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[bookmark: _Toc77593737]ABSTRACT


Ambient PM2.5 can cause far-reaching health effects in humans. Indian cities routinely experience much higher PM2.5 concentrations than the Indian National Ambient Air Quality Standards and World Health Organization standards throughout the year. The objective of the this study is to estimate the short-term and long-term health effects of PM2.5 in Indian metropolitan cities namely Delhi, Mumbai, Kolkata, and Chennai for the years 2019 and 2020. The years are chosen to evaluate whether the COVID-induced lockdown had any effect on the mortalities and morbidities associated with ambient PM2.5. Health risks were assessed using WHO’s AirQ+ v2.0 software. All-cause (natural) mortality (ACNM) and mortality from acute lower respiratory infection (ALRI), chronic obstructive pulmonary disease (COPD), ischaemic heart disease (IHD), lung cancer (LC), cerebrovascular disease (Stroke), and all-cause morbidity natural (ACM) and morbidity from cardiovascular disease(CVD) and respiratory disease (RD) were assessed. The annual mean PM2.5 concentration in all selected cities was higher than the standards of WHO (10 μgm-3) throughout 2019 and 2020. The excess number of long-term and short-term effects cases were found to be highest in Delhi for both years, which is 31592and 28688 for ACNM, 284 and 271 for ALRI, 2825 and 2674 for COPD, 3541 and 3309 for LC, 11525 and 11101 for IHD, 11082 and 10557 for Stroke and 28704 and 24643 for ACM, 1153 and 983 for CVD, 6858 and 5862 for RD for 2019 and 2020 respectively.
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[bookmark: _Toc77593739]INTRODUCTION

Air pollution is caused by the presence of pollutants in the environment that are hazardous to the health of mankind and other living creatures or that cause damage to the climate or materials. Air pollutants include gases (such as ammonia, carbon monoxide, sulphur dioxide, nitrous oxides, methane, and chlorofluorocarbons), particles (both organic and inorganic), and biomolecules. Air pollution is a major risk factor for a variety of pollution-related illnesses, such as respiratory infections, heart disease, COPD, stroke, and lung cancer (1). 

Ambient PM2.5 concentrations have been related to several health effects, especially on the cardio-respiratory system, according to epidemiological studies (2). PM2.5 is described as particulate matter with an aerodynamic equivalent diameter ≤ of 2.5µm (3). A study by World Health Organisation (WHO) that indicates that7 million global deaths per year are caused due to the long exposure to PM2.5 concentration, and the regions which are affected  are Southeast Asia and the Western Pacific Regions. These deaths are due to ischaemic heart disease stroke (33%), ALRI (8%), (IHD) (36%), COPD (17%), and lung cancer (LC) (6 %) (1).

India has four major metropolitan cities that are New Delhi, Kolkata, Chennai, and Mumbai where the population is more than 4 million in India (4) as per the latest census record. These areas are heavily inhabited because of heavy industrial and economic activity, which leads to high ambient PM2.5 concentrations throughout the year. India's capital city, Delhi has a population of nearly 16.5 million and the annual average concentration (AAC) of PM2.5 is always above 100 μgm-3 throughout the year in Delhi (5), which is 10 times the WHO standards. Kolkata, the city in eastern India has a population of around 4.4 million (6) and PM2.5 AAC as 86.12 μgm-3 (7), which is ~ 8 times the WHO standards. Chennai is the coastal city in southern India having a population of around 4.6 million and PM2.5 AAC as 63.15 μgm-3 (8), which is ~ 6 times the WHO standards. Mumbai is the financial capital of India, lies in the central part, and has a population of around 10.3 million and PM2.5 AAC as 46 μgm-3 (9) which is ~ 4 times the WHO standards.

