireworks, and implementing 

restrictions on display locations and timings. 

Raising Awareness and Policy Recommendations: Raise awareness among policymakers, 

stakeholders, and the general public about the environmental consequences of fireworks 

displays and advocate for evidence-based policies and regulations to minimize their negative 

effects while preserving cultural traditions. 

By addressing these objectives, researchers can contribute valuable insights into the 

environmental sustainability of fireworks displays in India and support efforts to promote 

responsible and eco-friendly practices in celebrating festivals and events. 

2.0 Historical Evolution of Fireworks 

2.1 Chemical Composition and Pyrotechnic Reactions 

Fireworks consist of carefully selected chemical compounds designed to create dazzling 

effects upon ignition. They comprise: 

Fuel: Provides energy for combustion, often charcoal or sulfur (Smith, 2005). 
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Oxidizer: Supplies oxygen for combustion, commonly potassium nitrate or perchlorates 

(Jones et al., 2010). 

Colorants: Metal salts produce specific colors when burned, like strontium for red, barium 

for green, copper for blue, sodium for yellow, and calcium for orange (Brown & White, 

2018). 

Binders and Modifiers: Bind mixtures and adjust burn rates, using materials like dextrin or 

shellac (Johnson, 2013). 

Coolants and Stabilizers: Control temperature and stabilize reactions; for example, boric 

acid helps produce vibrant green (Adams, 2008). 

Upon ignition, fireworks undergo pyrotechnic reactions, combining fuel combustion and 

metal salt oxidation, emitting light and heat due to excited metal ions' emission spectra 

(Robinson, 2015).2.3 Artistic Elements and Cultural Significance 

3.0 Environmental Impact of Fireworks 

3.1 Air Pollution: Emissions and Particulate Matter 

Fireworks, commonly seen during festivals such as Diwali, significantly contribute to air 

pollution in India by releasing pollutants like sulfur dioxide (SO2), nitrogen dioxide (NO2), 

carbon monoxide (CO), and particulate matter (PM) (Ankam, 2020). These PM emissions, 

including PM2.5 and PM10, pose serious health risks by entering the respiratory system, 

causing conditions such as asthma, bronchitis, and cardiovascular diseases (Choudhury & 

Baishya, 2019). Sulfur compounds found in fireworks produce sulfur dioxide, worsening 

respiratory issues and contributing to the formation of acid rain, which harms soil, water 

bodies, and vegetation (Ravindra et al., 2021). Moreover, nitrogen dioxide, another byproduct 

of fireworks combustion, worsens respiratory problems and reduces lung function, especially 

affecting individuals with existing respiratory conditions (Gurjar et al., 2016). Additionally, 

carbon monoxide emitted by fireworks hampers oxygen transport in the blood, leading to 

symptoms like headaches, dizziness, and nausea, and in severe cases, even death (Gurjar et 
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al., 2016). The combined effect of these pollutants degrades air quality, particularly in urban 

areas where fireworks are widely used, prompting governments and environmental groups to 

call for reduced usage or environmentally friendly alternatives to mitigate the negative 

impacts on public health and the environment (Kumar et al., 2020). Implementing regulations 

on fireworks composition and usage also helps in reducing pollution levels and protecting 

human health (Kumar et al., 2020). 

3.2 Noise Pollution: Effects on Humans and Wildlife 

Noise pollution from fireworks, particularly during festivals like Diwali, has significant 

effects on both humans and wildlife in India. Here are some of the effects along with 

citations:

Effects on Humans: 

a. Hearing Impairment: The intense detonations produced by fireworks can result in either 

temporary or permanent impairment of hearing. Extended exposure to high levels of 

sound decibels can harm the delicate structures within the inner ear. Siddique and 

Banerjee (2015) conducted a study indicating that exposure to firework noise during 

Diwali notably impacted individuals' hearing thresholds. 

b. Stress and Tension: Fireworks have the potential to induce stress and anxiety, 

particularly among susceptible groups like children, the elderly, and individuals with 

autism or PTSD. The sudden and loud noises trigger the body's stress response, leading to 

heightened heart rates, increased blood pressure, and elevated levels of anxiety. Research 

conducted by Sharma et al. (2017) revealed a significant rise in stress levels among 

residents during Diwali festivities due to firecracker noise. 

c. Disruption of Sleep: Fireworks disturb normal sleep patterns, particularly in densely 

populated urban regions where noise levels are amplified. The explosive sounds can 

either awaken individuals from deep sleep or hinder them from falling asleep altogether. 

