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Abstract: Air Pollution is a complex mixture of gases, particles, aerosols, water vapor which has originated due to human development and 

other natural/anthropogenic activities. Its close relation to human development, complex structure containing infinite proportions of particles 

and gaseous matrix makes it more challenging towards its management. Air pollution management is lie at the interface of science and public 

policy. These decisions involve a number of stakeholders with competing agendas and vested interests in the ultimate decision .It is then 

appropriate to adopt formal methods for consensus building to ensure transparent and repeatable decisions. In this paper, different method for 

estimating the Air Quality Index is evaluated as a tool for assessing the impact of air pollution with a case study. Air Quality Index (AQI) is 

such an indicator tool which is widely used worldwide and in India since last 2-3 decades. Essentially it is used for assessing the air pollution 

hot spots in the region for delineating management and concrete actions. 

 

Index Terms - Aerosols, Air Quality Index, Air pollution management 

I. INTRODUCTION 

 

Air is one of the most essential natural resources for the existence and survival of the entire life on this planet. All forms of life including 

plants and animals depend on air for their basic survival. Thus, all living organisms need good quality of air which is free of harmful gases to 

continue their life. According to the world's worst polluted places by Blacksmith Institute in 2008 [1], two of the worst pollution problems in 

the world are urban air quality and indoor air pollution. The increasing population, its automobiles and industries are polluting all the air at an 

alarming rate. Air pollution can cause long-term and short-term health effects. It's found that the elderly and young children are more affected 

by air pollution. Short-term health effects include eye, nose, and throat irritation, headaches, allergic reactions, and upper respiratory 

infections. Some long-term health effects are lung cancer, brain damage, liver damage, kidney  damage, heart disease, and respiratory disease. 

It also contributes to the depletion of the ozone layer, which protects the Earth from sun's UV rays. Another negative effect of air pollution is 

the formation of acid rain, which harms trees, soils, rivers, and wildlife. Some of the other environmental effects of air pollution are haze, 

eutrophication, and global climate change. Hence, air pollution is one of the most alarming concerns for us today. Addressing this concern, in 

the past decades, many researchers have spent lots of time on studying and developing different models and methods in air quality analysis and 

evaluation. Air quality evaluation has been conducted using conventional approaches in all these years. These approaches involve manual 

collection and assessment of raw data. The traditional approaches for air quality prediction use mathematical and statistical techniques. In these 

techniques, initially a physical model is designed and data is coded with mathematical equations. But such methods suffer from disadvantages 

like: 1) they provide limited accuracy as they are unable to predict the extreme points i.e. the pollution maximum and minimum 2) cut-offs 

cannot be determined using such approach 3) They use inefficient approach for better output prediction 4) the existence of complex 

mathematical calculations 5) equal treatment to the old data and new data But with the advancement in technology and research, alternatives to 

traditional methods have been proposed which use big-data and machine learning approaches. In recent times, many researchers have 

developed or used big data analytics models and machine learning based models to conduct air quality evaluation to achieve better accuracy in 

evaluation and perdition. This paper is written based on our recent literature survey and study on the existing publications which focused on air 

quality evaluation and prediction using these approaches. The major objective is to provide a snapshot of the vast research work and useful 

review on the current state-of-the-art on applicable big data approaches and machine learning techniques for air quality evaluation and 

predication. As a survey paper on air quality evaluation, it begins with a general introduction to the concerns with air quality, causes and 

effects of air pollution. In Section II, it presents an understanding on air quality evaluation standards and their need. Section III reviews and 

compares big data analytics models and research work on air quality evaluation. Section IV covers and compares the machine learning models 

and research work for air quality evaluation. Section V discusses the future research needs and directions in big data and machine learning 

based air quality evaluation and prediction, and conclusion Ease of Use 
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II AREA OF STUDY  

 

Various AQI used in the country as well world over include synergistic effect estimation based on mean of the ratios of pollutant over 

guideline levels for a certain time period. These can further be classified as AQIs using various mean values viz., geometric, arithmetic mean, 

weighted average, logarithmic mean and break point concentration. Air Quality Index is the simplest Research J. Engineering and Tech. 6(2): 

