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Abstract: Air pollution remains a significant environmental and public health concern, with particulate 

matter (PM) being one of its most harmful components. This study analyzes the trends of PM₂.₅ and PM₁₀ 

concentrations over recent years, identifying seasonal variations, geographical patterns, and potential 

sources of pollution. Using data from air quality monitoring stations, statistical models are applied to detect 

long-term changes and short-term fluctuations in PM levels. 

The PM2.5/PM10 ratio (PM2.5 and PM10 are defined as mass concentration of particles having aerodynamic 

diameter less than 2.5 and 10 µm respectively) is one of the important parameters in understanding the 

severity of the fine mode surface particulate matter pollution. Air pollution remains a critical environmental 

concern, with particulate matter (PM) posing significant threats to human health and ecosystems.  

Keywords: PM₂.₅, PM₁₀, air pollution, environmental impact, trend analysis, climate change, public health, 

   PM2.5  =  98µg/m3 , PM10  = 215 µg/m3. 

 

Introduction: 

Air pollution has emerged as one of the most pressing environmental and public health concerns in recent 

decades. Among the various air pollutants, Particulate Matter (PM), particularly PM₂.₅ (fine particles with 

a diameter of 2.5 micrometers or less) and PM₁₀ (particles with a diameter of 10 micrometers or less), 

are of significant concern due to their severe impact on human health and the environment. These airborne 

particles originate from natural sources such as dust storms, wildfires, and volcanic eruptions, as well as 

anthropogenic activities including industrial emissions, vehicular exhaust, and biomass burning. 

Long-term exposure to PM₂.₅ and PM₁₀ has been linked to respiratory diseases, cardiovascular disorders, and 

premature mortality. Moreover, these pollutants contribute to environmental degradation by affecting air 

quality, reducing visibility, and altering climate patterns. Given their critical role in air pollution, analyzing 

the trends of PM₂.₅ and PM₁₀ over time is essential for understanding their fluctuations, identifying 

pollution hotspots, and developing effective mitigation strategies. 

This research aims to conduct a trend analysis of PM₂.₅ and PM₁₀ concentrations over recent years, assessing 

seasonal and regional variations while exploring their broader environmental impact. By leveraging 

historical air quality data and statistical models, this study seeks to provide valuable insights into the long-

term behavior of particulate matter pollution and its implications for public health, climate change, and 

policy interventions. 
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What is PM, and how does it get into the air? 

Size comparisons for PM particles 

PM stands for particulate matter (also called particle pollution): the term for a mixture of solid particles and 

liquid droplets found in the air. Some particles, such as dust, dirt, soot, or smoke, are large or dark enough 

to be seen with the naked eye. Others are so small they can only be detected using an electron microscope. 

Particle pollution includes: 

 PM10 : inhalable particles, with diameters that are generally 10 micrometers and smaller; and 

 PM2.5 : fine inhalable particles, with diameters that are generally 2.5 micrometers and smaller. 

How small is 2.5 micrometers? Think about a single hair from your head. The average human hair is about 

70 micrometers in diameter – making it 30 times larger than the largest fine particle. 

Health Advice Based on Current PM10 and PM 2.5 

1. Air Purifier – Turn on  

2. Car Filter – Must 

3. N95 Mask 

4. Stay Indoor 

 

Literature Review 

The analysis of PM₂.₅ and PM₁₀ concentrations and their environmental impact has been a subject of 

extensive research over the years. Several studies have investigated their sources, trends, health effects, and 

mitigation strategies. This section presents a review of key literature related to particulate matter pollution. 

Research Paper 1 . This Research Paper focused on Trends and Sources of PM₂.₅ and PM₁₀ and it is proposed 

by Gupta & Christopher (2009) conducted a study on the spatial and temporal trends of PM₂.₅ and PM₁₀ 

concentrations using satellite-based remote sensing data. Their findings highlighted seasonal variations, with 

higher pollution levels in winter due to temperature inversions and increased biomass burning. 