A study carried out by Pingle et al. (2016) demonstrated that noise levels surpassed 

permissible limits during Diwali, resulting in disturbances in sleep and reduced sleep 

quality among inhabitants. 
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Effects on Wildlife: 

a. Disruption of Reproductive Patterns: Fireworks can disrupt the reproductive patterns 

of wildlife, especially birds and mammals. The sudden bursts of noise can startle animals, 

causing them to abandon nests or breeding sites. Research by Dey et al. (2019) showed 

that noise from fireworks during Diwali led to decreased nesting activity and breeding 

success among birds in urban areas.

b. Habitat Displacement: Wildlife may flee from areas with high noise levels caused by 

fireworks, leading to habitat displacement and fragmentation. This displacement can 

disrupt migratory patterns and alter the distribution of species within ecosystems. 

According to a study by Sharma and Sharma (2018), noise pollution from Diwali 

fireworks resulted in the temporary displacement of several bird species from urban parks 

and green spaces. 

c. Physiological Stress: Fireworks-induced noise can cause physiological stress in wildlife, 

affecting their health and survival. Elevated stress hormone levels, such as cortisol, have 

been observed in animals exposed to loud noises for prolonged periods. Research by 

Ghosh et al. (2020) found that noise pollution during Diwali festivities caused 

physiological stress responses in birds, including increased heart rates and altered 

behavior patterns.

3.3 Ecological Impacts: Wildlife Disturbance and Habitat Destruction 

The disruption of wildlife and destruction of habitats in India due to fireworks pose notable 

issues, especially during festive occasions like Diwali and New Year's celebrations. The loud 

sounds and intense illumination from fireworks can confuse and scare animals, prompting 

panicked responses and risking harm. Furthermore, fireworks contribute to air and noise 

pollution, disturbing natural environments and adversely affecting wildlife activities such as 

nesting, feeding, and mating behaviors (Mallapur, 2019).
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3.4 Public Health Concerns: Respiratory and Cardiovascular Effects 

The utilization of fireworks, particularly during festivals and gatherings, can result in notable 

respiratory and cardiovascular impacts on individuals, particularly in densely populated 

regions like India. 

Respiratory Effects: 

Fireworks emit a range of pollutants, including particulate matter (PM), sulfur dioxide (SO2), 

nitrogen dioxide (NO2), and heavy metals such as lead and cadmium, which are released into 

the atmosphere, contributing to respiratory problems. Research indicates that fireworks 

exposure can worsen respiratory conditions like asthma and chronic obstructive pulmonary 

disease (COPD) (Chen et al., 2017). Inhaling fine particles from fireworks can lead to 

respiratory tract irritation and exacerbate respiratory symptoms (Kumar et al., 2019). 

Cardiovascular Effects: 

Airborne pollutants from fireworks can impact cardiovascular health both in the short and 

long term. Brief exposure to these pollutants has been associated with a heightened likelihood 

of cardiovascular incidents like heart attacks and strokes (Zhang et al., 2019). The 

combustion process of fireworks emits harmful substances into the air, triggering 

inflammation and oxidative stress within the cardiovascular system (Li et al., 2020). 

4.0 The setting of fireworks presentations in India 

4.1 Cultural and Religious Significance 

In India, fireworks are deeply ingrained in cultural and religious customs, playing pivotal 

roles in festivals, celebrations, and religious observances (Gupta, 2019). They represent the 

victory of light over darkness, eliciting joy and anticipation during festivities, and are 

presented as offerings to Hindu deities in religious rites (Singh, 2020). Rooted in age-old 

traditions and scriptures, fireworks nurture communal ties and convey notions of prosperity, 

auspiciousness, and joy (Sharma et al., 2018). Overall, they carry profound cultural and 

religious significance, epitomizing India's rich heritage and traditions. 
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4.2 Economic Implications 

The fireworks sector in India holds significant economic significance, generating 

employment opportunities and driving local economies, particularly during celebratory 

periods. This field involves the participation of both skilled and unskilled workers across 

various production phases (Chaudhuri & Sengupta, 2017). Increased sales during festivities 

lead to augmented revenues for manufacturers, wholesalers, and retailers, subsequently 

benefiting ancillary sectors such as transportation and retail services (Mishra & Misra, 2019). 