Due to the COVID-19 pandemic, these four metropolitan cities were subjected to different lockdown phases during 2020 and have thus experienced lesser PM2.5 concentrations in 2020. The average reduction in PM2.5 concentration in these metropolitan cities was Kolkata (63.4%) followed by Mumbai (56.4%), Chennai (48.5%), and New Delhi (21.3%) (10). This study aims to assess the human health risks attributed to the ambient PM2.5 during 2020 (the lockdown period) and compare the findings to those in 2019. This will assist the regulatory bodies in taking appropriate decisions looking at how the human health risks are changing with reducing/controlling PM2.5 concentrations










[bookmark: _Toc77593740]1.1 How does air pollution affects respiratory health?

Air pollution has a wide variety of effects on respiratory health, from mild upper respiratory irritation to chronic respiratory and heart disease, lung cancer, and acute respiratory infections; it can also aggravate pre-existing heart and lung disease. Long-term and short-term exposures have been associated with early death and decreased life expectancy.
PM, O3, NO2, SO2, and CO are the pollutants with the most evidence of harming respiratory health. PM is used as an indication of air pollution and is typically classified according to particle size. 1,3–5 PM10–2.5.6 refers to coarse particulate matter with an aerodynamic diameter of 10 m to 2.5 m. PM2.5 is fine particulate matter with an aerodynamic diameter of fewer than 2.5 m that can go deep into the lung (Figure 1.1). 

[image: ]
[bookmark: _Toc75811020]Fig. 1.1.  The size of particulate particles with their size.
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[bookmark: _Toc75811021]Fig. 1.2. PM2.5  sources, size, and health effects








[bookmark: _Toc77593741]1.2 Respiratory Health Effects

These are the respiratory symptoms that are caused due to exposure to air pollution (irritation, runny nose, cough, nasal congestion, phlegm, chest discomfort, dry or irritated throat). 
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[bookmark: _Toc75811022]Fig. 1.3. Symptoms due to air pollution
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[bookmark: _Toc77593743]LITERATURE REVIEW

The threat of air pollution is determined by the pollutant's hazard and the amount of exposure to that pollutant. Air pollution exposure can be represented for an individual, certain groups (for example, neighbourhoods or children living in a country), or whole populations. Air pollution has an immediate and chronic influence on respiratory health, affecting several adverse effects on organs. Air pollutants such as  PM, O3, NO2, SO2, and CO cause respiratory symptoms by affecting different sections of the respiratory tract through several processes and can cause many health effects like chronic obstructive pulmonary disease (COPD), ischaemic heart disease (IHD), lung cancer (LC), cerebrovascular disease (Stroke), and all-cause morbidity natural (ACM) and morbidity from cardiovascular disease(CVD) and respiratory disease (RD), etc. Some studies that have been conducted to calculate the human health impacts of air pollution are presented below.










N. Manoj Kumar and B. Srimuruganandam (2019):

PM is a dangerous air pollutant that may cause a range of health problems. In the list of most polluted cities bye WHO, Indian cities ranked top in this list. The current study aims to investigate PM trends, as well as the short- and long-term health effects of PM in major Indian cities. The AirQ+ software has been used to evaluate hospital admissions and deaths caused by PM. Most cities' annual PM concentrations surpass India's National Ambient Air Quality Standards. Trend analysis is done and found that peak PM concentrations were observed during the post-monsoon and winter seasons. The male (female) population is anticipated to have 31,307 (28,009) and 5460 (4882) hospital admissions, respectively. In 2017, PM2.5 was responsible for a total of 1,27,014 fatalities. Cities with high levels of particulate matter and a susceptible population are more likely to die or be hospitalized.