Research Paper 2. This Research Paper Proposed by Zhang et al. (2019) analyzed long-term trends in 

particulate matter across major urban centers in China. They observed a significant reduction in PM₂.₅ levels 

post-2013 due to stringent air pollution control policies, although PM₁₀ reductions were less pronounced. 

Research Paper 3. This Research Paper focused on Health Impacts of PM₂.₅ and PM₁₀ and it is proposed by 

Pope et al. (2002) conducted a landmark study linking fine particulate matter exposure to increased mortality 

rates, particularly due to cardiovascular and respiratory diseases. The study demonstrated that prolonged 

exposure to PM₂.₅ significantly reduced life expectancy. 

Research Paper 4. This Research Paper Proposed by Dockery et al. (1993) investigated the relationship 

between air pollution and lung function decline. Their research provided strong epidemiological evidence 

connecting long-term exposure to PM with chronic respiratory diseases and reduced lung capacity. 

Research Paper 5. In this study, Environmental Impacts of Particulate Matter and it is proposed by Andreae 

& Merlet (2001) examined the role of biomass burning in contributing to PM emissions and its impact on 

atmospheric chemistry. Their study underscored how PM emissions from wildfires and agricultural burning 

contribute to climate change and regional air pollution. 

Research Paper 6. This Research Paper Proposed by Seinfeld & Pandis (2016) analyzed the role of PM in 

cloud formation and weather patterns. They found that PM₂.₅ can act as cloud condensation nuclei, altering 

precipitation patterns and potentially exacerbating extreme weather events. 
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Research Gap Identification 

 Despite extensive research on PM₂.₅ and PM₁₀ pollution, several critical gaps remain in understanding their 

long-term trends, environmental impacts, and mitigation strategies. Identifying these research gaps is 

essential for developing targeted policies and interventions to improve air quality. 

 Most existing studies focus on developed nations such as the United States, Europe, and China, where air 

pollution control policies have been extensively studied. However, there is a lack of long-term trend analysis 

in developing countries like India, Southeast Asia, and parts of Africa, where rapid urbanization and 

industrialization have led to worsening air quality. More research is needed to assess how PM levels are 

evolving in these regions and what factors drive their fluctuations. 

 Although studies have explored how PM₂.₅ and PM₁₀ influence weather patterns, there is limited research on 

their long-term climate impacts, particularly their role in radiative forcing, cloud formation, and regional 

temperature variations. Understanding how PM emissions interact with climate change is crucial for 

developing more comprehensive environmental policies. 

Flowchart 

 

 

Methodology and Experimentation 

1. Research Design 

This study employs a quantitative approach to analyze the trends of PM₂.₅ and PM₁₀ concentrations over 

time and their environmental impacts. The research integrates historical air quality data, meteorological 

parameters, and statistical modeling to examine variations in particulate matter levels across different regions 

and seasons. 

 

2. Data Collection 

 

2.1. Air Quality Data Sources 

PM₂.₅ and PM₁₀ concentration data will be obtained from multiple sources, including: 

 Government air monitoring stations (e.g., EPA, CPCB, WHO Air Quality Database) 

 Satellite-based remote sensing data (e.g., NASA’s MODIS, Sentinel-5P) 

 Open-source air quality platforms (e.g., AQICN, OpenAQ) 

The dataset will cover a minimum period of 10 years to assess long-term trends. 
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2.2. Meteorological Data 

Meteorological parameters such as temperature, humidity, wind speed, and precipitation will be collected 

from sources like: 

 National meteorological agencies 

 NOAA (National Oceanic and Atmospheric Administration) 

 ERA5 reanalysis datasets 

This data is crucial for identifying correlations between weather patterns and PM concentrations. 

 

2.3. Geographic Scope 

The study will focus on urban, suburban, and rural areas across different climatic regions to compare 

pollution levels and trends. Selected cities will include high-pollution regions (e.g., New Delhi, Beijing, Los 

Angeles) and relatively cleaner areas for contrast. 

 

3. Data Preprocessing 

To ensure data accuracy and consistency, the following preprocessing steps will be applied: 

 Data Cleaning: Removal of missing, duplicate, or erroneous values. 

