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ABSTRACT: Ambient air quality monitoring in India has become increasingly vital due to escalating air pollution in 
urban areas, which poses severe health risks. This review examines both traditional methods, like manual sampling, and 
modern technologies, such as real-time monitoring, satellite observations, and low-cost sensors. Key pollutants 
highlighted include PM2.5, PM10, NO2, SO2, O3, and CO, alongside their impacts on health and the environment. 
Challenges in air pollution control include limited monitoring station coverage, data quality issues, and low public 
awareness. Government initiatives like the National Clean Air Programme (NCAP) and state-level actions aim to 
improve networks and mitigate pollution. Emerging low-cost sensors are explored for their potential to enhance 
monitoring coverage and provide actionable real-time data. The review underscores the role of big data analytics and 
citizen science in integrating diverse datasets to generate detailed, real-time insights. These efforts can enable informed 
policy-making and proactive pollution management. Critical areas for future research include developing reliable 
monitoring technologies, better data integration systems, and strategies to increase public engagement. The paper 
advocates for a comprehensive air quality monitoring network and collaborative efforts among government, industry, 
and citizens to address India’s pollution crisis effectively. 
 

KEYWORDS: A Review of Ambient Air Quality Monitoring in India: Challenges, Technologies, and Future 
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I. INTRODUCTION 

 

Air pollution is a severe global health and environmental challenge, with India being one of the most impacted 

countries. Over 7 million premature deaths worldwide are attributed to air pollution annually, with India accounting for 

a significant share. Almost 100% of India’s population is exposed to PM2.5 levels above WHO’s recommended limits. 

PM2.5, capable of penetrating the lungs and bloodstream, causes serious health problems, including respiratory and 

cardiovascular diseases, lung cancer, strokes, and developmental issues. In 2019 alone, outdoor air pollution 

contributed to 1.2 million deaths in India, disproportionately affecting children and the elderly. The economic impact of 

air pollution is also significant, costing India nearly 1.36% of its GDP in 2019 due to healthcare expenses and reduced 

productivity. Sectors like agriculture are also affected, as pollutants such as ozone and nitrogen dioxide lower crop 

yields, exacerbating food security challenges. Addressing this crisis requires robust air quality monitoring systems to 

provide accurate, real-time data. Such data is essential for crafting effective policy measures, public health campaigns, 

and pollution control strategies. Despite the critical need, challenges such as limited monitoring networks, high costs, 

and data quality issues persist. To combat these issues, innovative solutions like low-cost sensors, satellite-based 

monitoring, and big data analytics are becoming increasingly important. The integration of these technologies with 
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predictive modeling and real-time analytics can empower policymakers to design tailored interventions. Collaborative 

efforts involving government, industry, and civil society are essential for implementing these solutions effectively. 

As urbanization and industrialization continue to expand, India’s focus on air quality monitoring and management has 

never been more urgent. Investments in infrastructure, advanced technologies, and public awareness initiatives will be 

pivotal in mitigating the health and economic impacts of air pollution and ensuring a sustainable future for the country. 

 

II. CONTEXT AND SIGNIFICANCE 

 

Air pollution in India has reached critical levels, with its most severe impacts felt in rapidly growing urban centers. 

Cities such as Delhi, Mumbai, Kolkata, and Chennai are routinely ranked among the world’s most polluted cities, with 

hazardous concentrations of pollutants like particulate matter (PM2.5), nitrogen dioxide (NO2), sulfur dioxide (SO2), 

and ozone (O3). These urban areas, where the population density is high, experience heavy traffic, industrial emissions, 

and unregulated construction activities, all contributing to the deterioration of air quality. Delhi, the capital city, is often 

cited as the epicenter of India’s air pollution crisis, with its air quality index (AQI) frequently breaching dangerous 

levels, particularly during the winter months. The infamous phenomenon of "winter smog," exacerbated by stubble 

burning in neighboring states, causes the concentration of PM2.5 to skyrocket, leading to health emergencies and 