Afghan, F. R. and Patidar, S. K. (2019)

This study analyzed the impact of PM2.5, PM10, and NO2 on human health. Indian cities routinely experience much higher PM2.5 concentrations than the Indian National Ambient Air Quality Standards and World Health Organization standards throughout the year. The objective of this study is to estimate the short-term and long-term health effects of PM2.5 in Indian metropolitan cities namely Delhi from the years 2013 and 2018. Health risks were assessed using WHO’s AirQ+ v1.3 software tool integrated with Ri-MAP, with 80 percent of the entire population susceptible to air pollution included. All-cause (natural) mortality (ACNM) and mortality from acute lower respiratory infection (ALRI), chronic obstructive pulmonary disease (COPD), ischaemic heart disease (IHD), lung cancer (LC), cerebrovascular disease (Stroke), and all-cause morbidity natural (ACM) and morbidity from cardiovascular disease(CVD) and respiratory disease (RD) were assessed. The annual mean PM2.5 concentration in all selected cities was higher than the standards of WHO (10 μgm-3) throughout 2013 and 2018. The excess number of long-term and short-term effects cases were found to be in 2013 were 48332, 2729, 5645, 26853, 22737, 120754, 34510, 5125, 9813, 3054, 17203, and 682, respectively. It has been increased and cases were found in 2018 were 72254, 3471, 6547, 7568, 32358, 28233, 150110, 50810, 9019, 862, 29570, and 1189, respectively.

Mohsen Ansaria, Mohammad Hassan Ehrampoush (2018)

In this study they have assessed the mortality using AirQ+ due to exposure to particulate matter smaller than 2.5µm. They have also found the relationship between the particulate matter and metrological variables and also in Tehran estimated the all cause of mortality, ALRI, LC, IHD and COPD caused by exposure to PM2.5. The data used in this study was collected from official government departments like population, particulate matter and base line incidents rates in Tehran. Throughout the study for determining the relationship between meteorology and PM correlation analysis was used. The results are obtained from this study is that PM shows a relation with monthly temperature and humidity in Tehran and the no of cases that are obtained for  the all cause of mortality, ALRI, LC, IHD and COPD are 6710, 27, 135, 3797 and 172 respectively. According to the results of the association study between PM2.5 and the no. of cases, an increase of 1µg/m3 of PM2.5 is predicted to add roughly 27 instances to air pollution mortality in Tehran.


B.R. Gurjar, A. Jain, A. Sharma, A. Agarwal, P. Gupta, A.S. Nagpure, J. Lelieveld (2010)

This study is done to find out the long term and short term effects due to the air pollutants in megacities. A new model called Ri-MAP  is used to predict the additional no. of fatalities and illnesses. To evaluate the health impact due to air pollutants like SO2, TSP, and NO2 concentration-response and a population attributable-risk percentage idea is used by using WHO ambient concentration. In this study, the megacity which is considered from these cities certain megacities, such as Los Angeles, New York, Osaka, Kobe, Sao Paulo, and Tokyo, have very low no. of cases for mortality from these pollutants. The highest no. of cases found in Karachi is 15,000/yr with having a high concentration of  TSP which is about (w670 mgm3). Cardiovascular death rates are high in Dhaka at 7000/yr, Beijing 5500/yr, Karachi 5200/yr, Cairo 5000/yr, and Delhi 3500/yr. Dhaka and Karachi are the top most polluted cities with 2100 more cases than others per year and Osaka -Kobe and Sao Paulo are the bottom-most cities with w20/yr and 50/yr respectively. As we know air pollution is increasing day by day in megacities these figures should be considered as a minimum because the data which we have considered is limited up to 2000 and it does not contain all the pollutants like O3. So to avoid these cases of morbidity and mortality countries have to take some steps to control the levels of pollutants. 