April-June, 2015 2 and widely used measure of measure of overall air pollution of a region. More recently the breakpoint concentration 

method of measurement of AQI was proposed by CPCB which is for individual pollutants AQI estimation followed by max of these as 

synergistic level of AQI which may be used for decision making. This was also adopted by China and is USEPA concept of break point 

concentration level which they have adopted since last decade for their development. The pollutant with the highest AQI value determines the 

overall AQI for that hour. The four pollutants measured for the AQI are good indicators of daily air quality, but are not the only air pollutants 

which may cause health effects, such as air toxics pollutants. Additionally, the AQI does not account for temperature or pollen levels, which 

may increase sensitivity to air pollutants. 

The environmental situation in Delhi over concerns of deteriorating conditions. It was estimated that about 3000 metric tons of air 

pollutants were emitted every day in Delhi, with a major contribution from vehicular pollution (67%), followed by coal-based thermal power 

plants (12%). Significant worries for human wellbeing from presentation to PM10incorporate consequences for breathing and respiratory 

frameworks, harm to lung tissue, cancer and premature death. Elderly persons, children and people with chronic lung disease, influenza or 

asthma are especially sensitive to the effects of particulate matter. 

New Delhi is a busy metro politan city,the capital of India.InMay2014,ParticleMatter(PM) of size less than 2.5 micrometers in diameter 

measured concentrations was found to be greater than 350 micrograms per cubic meter of air in the city of New Delhi, making the city the 

most polluted city in the world as per WHO. 

This enhanced concentration of PM of various sizes in atmosphere is due to increasing automobile exhaust and increase of coal fueled 

factories in the cities. According to WHO report, Delhi is the worst polluted city in the world and the major source of the particulate matter 

i.e. solid and liquid particles of diameter less than 2.5 micrometer are the smoke coming out from industries in the city. 

 

2.1 ANALYSIS AND STUDY OF DATA 

Ozone: Ozone is a gas found in the air we breathe .Several people who are active outdoor are sensitive to ozone as ozone levels are high 

outdoors. When you do physical activity, it causes faster and deep breathing which draws more ozone into the body. Good ozone is present 

naturally in the Earth’s upper atmosphere. Bad ozone forms near the ground when pollutants react chemically in sunlight  

 

 

FIGURE.2.1 : Types of air pollutants 

Particulate Pollution: Particle pollution (also known as “particulate matter”) consists of a mixture of solids and liquid droplets. Some 

particles are emitted directly; others form when pollutants emitted by various sources react in the atmosphere. People with heart or lung 

disease are more sensitive to particulate pollution. Particulate pollution comes in 2 sizes: Fine particles (those 2.5 micrometers or less in 

diameter) and Coarse particles (particles between 2.5 and 10 micrometers). 

Sulfur Dioxide: Sulfur dioxide, a colorless, reactive gas, is produced when sulfur- containing fuels such as coal and oil are burned .Major 

source so sulfur dioxide include power plants ,refineries ,and industrial boilers .It is more commonly found near industrial complexes. 

Carbon Monoxide: Carbon monoxide is an odorless, colorless gas. It forms when the carbon in fuels does not completely burn. The major 

sources of carbon monoxide are vehicles exhaust, industrial processes, natural sources such as wildfires. Carbon monoxide can enter into the 

body through lungs and binds to hemoglobin. It is a substance in blood that carries oxygen to cells. In the body ,it (carbon monoxide) reduces 

the amount of oxygen reaching the body’s organs and tissues. 
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FIG. 2.2: PM (LIMITS OF DELHI) 
 

 
   

 

Fig. 2.3: Air Quality and Break Points 
 

 

 

2.2 AIR QUALITY EVALUATION 

  Air quality evaluation is an important way to monitor and control air pollution. The characteristics of air supply affect its suitability for a 

specific use. A few air pollutants, called criteria air pollutants, are common throughout the United States. These pollutants can injure health, 

harm the environment and cause property damage. The current criteria pollutants are: 1) Carbon Monoxide (CO) 2) Lead (Pb) 3) Nitrogen 