widespread public concern. Other cities, such as Mumbai, Kolkata, and Chennai, are similarly facing air quality 

challenges, with some cities in Bihar (e.g., Begusarai), Guwahati, and Mullanpur in Punjab also experiencing poor air 

quality levels. According to the World Health Organization (WHO), several of these cities rank among the most 

polluted in the world, contributing to a public health crisis of massive proportions. The scale of air pollution in India is 

alarming not just in terms of air quality, but also due to its far-reaching effects on public health, the economy, and the 

environment. Prolonged exposure to high levels of air pollution has been linked to numerous diseases, including heart 

attacks, stroke, lung cancer, respiratory diseases, and premature death. The economic burden caused by healthcare 

costs, reduced worker productivity, and damage to agricultural crops is a significant drag on the country's GDP. With 

urban populations steadily increasing and industrial activities expanding, the pollution problem is expected to intensify 

in the coming decades. 

 

III. AMBIENT AIR QUALITY MONITORING 

 

Ambient air quality monitoring is an essential tool in combating this crisis. By continuously measuring pollutants in 

real-time, monitoring stations provide accurate data on air quality levels across different regions. This data is critical for 

several reasons: Assessing Pollution Levels: Monitoring stations allow the government, environmental agencies, and 

researchers to track air pollution levels over time, identifying areas with the highest concentrations of pollutants and 

patterns of air quality deterioration. This data is essential for public health and environmental protection efforts. Setting 

Regulatory Standards: Air quality monitoring serves as the foundation for establishing regulatory standards. By 

collecting empirical data on pollutant concentrations, policymakers can set permissible limits for air pollution, ensuring 

that industrial, vehicular, and construction activities remain within safe thresholds. Monitoring also helps assess 

whether these standards are being met and whether stricter regulations may be necessary. Informed Policy Decisions: 

Air quality data is invaluable for crafting effective air pollution control policies. Governments use this data to develop 

action plans such as the National Clean Air Programme (NCAP) in India, which aims to reduce particulate matter 

concentrations across several polluted cities. Additionally, real-time data allows for the immediate implementation of 

measures like traffic restrictions, construction bans, or emergency responses to pollution spikes. Public Health 

Interventions: Ambient air quality data directly informs health interventions. When pollution levels are dangerously 

high, the government can issue health advisories to vulnerable populations, such as children, the elderly, and those with 

pre-existing conditions. Moreover, hospitals and healthcare providers can use this data to prepare for surges in 

pollution-related illnesses. Public health campaigns that educate people on how to minimize exposure to harmful 

pollutants also rely on air quality data to target specific regions or times of high pollution. Raising Public Awareness: 

Public access to air quality data, often through mobile apps or online dashboards, enables citizens to monitor their local 

air quality and make informed decisions about their daily activities. By understanding when pollution levels are unsafe, 

individuals can take protective measures such as wearing masks, reducing outdoor activities, or limiting exposure in 

high-pollution areas. 
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IV. PURPOSE AND SCOPE 

 

The primary objective of this review is to provide a comprehensive summary of the current technologies used for 
ambient air quality monitoring in India, with a focus on understanding how these technologies are deployed in the 
unique Indian context. As air pollution in India continues to pose serious public health and environmental challenges, it 
is crucial to examine the effectiveness of existing monitoring systems and identify areas for improvement. This review 
not only explores the traditional and emerging technologies available for measuring air quality but also discusses how 
these systems are used across different regions of India, considering the diverse geographic, economic, and 
infrastructural challenges the country faces. Inadequate Coverage of Monitoring Networks: Despite the growing 
recognition of the air pollution crisis, many areas, especially in rural regions, still lack sufficient air quality monitoring 
stations. The review will explore the regional disparities in the availability and coverage of monitoring infrastructure, 
particularly in smaller towns and less industrialized areas. Data Quality and Calibration Issues: Another significant 
challenge is the variability in the quality and reliability of the data collected by monitoring stations. The review will 
examine how inconsistent calibration of sensors, environmental factors like temperature and humidity, and the 
limitations of some low-cost sensors can impact the accuracy of air quality data. These issues are particularly critical in 
ensuring that air quality data is used to inform public health and regulatory measures effectively. Technological and 
Financial Constraints: While there is an increasing demand for real-time, high-precision air quality monitoring, many 
local and state governments face financial and technological constraints in implementing large-scale monitoring 
systems. This review will assess the extent to which these constraints limit the effectiveness of air quality management 
in India and propose potential solutions. Public Awareness and Engagement: A unique challenge in the Indian context is 
the lack of public awareness and engagement in air quality monitoring. Many citizens are unaware of the health risks 
associated with exposure to air pollution or the existence of real-time air quality data. This review will explore the role 
of public education, media, and mobile applications in bridging this awareness gap and encouraging citizen 
participation in air quality management. 
 