Amrit Kumar, Rajeev Kumar Mishra (2018)

This study is done to find out the long term and short term effects due to the air pollutants in New Delhi (NCT) and 36 transport corridors are considered. This study is based on the Ri-MAP model to evaluate the health impact due to air pollutants like PM10, PM2.5, SO2, and NO2 in 2016. They have divided the area into 4Km2 grid size near every corridor and by considering the WHO guidelines mortality and morbidity of this population are evaluated and the results which are evaluated indicate the high level of vehicular traffic in that area. ISBT Flyover (365, 1399, and 2136) had the largest number of extra instances of respiratory, cardiovascular, and total mortality, followed by Wazirabad Road (362, 1378, and 2096). These two areas have the highest no. of morbidity which is no. of people admitted in hospital with COPD and cardiovascular disease cases were 18,979 and 4762, respectively. Furthermore, it is observed that cases are high near Delhi’s megacity beside the 4Km2 area and producing a very realistic image of traffic-related human health risk in diverse residential and non-residential areas. These types of studies help not only in improving the design of transport corridors but also assist health institutions in regulating an excess of such unique patient records in the city and throughout the country.






[bookmark: _Toc77593744]CHAPTER 3
[bookmark: _Toc77593745]METHODOLOGY

[bookmark: _Toc77593746]3.1 Study Area

In this study, we have taken four major metropolitan cities of India that are Delhi (28.7041° N, 77.1025° E), Mumbai (19.0760° N, 72.8777° E), Chennai (13.0827° N, 80.2707° E), and Kolkata (22.5726° N, 88.3639° E) with geographic area 1483km2, 603.4 km2, 426km2 and 206.1km2 respectively that are shown in Fig. 1. 

[image: ]
[bookmark: _Toc75811023]Fig. 3.1. Study area map with the location of the metropolitan cities.

According to a WHO assessment of 1,650 international cities, the air quality in Delhi, India's capital region, is the worst of any large city in the world. It also has an impact on the areas surrounding Delhi. Air pollution is projected to kill around 2 million people in India each year, making it the country's fifth leading cause of death. According to the WHO, India has the highest death rate from chronic respiratory illnesses including asthma in the world. Poor air pollution in Delhi permanently affects the lungs of 2.2 million youngsters or half of all children.
From January and September, the AQI in Delhi is typically Moderate (101–200), but it rapidly deteriorates to Very Poor (301–400), Severe (401–500), or Hazardous (500+) levels owing to a variety of causes such as stubble burning, road dust, vehicle pollution, and cold temperatures. The Great Smog of Delhi occurred in November 2017, when air pollution levels exceeded permissible limits. PM2.5 and PM10 particulate matter levels reached 999 micrograms per cubic meter, above the acceptable limits of 60 and 100, respectively.
Owing to the excessive density of cars, Mumbai and other Indian metropolitan cities are somewhat more susceptible to air pollution, which is followed by building activities, manufacturing areas, open burning, and landfill sites, all of which have degraded the air quality standard of these cities. The city's unusual climate and key geographical position contribute to air pollution.
The city's population has increased rapidly, reaching 1.24 crores, making it the world's fourth most populous metropolis. Increased population has a negative influence on natural resources and the environment. It has also resulted in a rise in the city's pollution levels. Higher traffic density leads to increased emissions in the environment. Transportation is a major source of pollution in the environment. Carbon dioxide, carbon monoxide, nitrogen oxide, unburned hydrocarbons containing lead, particulate matter, and other pollutants are emitted by these vehicles. CO is the most significant pollutant emitted by the transportation industry, accounting for about 90% of total emissions. 
Chennai is one of the important coastal megacities in India. It is located on the eastern coastal side of South India. Many industries have come up in the city over the past two decades which are located near the coast. Due to changes in the roughness length and difference in land and sea temperatures, the sea breeze is developed and Thermal Internal Boundary Layer is observed. Due to this, all the pollutants released from the industries will be dispersed towards the inland and in turn, affect the environment and health. Tamil Nadu is located at the southernmost tip of the Indian peninsula. Chennai is the state's capital as well as an important district. The city is one of India's megacities and acts as a gateway to South Indian culture. Chennai is located on the shores of the Bay of Bengal in the northeast corner of Tamil Nadu. It is located on a sandy shelving breaker-washed beach between 12* 9' and 13* 9' of northern latitude and 800 12' and 800 19' of southern longitude. It continues inland in a rocky semi-circular pattern from Thiruvanmiyur in the south to Thiruvottiyur in the north for about 25.60 kilometers along the Bay shore. It is bordered on the east by the Bay of Bengal. 