Dioxide (NO2) 4) Ozone (O3) 5) Particulate matter (PM) 6) Sulfur Dioxide (SO2).  The Air Quality System (AQS) contains ambient air 

pollution data collected by EPA, state, local, and tribal air pollution control agencies from over thousands of monitors. AQS also contains 

meteorological data, descriptive information about each monitoring station (including its geographic location and its operator), and data 

quality assurance/quality control information. AQS data is used to assess air quality, assist in Attainment/Non-Attainment designations, 

evaluate State Implementation Plans for Non-Attainment Areas, perform modeling for permit review analysis, and other air quality 

management functions. AQS information is also used to prepare reports for Congress as mandated by the Clean Air Act A. Air Quality 

Shtandards Office of air quality planning and standards (OAQPS) manages EPA programs to improve air quality in areas where the current 

quality is unacceptable and to prevent deterioration in areas where the air is relatively free of contamination. To accomplish this task, 

OAQPS establishes the National Ambient Air Quality Standard (NAAQS) for each of the criteria pollutants. There are two types of standards 

- primary and secondary.  1) Primary standards: They protect against adverse health effects;  2) Secondary standards: They protect against 

welfare effects, such as damage to farm crops and vegetation and damage to buildings.  Because different pollutants have different effects, 

the NAAQS standards are also different. Some pollutants have standards for both long-term and short-term averaging times. The short-term 

standards are designed to protect against acute or short-term health effects, while the long-term standards were established to protect against 

chronic health effects. Because different pollutants have different effects, the NAAQS [3] standards are also different and some of them are 
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shown in Table I. Some pollutants have standards for both long-term and short-term averaging times. The short-term standards are designed 

to protect against acute, or short-term, health effects, while the long-term standards were established to protect against chronic health effects. 

Modeling of atmospheric pollution phenomena till now has been based mainly on dispersion models that provide approximation of the 

complex physicochemical processes involved. While the sophistication and complexity of these models have increased over the years, use of 

these techniques in the frame of real-time atmospheric pollution monitoring seems not totally suitable in terms of performance, input data 

requirements and compliance with the time constraints of the problem. Instead, human experts’ knowledge has been primarily applied in Air 

Quality Operational Centers for the real-time decisions required, while mathematical models have been used mostly for off-line studies of the 

phenomena involved. As per them, air pollution phenomena have been measured by using physical reality as the start point. And then, for 

example, these data traditionally have been coded into differential equations. However, these kinds of techniques have limited accuracy due 

to their inability to predict extreme events. 

We have one important parameter called air quality index (AQI) which quantifies air quality in a region as shown in Table II. It is a number 

used by government agencies to communicate to the public how polluted the air is currently or how polluted it is forecasted to become. As 

the AQI increases, an increasingly large percentage of the population is likely to be exposed, and people might experience increasingly 

severe health effects. Different countries have their own air quality indices, corresponding to different national air quality standards. 

Computation of the AQI requires an air pollutant concentration over a specified averaging period, obtained from an air monitor. Taken 

together, concentration and time represent the dose of the air pollutant. Health effects corresponding to a given dose are established by 

epidemiological research. Air pollutants vary in potency, and the function used to convert from air pollutant concentration to AQI varies by 

pollutant. Its air quality index values are typically grouped into ranges. Each range is assigned a descriptor, a color code, and a standardized 

public health advisory. 

The AQI can increase due to an increase of air emissions (for example, during rush hour traffic or when there is an upwind forest fire) or 

from a lack of dilution of air pollutants. On a day when the AQI is predicted to be elevated due to fine particle pollution, an agency or public 

health organization might:  

 advise sensitive groups, such as the elderly, children, and those with respiratory or cardiovascular problems, to avoid outdoor 

exertion.  

 declare an “action day” to encourage voluntary measures to reduce air emissions, such as using public transportation. 

 recommend the use of masks to keep fine particles from entering the lungs 

During a period of very poor air quality, when the AQI indicates that acute exposure may cause significant harm to the public health, 

agencies may invoke emergency plans that allow them to order major emitters (such as coal burning industries) to curtail emissions until the 

hazardous conditions abate.  