 Standardization: Converting PM concentrations into uniform measurement units (µg/m³). 

 Outlier Detection: Identifying and filtering extreme values using Z-score analysis. 

4. Trend Analysis and Statistical Methods 

 

4.1. Descriptive Statistical Analysis 

Summary statistics (mean, median, standard deviation) will be computed to understand the distribution and 

variation of PM₂.₅ and PM₁₀ concentrations. 

 

4.2. Time Series Analysis 

 Seasonal-Trend Decomposition (STL): Used to separate long-term trends, seasonality, and residual 

variations. 

 Mann-Kendall Test: A non-parametric test to detect monotonic trends in PM data over time. 

 Autoregressive Integrated Moving Average (ARIMA): Applied to forecast future PM₂.₅ and PM₁₀ levels 

based on historical trends. 

 

4.3. Correlation and Regression Analysis 

 Pearson and Spearman Correlation will be used to examine the relationship between PM levels and 

meteorological variables. 

 Multiple Linear Regression (MLR): Will assess how temperature, humidity, and wind speed influence PM 

concentrations. 

Results and Discussion 

The analysis reveals a declining trend in PM₂.₅ and PM₁₀ in some regions due to stricter air pollution controls, 

while developing areas continue to face rising levels due to urbanization and industrialization. Seasonal 

variations show higher PM levels in winter due to heating emissions and temperature inversions, while 

monsoon seasons help reduce concentrations. 

Meteorological factors play a crucial role, with wind speed and precipitation negatively correlated with PM 

levels, indicating their role in pollutant dispersion and removal. Health impacts are significant, with higher 

respiratory and cardiovascular risks in areas exceeding WHO air quality limits. 

Regions implementing strict pollution control policies (e.g., China, the EU) have shown noticeable 

improvements, whereas weak enforcement in some cities has led to worsening air quality. Future strategies 

should focus on AI-based forecasting, real-time monitoring, and clean energy transitions to mitigate PM 

pollution effectively. 
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Metric PM10 PM2.5 Observation 

Particle Size ≤ 10 µm ≤ 2.5 µm PM2.5 is much finer and can 

penetrate deeper into the 

lungs. 

Visibility Impact Moderate haze Major contributor 

to haze 

PM2.5 significantly reduces 

visibility (smog, haze). 

Health Risk Medium High PM2.5 enters bloodstream; 

causes cardiovascular & 

respiratory diseases. 

Typical Sources Dust, construction, 

road traffic 

Combustion, 

vehicle exhaust, 

fires 

PM2.5 comes mainly from 

burning; PM10 from 

mechanical processes. 

Indoor Sources Cleaning, dust, 

tracked dirt 

Cooking, 

smoking, candles 

PM2.5 indoor sources are 

more harmful due to deep 

penetration. 

Airborne 

Duration 

Short (settles 

faster) 

Long (stays 

suspended) 

PM2.5 stays in air longer, 

increasing inhalation risk. 

Environmental 

Impact 

Soil & water 

contamination 

Acid rain, climate 

effects 

PM2.5 contributes more to 

long-range environmental 

damage. 

Monitoring 

Difficulty 

Easier to detect Requires high-

sensitivity sensors 

PM2.5 needs more precise 

instruments for accurate 

measurement. 

Regulation Limit 

(WHO) 

45 µg/m³ (24h), 15 

µg/m³ (annual) 

15 µg/m³ (24h), 5 

µg/m³ (annual) 

PM2.5 has stricter limits due 

to greater health risk. 
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Performance Comparison 

 

 

 

What are the Harmful Effects of PM? 

Particulate matter contains microscopic solids or liquid droplets that are so small that they can be inhaled and 

cause serious health problems. Some particles less than 10 micrometers in diameter can get deep into your 

lungs and some may even get into your bloodstream. Of these, particles less than 2.5 micrometers in 

diameter, also known as fine particles or PM2.5, pose the greatest risk to health. 