Kolkata, one of India's fastest expanding metropolises, is now suffering a similar issue. The migration of a huge population from rural regions is putting enormous strain on the city's infrastructure, making appropriate management difficult. As a result, the city's pollution level has been rising at an alarming rate in recent years. The amount of air pollution in Kolkata is caused by many variables. One of the most important factors is transportation. Transportation is the most polluting industry due to an abundance of badly maintained cars, the usage of gasoline fuel (although the government is working to phase out these vehicles), and inadequate regulation. Furthermore, there are three thermal power plants in and near Kolkata, which has an impact on air quality. Along with these two big contributors, other small enterprises in the city contribute to air pollution. The study also reveals the role of generators used during power outages in polluting the city's air to some extent.

[bookmark: _Toc77593747]3.2 Data collection and analysis

[bookmark: _Toc77593748]3.2.1 Ambient PM2.5 concentration data

For all the four study locations, the 24-hour PM2.5 concentration was collected from the CPCB official website (11) (https://cpcb.nic.in/) for all the stations mentioned in Table 1 for a given city. The stations chosen for this study were selected based on data availability. The stations where at least 80% of the data during the study period was available were considered. For any given day, the arithmetic average of the PM2.5 concentration at all the stations in a given city was calculated to arrive at the final PM2.5 concentration for that city. The data was collected from January 2019 – December 2020 covering the entire 2 years.





	City
	Total number of stations
	Number of stations considered
	Names of stations considered

	
	
	2019
	2020
	2019
	2020

	Delhi
	40
	36
	36
	Alipur, Anand Vihar, Ashok Vihar, Bawana, CRRI, Dr.Karni, DTU, Dwarka, IGI Airport, IHBAS Dilshad Garden, ITO, Jahangirpuri, JLN, Lodhi Road IMD, Major Dhaynchand, Mandir Marg, Mundka, Najafgarh, Narela, Nehru Marg, North Campus, NSIT, Okhla, Partparganj, Punjabi Bagh, PUSA DPCC, PUSA ITM, RK Puram, Rohini, Shadipur, Sirifort, Sonia Vihar, Sri Aurobindo, Vivek Vihar, Wazirpiur

	Mumbai
	19
	1
	9
	Bandra
	Bandra, Borivali, Chhatrapati Shivaji Airport, Kurla, Powai, Sion, Vasai, Worli

	Chennai
	8
	3
	4
	Alandur, Manali, Velachery
	Alandur, Arumbakkam, Kodungiyar, Manali Village, Perungundi, Royapuram, Manali, Velachery

	Kolkata
	7
	2
	7
	RBU, Victoria
	Ballygunge, Bidhannagar, Fort William, Jadhavpur, Rabindra Saro, RBU, Victoria


[bookmark: _Toc75812999]Table 1. Station Considered for Calculating Annual Average PM2.5 2019 and 2020.












[bookmark: _Toc77593749]3.2.2 Population Data

Population data were obtained from the Census of India 2011 (6), and age-wise population data for 2017 was collected from (12). Based on this data, the population for the years 2019 and 2020 was projected using the geometric mean method following Eq. 1:
           Eq. (1)
where Pº is the population at nth decade, P is present population, r is the growth rate, n is no. of the decade. The present population for these cities was taken as the 2011 population. The present population and the projected population are given in Table 2.
[bookmark: _Toc75813000]Table 2. Population Census Data for the years 2019 and 2020.
	