Most air contaminants do not have an associated AQI. Many countries monitor ground-level ozone, sulphur dioxide, carbon monoxide, and 

nitrogen dioxide and calculate air quality indices for these pollutants. 

The definition of the AQI in a particular nation reflects the discourse surrounding the development of national air quality standards in that 

nation. Website allowing government agencies anywhere in the world to submit their real-time air monitoring data for display using a 

common definition of the air quality index has recently become available 
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TABLE 2.1: AIR POLLUTANTS AND THEIR SOURCES 

 

2.3 EFFECTS OF AIR POLLUTION 

As we know, the occurring life existence on Earth is in danger due to rapid increase of various effects such as global warming, many health 

disorders that are found I human body as well in animals. Even the food, fruits and vegetables we eat is not safe, it also get affected by 

various air pollutants. Thus, the study shows that the human beings, animals, plants and the environment surrounding them are all affected by 

the air pollution and its harmful pollutants. Air pollutants effects on human health and on environment, summarized in the table 2.2. 
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TABLE 2.1: AIR POLLUTION EFFECTS 
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III AIR QUALITY EVALUATION 

 

Now a day, it is important to the society to look for Awareness of daily levels of air pollution. AQI is a tool which is used to report the 

overall air quality status and trends based on a specific standard. In India we are using CPCB Standard for calculating air quality index or 

environment pollution index. This index gives an idea about the environmental status as air quality. And also tells the general public to 

understand how clean or pollute air is breathe daily. 

Overall this index can be used to give meaningful evaluation of air pollution to the common man. It also helps to identify the air pollution 

control policies or control equipment can reduce level of dominating pollutant. AQI is representing the cumulative effect of all the pollutant 

to show overall air quality status in better way. The AQI of specific pollutant is derived mainly from the physical measurement of pollutant 

like PM10, PM2.5, NO2 and SO2 etc. In the present study, six different methods were used to calculate ambient air quality index. 

3.1 Methods to find Air Quality Index 
 

Method I: 

 

Air quality Index (AQI) is calculated based on the arithmetic mean of the ratio of concentration of pollutants to the standard value of that 

pollutant such as PM10, PM2.5, NO2 and SO2. The average is then multiplied by 100 to get the AQI index. AQI was then compared with rating 

scale (Kaushik et al., 2006). For individual pollutant AQI was calculated by the following formula 

 

AQI =  (C/Cs)*100 

 

Where 

AQI = Air Quality Index 

C= the observed value of the air quality parameters pollutant (PM10, PM2.5, NO2 and SO2) 

Cs= CPCB standard for residential Area (CPCB, 2009) 

 

 

Method II: 

 

In this procedure AQI is calculated by taking the geometric mean of the ratio of concentration of pollutants to the standard value of that 

pollutant such as PM10, PM2.5, NO2 and SO2. AQI was then compared with rating scale. (Ravikumar et. al., 2014) 

 

Method III: 

 

Oak Ridge National Air Quality Index (ORNAQI) is used for the relative ranking of an overall air quality status. Over all AQI was estimated 

by the following mathematical equation developed by the Oak Ridge National Laboratory (ORNL), USA is given below. 

 

 
 

Air quality Index then measured and compared with relative ORAQI values (Bhuyan et al. 2010). 