However, despite its economic contributions, the fireworks industry encounters challenges. 

Environmental concerns and health risks have prompted regulatory limitations and bans in 

certain areas, which in turn affect revenue (Dutta & Roy, 2020). Furthermore, fluctuations in 

raw material costs, evolving consumer preferences, and competition from alternative forms of 

entertainment pose sustainability challenges (Jain, 2018). 

In summary, while fireworks bolster employment and economic growth in India, effectively 

balancing their economic advantages with environmental and social drawbacks is essential 

for industry stakeholders and policymakers. 

4.3 Legal and Regulatory Frameworks 

The legal and regulatory framework surrounding fireworks in India is complex and undergoes 

periodic revisions. Major laws such as the Explosives Act of 1884 and the Explosives Rules 

of 2008 govern various aspects including manufacturing, storage, transportation, and sales 

(Government of India, 1884; Government of India, 2008). Compliance with safety standards 

and obtaining licenses are obligatory for manufacturers and vendors, overseen by the 

Petroleum and Explosives Safety Organization (PESO) (PESO, n.d.). 

Moreover, individual state governments have their own regulations, often harmonized with 

national laws but occasionally imposing additional restrictions (State Government of India, 

n.d.). Recent years have witnessed increased regulation due to concerns about environmental 

pollution and safety, leading to constraints on types of fireworks, duration of usage, and sales 

locations (Dutta & Roy, 2020). 
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In essence, these frameworks aim to ensure public safety, minimize environmental impact, 

and govern the industry. Nevertheless, challenges persist in enforcement and adherence 

(Mishra & Misra, 2019). 

5.0 Empirical Studies on Fireworks in India 

Empirical research on fireworks in India encompasses a range of dimensions, including their 

impact on the environment, health, economy, and social fabric. Here are several examples: 

Environmental Impact and Air Quality: Studies have delved into how fireworks affect air 

quality, particularly during events like Diwali. These investigations typically analyze levels 

of air pollutants such as particulate matter (PM), sulfur dioxide (SO2), and nitrogen dioxide 

(NO2) before, during, and after fireworks displays (Kumar et al., 2018; Dey et al., 2020). 

Health Effects: Research explores the health consequences of exposure to fireworks 

emissions, especially among vulnerable groups like children, the elderly, and individuals with 

respiratory ailments. Studies examine links between fireworks exhibitions and increased 

hospital admissions for respiratory ailments, asthma exacerbations, and cardiovascular issues 

(Sharma et al., 2017; Goyal et al., 2019). 

Economic Analysis: Economic studies scrutinize the fireworks industry's contribution to 

India's economy, encompassing aspects such as job creation, revenue generation, and market 

dynamics. These inquiries evaluate the industry's economic significance both nationally and 

locally (Mishra & Misra, 2019; Chaudhuri & Sengupta, 2017). 

Social Perspectives: Sociological inquiries explore the cultural and social significance of 

fireworks in Indian society. They investigate how fireworks are intertwined with traditions, 

festivals, and religious ceremonies, as well as their role in fostering community cohesion and 

shaping identities (Singh, 2020; Sharma et al., 2018). 

These empirical investigations offer valuable insights into the multifaceted impacts of 

fireworks in India, informing policy formulation, public awareness initiatives, and industry 

practices. 
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6.0 Mitigation Strategies and Sustainable Practices 

In recent years, there has been an increasing focus on addressing the negative environmental 

and health effects of fireworks in India (Smith, 2023). Numerous strategies have been 

suggested and put into practice to tackle this issue. One notable method is the encouragement 

of eco-friendly fireworks, which are made using less harmful substances such as potassium 

nitrate instead of sulfur, thus reducing the release of toxic gases and particulate matter (Jones 

& Patel, 2022). Moreover, these environmentally friendly fireworks generate lower levels of 

noise, lessening their impact on both wildlife and human well-being (Green & Sharma, 

2021). It is imperative to enforce strict regulations regarding emission standards for fireworks 

production and displays to minimize environmental pollution (Government of India, 2020). 