4.1 Technologies for Ambient Air Quality Monitoring in India 

Ambient air quality monitoring in India relies on a variety of technologies to measure and assess the levels of pollutants 

in the atmosphere. These technologies are critical for understanding pollution trends, enforcing regulations, and 

informing public health strategies. The monitoring technologies used in India range from traditional, government-

operated monitoring stations to emerging, low-cost, and innovative technologies that can extend monitoring coverage 

in under-served regions. This section provides an in-depth exploration of the key technologies used in ambient air 

quality monitoring across the country. 

 

4.2 Traditional Monitoring Stations (Reference Monitoring Stations) 

Traditional air quality monitoring systems in India are largely operated by government agencies like the Central 

Pollution Control Board (CPCB), State Pollution Control Boards (SPCBs), and local municipal bodies. These stations 

serve as the backbone of air quality monitoring and provide reliable, high-precision data for regulatory and policy 

purposes. These stations generally use manual sampling methods combined with automatic continuous ambient air 

quality monitoring systems (CAAQMS). The main technologies used in these systems include: Gravimetric Method: 

This traditional method involves collecting particulate matter on filters and then weighing them in a laboratory to 

calculate concentration levels. It is accurate but time-consuming and typically used for periodic monitoring. Beta 

Attenuation Monitors (BAM): BAM is used for measuring particulate matter (PM10 and PM2.5). The principle behind 

BAM is that as particulate matter passes through a beam of beta radiation, it attenuates the intensity of the radiation. 

The degree of attenuation is directly proportional to the concentration of particulate matter in the air. 

Chemiluminescence and Ultraviolet (UV) Absorption: These methods are used for monitoring gases like nitrogen 

oxides (NOx) and ozone (O3). In chemiluminescence, a chemical reaction emits light, which is measured to determine 

gas concentration. UV absorption measures the absorption of UV light by gases like sulfur dioxide (SO2) and ozone. 

Non-Dispersive Infrared (NDIR) Sensors: These sensors are commonly used for monitoring gases like carbon 

monoxide (CO), carbon dioxide (CO2), and methane (CH4). NDIR sensors detect gases based on their absorption of 

infrared light at specific wavelengths. 
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4.3 REMOTE SENSING TECHNOLOGIES 

Satellite-based monitoring and remote sensing technologies are playing an increasingly important role in ambient air 

quality monitoring in India. These technologies provide a broader, more holistic view of air pollution levels, especially 

in regions that may not be adequately covered by ground-based monitoring stations. Remote sensing technologies use 

satellite imagery and aerial sensors to measure air quality across large geographic areas. Satellite-based Sensors: 

Satellites, such as those equipped with MODIS (Moderate Resolution Imaging Spectroradiometer) and Sentinel (part of 

the European Space Agency's Copernicus program), are equipped with sensors that can detect pollutants like NO2, 

SO2, PM2.5, and CO in the atmosphere. These satellites provide data on global and regional pollution trends, offering 

valuable insights into the movement of pollution across borders and seasonal variations in air quality. Ground-based 

Remote Sensing: In addition to satellite imagery, remote sensing platforms like drone-based sensors are being 

developed for localized, real-time air quality monitoring. These drones are particularly useful for monitoring pollution 

sources such as construction sites or factories, as well as measuring air quality in locations that are difficult to access 

with ground-based sensors. 