 

Method IV: 

 

Air Quality Index was done for combining qualitative measures with qualitative concept of the environment. The individual air quality index 

here is calculated as follow: 

 

AQI = (W * C)/Cs 
 

Where 

AQI = Air Quality Index 

W= Weighted of Pollutant 

C= the observed value of the air quality parameters pollutant (PM10, PM2.5, NO2 and SO2) 

Cs= CPCB standard for residential Area (CPCB, 2009) 

 

Method V: 

 

Air Quality Index was done based on dose response relationships of pollutants to obtain break point concentration.(USEPA, 2006,CPCB 

2014) The individual air quality index for a given pollutant concentration (Cs) as based on linear segmented principle is calculated as 

 

 

 
 

 

Where 

BHI = Breakpoint concentration greater or equal to given Concentration 
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BLO = Breakpoint concentration smaller or equal to given Concentration 

IHI = AQI value corresponding to B􀀨􀀨 

ILO = AQI value correspond to B􀀨􀀨 

Finally; 

AQI=Max (Ip) (where p=1, 2, 3…n; denotes n pollutants) 

Data obtained from monitoring of ambient air at Residential site is used to calculate the air quality index (air pollution index) for critical 

parameter. Different AQI were estimated for various months and varying results were observed ranging from good to unacceptable for 

the same set of data. This may be due to eclipsing effect of the values used in the formulas. The statistical theory behind these AQI 

makes it more prone to variations viz. the use of means from simple arithmetic to logarithmic and weighted averages to use of 

breakpoint concentration as basis of estimation. As reported in USEPA, CPCB, 2014, the breakpoint concentration based AQI is more 

robust and can be used for decision making. Accordingly, the AQI values are calculated based on Break Point concentration for 24 

hourly averages for PM10, PM2.5, SO2 and NO2 concentrations and are categorized as satisfactory to moderate during the study period 

at the residential site. 

 

 

Fig. 3.2:  Variation in air quality index in the study area during May-June (2014) 

 

Fig. 3.3:  Variation in air quality index in the study area during June-July (2014) 
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Fig. 3.4:  Variation in air quality index in the study area during Aug- Sept (2014) 

 

 

 
 

Fig. 3.5:  Variation in air quality index in the study area during Sept-Oct (2014) 

 

 

 
Fig. 3.6:  Classification of air quality index in the study area during study time 

 
The diurnal variation of different AQI has been shown in figure 3.2, figure 3.3, figure 3.4, and figure 3.5 for the month of May-June, June-

July, July-August, August- September 2014 respectively .AQI values calculated for PM10 is found in the Satisfactory, PM2.5 in Poor and NO2 

and SO2 in Good category during May-June 2014. While they were found as PM10: Satisfactory, PM2.5: Moderate and NO2 and SO2 in Good 

category during June-July 2014. The AQI values calculated for PM10 is found in Good category, PM2.5 in the Moderate, NO2 and SO2 is 

coming in the range of Good in July-August 2014. AQI values calculated for PM10 is coming in the Good, PM2.5 is coming in the 

Satisfactory, NO2 and SO2 is coming in the range of Good in August-September. AQI values calculated for PM10 is coming in the 
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Satisfactory, PM2.5 is coming in the Poor, NO2 and SO2 is coming in the range of Good in September-October 2014. The overall Air Quality 

Index was found to fall under the category of satisfactory to moderately polluted area (figure.3.6). 

 

3.2  OCCURRENCE OF POLLUTANTS  

 

In order to study the frequency and occurrence of individual pollutant in diurnal variation study factor analysis method through SPSS 13.0 

software is used (Anikender et al. 2011). The frequency of occurrence of different pollutant has been shown in figure 8. It has been observed 

that occurrence of particulate matter is more as compared to other pollutant in all the seasons from May to October 2014. PM10 is found more 

polluting parameter as compared to PM2.5, SO2 and NO2 with variance of average as 62%. 

 

 
Fig. 3.7: CPCB 2014 Individual pollutant classification in the study area during study 

 

Based on break point concentration, AQI of individual pollutant has been shown in figure. 3.7. It has been observed that Particulate matter 

(PM2.5) is satisfactory, SO2 and NO2 is Good from May- October 2014. While PM10 is to be appear in moderate to poor from May- October 

2014. This PM10 is factor which is the major pollutant for causing the overall air quality reduction. Source of PM10 may be thermal power 

plant, small medium scale industry and vehicle etc. PM10 may cause lot of respiratory problem to human health (Ekpenyong et. al. 2012). 