City
	
	
Population

	
	
2011
	
2019
	
2020

	
Delhi
	
16,787,941
	
19,579,406
	
19,959,506

	
Mumbai
	
12,442,373
	
13,260,927
	
13,366,962

	
Chennai
	
4,646,732
	
4,904,443
	
4,937,646

	
Kolkata
	
4,496,694
	
4,273,837
	
4,255,311




[bookmark: _Toc77593750]3.3 Human health risk assessment using WHO’s AirQ+ Software

AirQ+ is a software tool for quantifying the health burden and impact of air pollution developed by the WHO Regional Office for Europe. AirQ+ includes in a user-friendly way methodologies to assess the effects of long-term and short-term exposure to ambient air pollution.1 It works with the following pollutants: particulate matter with a diameter of 2.5 μm or less (PM2.5) or with a diameter of 10 μm or less (PM10), nitrogen dioxide, ozone, and black carbon. AirQ+ can estimate the effects of household air pollution related to solid fuel use. Various health outcomes related to mortality and morbidity, both in terms of acute and chronic conditions can be considered in the calculations.

Further, AirQ+ is used to evaluate the extent of the effects of air pollution on human health. WHO default measures of Relative Risk (RR) per 10μgm-3 rise of 24-hr average PM2.5 and baseline incidence (BI) values per 100,000 population is assumed to be associated with the related disease and likely mortality and morbidity as seen in Table 3 (13). The values for RR and BI were taken from the literature. To find the long-term and short-term effects of air pollution certain values are needed that are air quality data (annual average PM2.5 data), population data that are at risk, and health data that are baseline rate of health outcome. A cut-off value is considered for the long term it is 10 μgm-3 and for the short term, it is 25 μgm-3 (14). The RR is evaluated by Eq-2 (15)
        Eq. (2)
Where β is a CI (95 percent CI) that depends on the sort of health endpoint., x is the concentration of pollutants, xº is the value of counterfactual. The attributable percentage (AP) is the ascribed fraction of a health result caused by exposure in a given population during a set period, and it may be calculated using Eq-3. (15)
           Eq. (3)
Where RR is the relative risk and the proportion of the population in the category of exposure is denoted by p(c) (c). For a certain BI of the selected health outcome, The no. of cases per unit population (BE) in the population may be estimated using Eq. (4) (15).

        Eq. (4)

N is the size of the population, the number of attributable cases (NE) can be estimated by Eq.(5) (15).

       Eq. (5)

For any of the health result pairs used in the research, AirQ+ used some of the default relative risk values. To evaluate the relative risks of different concentrations, the linear log approach has been used. The excess no. of cases (ENAC) is the Estimated no. of attributable cases evaluated by the AirQ+ software.









[bookmark: _Toc77593751]3.3.1 Procedure to calculate the health effects due to PM2.5.

Step 1 - This is the welcome window of the AirQ+ software shown in Fig.1 and then for calculating the impact assessment click on the plus sign and create a new analysis shown in Fig.2.

[image: ]
[bookmark: _Toc75811024]Fig. 3.3.1.1. AirQ+ welcome window
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[bookmark: _Toc75811025]Fig. 3.3.1.2. AirQ+ toolbar for managing projects



Step 2 - After creating the new impact assessment window will open shown in Fig.3 and Fig.4 from here you can select the parameters you want to calculate.


[image: ]
[bookmark: _Toc75811026]Fig. 3.3.1.3. AirQ+ Create New Analysis: New Impact Assessment window

In the New Impact Assessment window (Fig. 4), select ambient pollution, long-term effects, and the pollutant PM2.5 and click OK.
For this straightforward, straightforward assessment, only the mean value is required. Select the Input Mean Value option in the Analysis Properties window and type 27.95 g/m3 in the Mean Value field. In the Total Population field, type "1690109." (Fig. 5). Because AirQ+ does not analyze the entire population, the user can think of this as additional descriptive data.
[image: ]
[bookmark: _Toc75811027]Fig. 3.3.1.4. AirQ+ New Impact Assessment window for ambient air pollution 





Step 3 – Insert the required data in the given fields like population, city name, years, PM2.5  values, etc.