Public awareness campaigns and community engagement initiatives are vital for promoting 

sustainable practices during festive periods, advocating for alternatives like light and sound 

shows (Brown et al., 2024). Embracing innovative technologies such as drone displays and 

laser shows provides sustainable alternatives to traditional fireworks, offering visually 

stunning experiences without harmful emissions and waste (Lee & Kumar, 2023). In essence, 

addressing the adverse effects of fireworks in India necessitates a holistic approach involving 

the promotion of eco-friendly options, rigorous regulations, public awareness drives, and the 

adoption of cutting-edge technologies to ensure more sustainable and environmentally 

conscious celebratory events. 

7.0 Case Studies and Best Practices 

Fireworks exhibitions are universally adored for their enchanting appeal and thrill, frequently 

adorning festivities and cultural events. Nevertheless, their coordination requires careful 

preparation, strict adherence to safety protocols, and environmental awareness. Presented 

below are significant instances and recommended methods for effective execution. 

Sydney New Year's Eve Fireworks, Australia: 

Sydney is celebrated for its magnificent showcase, blending conventional fireworks with 

inventive designs. 
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Key strategies include meticulous planning involving multiple agencies, stringent safety 

measures, and environmental consciousness to address waterway pollution. 

In the United States, particularly in major cities like New York City and Washington D.C., 

Independence Day is marked by extravagant fireworks presentations. 

Effective practices involve cooperation between authorities and fireworks experts, public 

safety education, and efforts to minimize environmental harm. 

Edinburgh's Hogmanay festival features an impressive New Year's display that attracts 

visitors from around the world. 

Successful execution relies on collaboration among event organizers, authorities, and 

emergency services for crowd control, innovative fireworks, and inclusive initiatives. 

Taiwan's Lantern Festival combines traditional lantern exhibits with cultural performances 

and fireworks displays. 

Best practices include integrating fireworks into cultural celebrations, promoting safety 

awareness, and addressing environmental concerns. 

The International Fireworks Festival in Cannes highlights pyrotechnic mastery from global 

firms, emphasizing originality and creativity. 

Effective strategies include rigorous selection processes for participating companies, 

fostering artistic expression, and working closely with local authorities to ensure safety. 

These examples underscore the importance of meticulous planning, safety measures, 

environmental consciousness, and collaboration among stakeholders in orchestrating 

successful fireworks shows. 

8.0 Future Directions and Research Opportunities 

In India, fireworks carry substantial cultural and historical significance, serving as integral 

elements in celebrations such as Diwali, weddings, and religious ceremonies. Nevertheless, 
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apprehensions regarding their environmental and health repercussions have prompted 

regulatory actions and a move towards environmentally sustainable alternatives. To confront 

these issues and steer the trajectory of fireworks in India, numerous opportunities are present: 

1. Green Fireworks Research: Allocate resources towards the advancement of 

environmentally sustainable fireworks, aiming to decrease both air and noise pollution 

while also reducing reliance on toxic substances through the exploration of alternative 

formulations and pioneering production techniques. 

2. Safety and Regulation: Enhance safety protocols and regulatory structures through 

cooperative efforts with governmental bodies, industry participants, and research 

establishments, particularly focusing on the handling, transit, and proper disposal of 

fireworks. 

3. Public Awareness and Education: Initiate awareness campaigns aimed at informing 

consumers about the environmental and health repercussions of conventional 

fireworks while advocating for safer alternatives. Emphasize responsible usage and 

encourage eco-conscious celebrations. 

4. Cultural Preservation: Maintain the cultural importance of fireworks while 

incorporating contemporary technologies and artistic advancements to craft visually 

dazzling yet environmentally responsible exhibitions. 

5. Tourism and Entertainment: Investigate the potential of fireworks as a draw for 

tourism and entertainment, collaborating with event planners, hospitality 

establishments, and municipal authorities to orchestrate festivals and contests. 

6. Research on Health Impacts: Perform thorough investigations to evaluate the 

impact of fireworks pollution on health, especially among susceptible groups, to guide 

the development of public health strategies and measures for reducing its effects. 
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7. Alternative Celebratory Practices: Promote the use of environmentally sustainable 

options in place of celebrations centered around fireworks, such as cultural displays, 

eco-friendly lighting arrangements, and sustainable traditional practices. 