 

 

IV EXPERIMENTAL WORK 

 

This research work is focused to find out how our country’s  global  warming is getting affected by the pollution from industries or from the 

harmful gases coming from electronic items. We basically have data of all the pollution causing gases of  major cities in India. So as to find 

the air quality index by doing processing over it using hadoop and R language and analyzing it for getting the acquired results.  Moreover we 

are trying to analyze the temperature of those cities so as to find how much air pollution exists in that city as well as how to control them so 

as to control the global warming and destructions caused by global warming. We have data for this which contains the temperature of the 

cities from 1960 to 2018 so with the help of them we can find how pollution in affecting day by day. And we have data of total greenhouse 

gas emissions of all the countries so by which we can conclude how greenhouse gases affecting the world from 1960 till 2018 and fir that we 

have to find out the solutions how can we control greenhouse gas emissions. 

Data Description:-   

There is a data of harmful gases in all cities of India which are affecting the global warming of the country and with that too temperature of 

the cities from 1960 to 2018 in csv format. And also have data of total greenhouse gas emissions of all the countries so by which we can 

conclude how greenhouse gases affecting the world from 1960 till 2018 in csv format only. 

These files are extracted and loaded into Hive. The data is further processed, transformed, and analyzed to get which area is mostly affected 

by which gas and what could be stopped so that the air pollution get decreased and we get a good air quality index. 

V ISSUES, CHALLENGES, AND NEEDS 

San Francisco Bay selected to conduct air quality evaluation for using selected big data analysis approaches and machine learning models. 

Based on literature and experience, we highlight some research issues, challenges, and future needs. Issues #1: Data quality and validation 

issue - There are lots of sensor data quality issues which affect the accuracy of air quality evaluation and assessments due to device faults, 

battery issues, and sensor network communication problems. This brings the first need below.  

Need #1: Research demand in big data quality assurance – As pointed out in [22] by Jerry Gao et al., there is a strong need in big data 

quality assurance research in data quality modeling, automatic real-time validation methods, and tools to increase the accuracy of air quality 

evaluation.  

Issue #2: Real-time air quality monitor and supervision for  air resources - As the advance of smart sensing and IoT, more and more 

environmental sensors (including air sensors and networks) have been installed and deployed for many air resources. However, there is a 

lack of integrated real-time big data based air quality evaluation and monitor environments for smart cities to support dynamic air quality 

evaluation, monitor, and supervision management. Air in a city could be considered as a multi-level air system which is impacted by multiple 

factors like pollutant emission levels, location, time, wind speed etc. The air quality on all levels usually affect each other.   
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Need #2: Research and development of real-time air quality monitor and evaluation systems supporting air quality evaluation and 

analysis on multiple levels. 

 This demand is caused by the lack of the existing research work addressing the air quality impacts on different levels due to air pollution 

from a special air source. This suggests the demand on an integrated real-time air quality monitor and evaluation system based on sensor 

networks and IoT infrastructures at the different levels.  

Issue #3: Big data modeling issues for dynamic air quality monitor and analysis at the different levels for smart cities - Most 

published research work applied big data analytics approaches and used one specific machine learning technique for air resource at specific 

level in a limited location (or a region) during an interested time. The air system for a future smart city must support real-time air quality 

monitor, evaluation, and prediction.   

Need #3: This implies that we need to develop integrated and dynamic air quality models using hybrid machine learning models to address 

these factors: a) the nature of dynamic wind flow, b) both single-input time series and multiple input time series, c) dynamic quality impacts 

on different atmospheric levels.   

VI .CONCLUSION & FUTURE SCOPE 

With the advancement of IoT infrastructures, big data technologies, and machine learning techniques, real-time air quality monitor and 

evaluation is desirable for future smart cities.   This paper reports our recent literature study, reviews and compares current research work on 

air quality evaluation based on big data analytics, machine learning models and techniques. Finally, it highlights some observations on future 

research issues, challenges, and needs The future aim is to examine the interaction of pollutant mixtures and weather on health and health 

inequalities, now and in the context of future air quality and climate policies. 
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