Fine particles are also the main cause of reduced visibility (haze) in parts of the United States, including 

many of our treasured national parks and wilderness areas. 
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Health and Environmental Effects of Particulate Matter (PM) 

Health Effects 

The size of particles is directly linked to their potential for causing health problems. Small particles less than 

10 micrometers in diameter pose the greatest problems, because they can get deep into your lungs, and some 

may even get into your bloodstream. 

Exposure to such particles can affect both your lungs and your heart. Numerous scientific studies have linked 

particle pollution exposure to a variety of problems, including: 

 premature death in people with heart or lung disease 

 nonfatal heart attacks 

 irregular heartbeat 

 aggravated asthama  

 decreased lung function 

 increased respiratory symptoms, such as irritation of the airways, coughing or difficulty breathing. 

People with heart or lung diseases, children, older adults, minority populations, and low socioeconomic 

status populations are the most likely to be affected by particle pollution exposure, either because they are 

more sensitive or may have higher exposures. 

 

Environmental Effects 

Visibility impairment 

Fine particles (PM2.5) are the main cause of reduced visibility (haze) in parts of the United States, including 

many of our treasured national parks and wilderness areas.   

Environmental damage 

Particles can be carried over long distances by wind and then settle on ground or water.  Depending on their 

chemical composition, the effects of this settling may include: 

 making lakes and streams acidic 

 changing the nutrient balance in coastal waters and large river basins 

 depleting the nutrients in soil 

 damaging sensitive forests and farm crops 

 affecting the diversity of ecosystems 

 contributing to acid rain effects 

Differences: 

 PM 10 PM 2.5 

Aerodynamic Diameter Smaller than 10 micrometers 

(μm) 

Smaller than 2.5 micrometers 

(μm) 

Description Coarse dust  Fine dust  

Sources Wind-blown dust, 

crushing/grinding operations, 

Burning of fossil fuels, vehicle 

emissions, power plants, 

http://www.ijcrt.org/


www.ijcrt.org                                                                   © 2025 IJCRT | Volume 13, Issue 4 April 2025 | ISSN: 2320-2882 

IJCRT2504406 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org d492 
 

agricultural works, industrial 

emissions, road traffic 

industrial processes, residential 

wood burning, forest fires, 

agricultural burning 

Health Impact Can be inhaled and cause health 

issues, but is usually filtered out 

in the throat and nasal passages 

Can penetrate the lungs, enter 

the bloodstream, and cause 

respiratory issues and worsen 

heart and lung conditions 

Indoor Sources Any type of combustion - 

primarily cooking (such as from 

office kitchens or cafeterias) 

Sweeping, carpets, mud / dust 

being brought indoors from 

people's shoes 

 

Discussion 

In recent years, the trend analysis of PM 2.5 and PM 10 has revealed a concerning increase in levels due to 

urbanization, industrialization, and vehicular emissions. PM 2.5, being smaller in size, poses a greater risk 

as it can penetrate deeper into the respiratory system, leading to various health issues such as respiratory 

diseases, cardiovascular disorders, and even premature death. Similarly, PM 10, although larger, still 

contributes to air quality degradation, resulting in adverse effects on ecosystems, vegetation, and 

biodiversity. Long-term exposure to both particulate matter types exacerbates climate change by influencing 

atmospheric composition, contributing to global warming and altering weather patterns. Effective control 

measures, such as stricter emission standards, air quality monitoring, and the promotion of green 

technologies, are crucial to mitigate their environmental and health impacts. 

Limitations of Current Research and Monitoring 

1. Data Gaps: Despite advancements in air quality monitoring, there remain significant data gaps, especially 

in low-income or remote areas. Inadequate ground-based monitoring stations and unreliable data can hinder 

accurate trend analysis. 

2. Seasonal Variability: The high variability in PM levels across seasons makes it challenging to establish 

consistent long-term trends. Meteorological factors such as wind speed, humidity, and temperature heavily 

influence particulate matter dispersion and concentration. 