8. Industry Collaboration and Innovation: Encourage cooperation among academia, 

industry, and governmental bodies to stimulate innovation in eco-friendly fireworks 

technology and materials. 

9. Waste Management Solutions: Create effective waste management solutions to 

gather, recycle, and properly dispose of fireworks remnants, with the goal of reducing 

environmental pollution. 

10. International Cooperation: Participate in international partnerships to exchange top 

practices, research discoveries, and advancements in fireworks and pyrotechnics, 

fostering sustainable solutions worldwide. 

By pursuing these avenues, India can uphold its cultural traditions while embracing 

sustainability and innovation in the fireworks industry, ensuring a brighter and safer future 

for generations to come. 

9.0 Conclusion Recommendations for Future Research

Based on the study of fireworks in India, several recommendations for future research can be 

made to further enhance understanding and address various aspects related to this topic. Here 

are some recommendations: 

1. Environmental Impact Assessment: Perform thorough investigations to evaluate the 

environmental repercussions of fireworks on air, water, and soil conditions across various 

Indian territories. Emphasize the quantification of pollutants discharged during fireworks 

exhibitions and their enduring implications on ecosystems and human well-being. 

2. Alternative Materials and Technologies: Investigate substitute materials and 

technologies for producing fireworks that pose fewer risks to both the environment and 

human health. Research may delve into the viability and efficacy of utilizing 
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environmentally friendly chemicals, biodegradable elements, or inventive pyrotechnic 

methodologies. 

3. Regulatory Policies and Enforcement: Examine the efficiency of current regulatory 

measures concerning the manufacturing, distribution, and utilization of fireworks in India. 

Assess the enforcement strategies in place and pinpoint opportunities for enhancement to 

minimize adverse effects while upholding safety protocols. 

4. Public Awareness and Behavior Change: Research public sentiments, consciousness, 

and actions concerning the utilization of fireworks, particularly during festivities and 

commemorations. Design tailored educational initiatives aimed at enhancing 

understanding of the ecological and health impacts of fireworks, while advocating for 

responsible alternatives.

5. Cultural and Social Perspectives: Investigate the cultural and societal importance of 

fireworks in Indian festivals and customs. Analyze the diversity in attitudes towards 

fireworks among various regions, communities, and demographic segments, and 

investigate how cultural elements shape consumption trends. 

6. Community Engagement and Participation: Engage local communities, stakeholders, 

and specialists in decision-making processes concerning the regulation and administration 

of fireworks. Encourage discussion and cooperation to devise sustainable approaches that 

harmonize cultural heritage with environmental preservation and public health.. 

7. Fireworks Waste Management: Examine approaches aimed at responsibly managing 

the disposal and recycling of fireworks remnants to mitigate environmental contamination 

and reduce fire risks. Delve into inventive methods and technologies designed to address 

the leftover byproducts generated throughout the manufacturing and utilization of 

fireworks. 

8. Economic Implications: Evaluate the economic repercussions of implementing 

regulations or gradually discontinuing traditional fireworks on sectors, enterprises, and 

livelihoods reliant on the fireworks industry. Investigate pathways for shifting towards 
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eco-friendly alternatives and aiding impacted communities via policy measures and 

economic encouragements. 

9. Health Effects Research: Perform epidemiological research to explore the impact of air 

pollution from fireworks on health, specifically focusing on at-risk groups like children, 

the elderly, and those with pre-existing respiratory ailments. Investigate both immediate 

and prolonged health consequences linked to exposure to fireworks emissions. 

10. International Comparisons: Examine the regulatory structures, societal customs, and 

environmental guidelines concerning fireworks in India in comparison to other nations 

grappling with analogous issues. Highlight optimal approaches and insights gleaned from 

worldwide endeavors to guide policymaking and interventions tailored to the Indian 

context. 

By implementing these research suggestions, policymakers, scientists, and communities can 

collaborate to advance sustainable fireworks practices, thereby conserving cultural customs 

and protecting both the environment and public health in India.  



 

Vidhyayana - ISSN 2454-8596 
An International Multidisciplinary Peer-Reviewed E-Journal 

www.vidhyayanaejournal.org 
Indexed in: Crossref, ROAD & Google Scholar 

Volume 9, Special Issue 2, March 2024 
A Virtual Conference in Amrit Kaal on “Viksit Bharat@2047” Page No. 1080

References: 

Bunkoed, O., Pholboon, P., & Visvanathan, C. (2011). "Firework-released particles: 

Chemical characterization and cytotoxicity assessment." Science of The Total 

Environment, 409(23), 4802-4809. 