 

4.4 MOBILE AIR QUALITY MONITORING 

Mobile air quality monitoring is another emerging technology, driven by the proliferation of smartphones and 

connected devices. This technology allows for the collection of air quality data on the go, contributing to a more 

decentralized approach to monitoring. Mobile air quality monitors are typically small, portable devices that measure 

pollutants like PM2.5, PM10, and NO2. These devices are equipped with sensors similar to those used in stationary 

low-cost monitoring stations but are designed to be carried around or mounted on vehicles for dynamic data collection. 

Vehicle-mounted Sensors: In cities like Delhi, mobile air quality monitoring units mounted on cars or buses are 

increasingly used to track pollution levels across various routes in real time. These units continuously monitor air 

quality along busy streets, highways, and industrial zones, providing real-time data that can be used to identify 

pollution hotspots. Smartphone Apps: Several mobile applications, such as AirVisual and Plume Labs, leverage GPS 

data from smartphones to give users real-time information about local air quality. These apps aggregate data from 

various sensors, including both government monitoring stations and individual users, and provide easy-to-understand 

information about pollution levels in different locations. 

 

4.5 ARTIFICIAL INTELLIGENCE (AI) AND BIG DATA ANALYTICS 

 The integration of big data analytics and artificial intelligence (AI) is transforming the field of air quality monitoring. 

These technologies enable the analysis of large, complex datasets collected from various sources, providing insights 

into pollution patterns, forecasting, and optimization of mitigation strategies.AI and machine learning algorithms can 

process data from satellite sensors, ground-based monitors, and low-cost sensors to predict air quality trends, identify 

pollution hotspots, and optimize intervention measures. Air Quality Forecasting: AI models can be trained to predict air 

quality levels in different parts of a city or region based on historical data, meteorological conditions, and emission 

sources. These forecasts are valuable for early warnings about pollution spikes, helping cities to implement measures 

like traffic restrictions or construction bans. Pollution Source Attribution: AI can also be used to analyze air quality 

data and determine the sources of pollution. For instance, AI algorithms can analyze data from various monitoring 

stations to trace the origins of pollutants, whether they are coming from vehicular emissions, industrial activities, or 

agricultural practices like stubble burning. 

 

V. CONCLUSION 

 

Air pollution in India has reached critical levels, posing severe health risks, economic losses, and environmental 
degradation. Ambient air quality monitoring plays a key role in combating this crisis by providing data for policy-

making, health interventions, and pollution control strategies. Despite this, challenges such as insufficient monitoring 
networks, high costs of traditional technologies, and data quality issues persist. Emerging technologies, including low-

cost sensors, IoT, AI, and satellite-based monitoring, present opportunities for enhanced data collection and real-time 
insights. These innovations enable a comprehensive understanding of pollution, empowering policymakers with tools 
like predictive modeling and source apportionment for tailored interventions. Citizen science and public engagement 
also contribute significantly, fostering awareness and supplementing official monitoring efforts. Integrating air quality 
data with health and economic models helps policymakers allocate resources effectively and advocate for stricter 
regulations. However, challenges such as sensor calibration, data standardization, and political barriers remain. Smart 



© 2025 IJMRSET | Volume 8, Issue 1, January 2025|                                       DOI: 10.15680/IJMRSET.2025.0801008 

 

IJMRSET © 2025                                               |     An ISO 9001:2008 Certified Journal   |                                                            65 

city initiatives leveraging IoT and data analytics offer a promising avenue for urban pollution management. The future 
of air quality monitoring in India depends on integrating advanced technologies, fostering collaboration among 
stakeholders, and enhancing public participation. By overcoming current challenges, India can address its air pollution 
crisis and move toward a healthier, sustainable future. 
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