3. Inconsistent Standards: Different regions have different standards for acceptable PM levels, making it 

difficult to compare trends across countries. Variations in how PM 2.5 and PM 10 are measured and reported 

can lead to inconsistencies in trend analysis. 

4. Health Data Limitations: While there is a clear connection between PM exposure and adverse health 

outcomes, comprehensive longitudinal studies that track the health impacts of PM exposure over many years 

are lacking in many parts of the world. 

5. Complexity of Sources: PM 2.5 and PM 10 come from a wide range of sources, both natural (wildfires, 

volcanic activity, dust storms) and anthropogenic (vehicular emissions, industrial processes), making it 

difficult to attribute specific trends to specific sources. 
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Conclusion 

 PM10 and PM2.5 are types of particulate matter and are both harmful air pollutants found indoor and 

outdoors. PM2.5 (fine particles) are typically more dangerous to human health. 

 Indoor sources of PM10 and PM2.5 include dust, tobacco smoke, burning of candles or incense, emissions 

from office equipment, construction or renovation activities, poor ventilation, and infiltration of outdoor air 

pollution. 

 Monitoring both PM10 and PM2.5 is important for maintaining a healthy indoor environment and 

understanding potential sources and health impacts. 

 Continuous monitoring over time is useful for detecting changes in PM concentrations, especially during 

periods of high outdoor pollution or external events like wildfires. 

 When selecting a commercial IAQ monitor, ensure it can detect both PM10 and PM2.5 for a comprehensive 

understanding of indoor air quality. 

 

References: 

1. Guttikunda, S., & Nishadh, K. A. (2022). Evolution of India's PM2.5 pollution between 1998 and 2020 using 

global reanalysis fields coupled with satellite observations and fuel consumption patterns. Environmental 

Science: Atmospheres, 2, 1502-1515.   

2. Maji, S., Ahmed, S., Siddiqui, W. A., & Ghosh, S. (2022). Trends and variability of PM2.5 at different time 

scales over Delhi: Long-term analysis 2007–2021. Aerosol and Air Quality Research.   

3. Tiwari, R., Singh, P. P., & Taneja, A. (2022). Five-year ground-based observation trend of PM2.5 and PM10, 

and comparison with MERRA-2 data over India. Asian Journal of Atmospheric Environment, 16(1), 39-49. 

  

4. Ravi Kumar, S., Ramasanyasi Rao, C., Prabhakara Rao, C., & Sree Ramani, V. (2024). Seasonal trend 

analysis of major air pollutant (PM2.5 and PM10) concentration in Visakhapatnam during 2020–2022: A 

case study. Indian Journal of Science and Technology, 17(3), 258-269.   

5. Kumar, S., & Ghosh, S. (2020). Exceedances and trends of particulate matter (PM2.5) in five Indian 

megacities. Science of The Total Environment, 750, 141461.   

6. Zhang, Y., Wang, L., & Li, J. (2024). Meteorology-driven trends in PM2.5 concentrations and related health 

burden over India. Atmospheric Research, 308, 107548.   

7. Guttikunda, S., & Nishadh, K. A. (2021). Air pollution trends over India: A 20-year analysis using satellite 

observations and ground-based measurements. Environmental Science & Technology, 55(10), 6548-6557. 

8. Sahu, L. K., Beig, G., & Yadav, R. (2019). Role of local meteorology on ambient particulate and gaseous 

species at an urban site of western India. Urban Climate, 28, 100449.  

9. Yadav, S., Satsangi, P. G., & Praveen, O. D. (2015). The effect of climate and meteorological changes on 

particulate matter in Pune, India. Environmental Monitoring and Assessment, 187(7), 1-14.  

10. Munir, S., Habeebullah, T. M., Seroji, A. R., Gabr, S. S., Mohammed, A. M. F., & Morsy, E. A. (2013). 

Quantifying temporal trends of atmospheric pollutants in Makkah (1997–2012). Atmospheric Environment, 

77, 647-655.  

These papers provide comprehensive analyses of PM2.5 and PM10 trends across various regions, 

highlighting their environmental and health impacts. 

http://www.ijcrt.org/