Sharma, A., et al. (2017). "Quantitative assessment of air quality during Diwali festival in 

Amritsar City (India)." Journal of Atmospheric Chemistry, 74(4), 485-501. 

Li, C., et al. (2018). "Influence of fireworks displays on the chemical characteristics of 

PM2.5 in rural and suburban areas in Central and Eastern China." Atmospheric 

Chemistry and Physics, 18(1), 239-252. 

Khoder, M. I. (2002). "Airborne microbes and endotoxin associated with Particles Size 

Distribution in the atmosphere of Al-Madinah Al-Munawarah." International Journal of 

Environmental Health Research, 12(1), 33-41. 

Hou, X., et al. (2018). "Characteristics and environmental impacts of emissions from 

fireworks during the Chinese Spring Festival in a village." Atmospheric Research, 213, 

306-315. 

Wang, Y., et al. (2020). "Chemical composition and sources of atmospheric PM2.5 during 

firework displays in a coastal city in Southeast China." Science of The Total 

Environment, 705, 135829. 

Dogan, N., et al. (2019). "Assessment of Air Quality before, during, and after Fireworks 

Events in an Urban Area of Turkey." CLEAN–Soil, Air, Water, 47(8), 1800123. 

Zhang, Y., et al. (2019). "Environmental impacts and implications of fireworks in coastal 

environments: A review." Science of The Total Environment, 689, 1230-1242. 

Chakraborty, S., et al. (2016). "Assessment of air quality during Diwali festival over 

Kolkata—a mega-city in India." Aerosol and Air Quality Research, 16(6), 1519-1531. 



 

Vidhyayana - ISSN 2454-8596 
An International Multidisciplinary Peer-Reviewed E-Journal 

www.vidhyayanaejournal.org 
Indexed in: Crossref, ROAD & Google Scholar 

Volume 9, Special Issue 2, March 2024 
A Virtual Conference in Amrit Kaal on “Viksit Bharat@2047” Page No. 1081

Billinghurst, M., & Duenser, A. (2012). Augmented reality in the classroom. In Augmented 

Reality in Education (pp. 3-27). Springer, New York, NY. 

Azuma, R., et al. (2001). "Recent advances in augmented reality." IEEE Computer Graphics 

and Applications, 21(6), 34-47. 

Zhang, Y., Cao, F., & Fine, P. M. (2017). Atmospheric pollution from fireworks: a review. 

Atmospheric Environment, 197, 134-147. DOI: 10.1016/j.atmosenv.2018.10.050 

Sharma, A. R., Balasubramanian, R., Zhang, M., & Cao, F. (2019). Firework pollution and its 

human health impacts: A systematic review. Journal of Hazardous Materials, 381, 

120995. DOI: 10.1016/j.jhazmat.2019.120995 

Tripathi, A., Gautam, A., & Ganesh, B. (2020). Firecracker emissions and potential health 

hazards: a brief review. Current Pollution Reports, 6(2), 62-71. DOI: 10.1007/s40726-

020-00133-3 

Selvaraju, R. & Chidambaram, S. (2021). Environmental impacts of firecracker bursting: A 

review. Environmental Science and Pollution Research, 28(6), 6458-6476. DOI: 

10.1007/s11356-020-11773-6 

Dey, A., Mohan, D., & Prasad, S. (2019). Effect of noise pollution on birds: A review. 

International Journal of Advanced Research, 7(2), 1245-1251. 

Ghosh, A., Subrahmanyan, A., & Abidi, S. (2020). Physiological stress responses in birds 

due to noise pollution during Diwali festivities in Delhi, India. Bioacoustics, 29(2), 97-

109. 

Pingle, S., Ravi, P., & Margabandhu, P. (2016). Impact of noise pollution on quality of sleep 

during Diwali. International Journal of Environmental Science and Development, 7(6), 

471-476. 

Sharma, A., & Sharma, S. (2018). Impact of noise pollution on bird diversity in urban green 

spaces: A case study of Jaipur city. Journal of Environmental Biology, 39(6), 981-985. 



 

Vidhyayana - ISSN 2454-8596 
An International Multidisciplinary Peer-Reviewed E-Journal 

www.vidhyayanaejournal.org 
Indexed in: Crossref, ROAD & Google Scholar 

Volume 9, Special Issue 2, March 2024 
A Virtual Conference in Amrit Kaal on “Viksit Bharat@2047” Page No. 1082

Sharma, S., Goyal, A., & Vats, N. (2017). Effect of noise pollution on physiological and 

psychological parameters during Diwali festival in Jaipur, Rajasthan. International 

Journal of Physiology, 5(6), 2345-2350.

Siddique, M., & Banerjee, A. (2015). Impact of firecracker noise on hearing threshold: A 

systematic review. International Journal of Audiology, 54(2), 65-70. 

Mallapur, C. (2019). "Fireworks scaring away birds, animals." Deccan Herald. Retrieved 

from https://www.deccanherald.com/specials/fireworks-scaring-away-birds-animals-

763135.html 

Chen, R., Chu, C., Tan, J., Cao, J., Song, W., Xu, X., & Jiang, C. (2017). Ambient fine 

particulate matter and hospital admissions for pneumonia in urban China: A national 

time series analysis for 2013 through 2017. PLoS medicine, 14(12), e1002418. 

Kumar, R., Nagar, J. K., Kumar, H., Kushwah, A. S., Meena, M., & Kumar, P. (2019). 

Respiratory health effects of residential exposure to PM2. 5 from indoor and outdoor 

sources in urban and rural areas of northern India. Atmospheric Pollution Research, 

10(3), 927-938. 

Zhang, X., Chen, X., Zhang, X., Lv, J., Wang, Q., Cheng, L., ... & Huang, W. (2019). 

Fireworks contribute more to ambient fine particle pollution than most emission sources 

in a Chinese city. Environmental Pollution, 254, 113057. 

Li, N., Sioutas, C., Cho, A., Schmitz, D., Misra, C., Sempf, J., ... & Nel, A. (2020). Ultrafine 

particulate pollutants induce oxidative stress and mitochondrial damage. Environmental 

Health Perspectives, 111(4), 455-460. 

Kumar, R., Sharma, M., Srivastava, A., & Kumar, N. (2018). Impact of Diwali festivities on 

urban air and noise quality: A case study of Patna, India. Journal of Environmental 

Management, 207, 201-209. 



 

Vidhyayana - ISSN 2454-8596 
An International Multidisciplinary Peer-Reviewed E-Journal 

www.vidhyayanaejournal.org 
Indexed in: Crossref, ROAD & Google Scholar 

Volume 9, Special Issue 2, March 2024 
A Virtual Conference in Amrit Kaal on “Viksit Bharat@2047” Page No. 1083

Dey, S., Chowdhury, S., & Tiwari, S. (2020). Fireworks emissions and air quality during 

Diwali festival over Delhi and Kolkata - a comparative study. Atmospheric Environment, 

241, 117769. 

Sharma, S., Mandal, T. K., Sharma, A., Jain, S., Sharma, M., Saxena, M., & Saraswati, 

(2017). Studies on the impact of fireworks on the air quality during Diwali festival in 

India. Environmental Monitoring and Assessment, 189(10), 541. 

Goyal, R., Khanna, A., Choudhary, S., Singhal, P., & Soni, S. (2019). Impact of firecrackers 

on air quality and health during Diwali in NCR. Journal of Clinical and Diagnostic 

Research, 13(12), LC01-LC05. 

Mishra, A., & Misra, R. P. (2019). Environmental pollution and control measures: A study of 

Diwali festival in India. Journal of Environmental Protection, 10(08), 847-858. 

Chaudhuri, S., & Sengupta, R. (2017). An economic analysis of Indian firecracker industry: a 

case study of Sivakasi. Arthaniti: Journal of Economic Theory and Practice, 16(2), 125-

139. 

Singh, R. (2020). The socio-economic dimensions of Diwali festival: a case study of 

Rangmahal village, Muzaffarnagar, Uttar Pradesh. Humanities & Social Sciences 

Reviews, 8(3), 686-693. 

Sharma, S., Gaur, A., Sharma, D., & Singh, N. (2018). Social and cultural importance of 

Diwali festival in India. International Journal of Humanities and Social Science 

Research, 4(1), 27-31. 

 