[image: ]
[bookmark: _Toc75811028]Fig. 3.3.1.5. AirQ+ Analysis Properties window for ambient air pollution 

Click the “Create new Impact Evaluation” button (Fig. 5) to go to the Impact Evaluation window (Fig. 6) and then enter the following data:
Step 4 – Now, select the disease in the evaluation name and enter the relative risk, cut-off values, and other values from table 3.
· evaluation name (for example: AAP7 PM2.5 long-term adult mortality);
· mortality incidence for adults (≥ 30 years), all-natural causes, per 100 000 population: 939.73;
· the total number of adults (≥ 30 years) exposed to the pollutant: 1156588; the user can either enter a number that is less than the total population previously inputted in the Analysis Properties window (Fig.5) or the percentage of the total population
· the default relative risk values for all-cause mortality: 1.062 (95% CI: 1.040–1.083);9 and
· the default cut-off value recommended by 2005 WHO AQG: 10 μg/m3; (AirQ+ calculates the burden or impact of exposure when this concentration is exceeded).
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[bookmark: _Toc75811029]Fig. 3.3.1.6. AirQ+ Impact Evaluation window for ambient air pollution 
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[bookmark: _Toc75811030]Fig. 3.3.1.7. AirQ+ results for ambient air pollution

The Results window indicates that 1112 premature deaths (central estimate; Fig. 7) caused by long-term exposure to PM2.5 could be “avoided” if the concentration of PM2.5 would not exceed 10 μg/m3, the threshold recommended by 2005 WHO AQG. The values in the Lower and Upper columns correspond to the estimates calculated with, respectively, the lower and upper confidence interval limits of the relative risk. This range is the 95% CI based on the uncertainty in the relative risk values for all-cause mortality that the user entered when creating the Impact Evaluation and shows some of the uncertainty associated with the estimates.
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[bookmark: _Toc77593754]4.1 PM2.5  trend in Indian metropolitan cities
The 24-hr average PM2.5 concentration in four selected metropolitan cities is shown in Figs. 2,3,4 and 5. Highest annual average concentration was observed in Delhi (108.6 ± 84.47 μgm-3 ), (94.43 ± 79.54 μgm-3 ) followed by Kolkata (72.31 ± 58.68 μgm-3), (48.69 ± 43.77 μgm-3) and Chennai (46.27 ± 25.91 μgm-3), (30.32 ± 12.69 μgm-3) in 2019 and 2020 respectively. Mumbai has the lowest PM concentration among all the selected cities (32.73 ± 20.89 μgm-3) in 2019 and (37.11 ± 26.74 μgm-3) in 2020. While all the four cities have annual average PM2.5 concentrations exceeding the Indian NAAQS standard of 40 μgm-3 except Mumbai, but the concentrations in all the four cities exceed the WHO standard of 10 μgm-3.


[bookmark: _Toc75813001]Table 3. World Health Organisation specified default values for RR and BI.
	
Pollutant
	
Mortality/Morbidity
	
Relative Risk(RR)
(95%CI) per 10μg/m-3
	
Baseline Incidence
Per 100000 (I)
	
References

	Long-term effects, cut-off value for PM2.5 = 10 μgm-3

	









PM2.5
	Mortality, all natural
cases (adults age 30+ years)
	1.062(1.04-1.083)
GBD 2015/2016
	1013
	(16)

	
	Mortality due to
ALRI for children (0-5 years)
	(INTERGRATED FUNCTION 2016)
GBD 2015/2016
	49
	(16)

	
	Mortality due to
COPD for adults( 25+ year)
	(INTERGRATED FUNCTION 2016)
GBD 2015/2016
	101
	(16)

	
	Mortality due to
LC for adults (25+ years)
	(INTERGRATED FUNCTION 2016)
GBD 2015/2016
	132
	(16)

	
	Mortality due to
IHD for adults (25+ years)
	(INTERGRATED FUNCTION 2016)
GBD 2015/2016
	436
	(16)

	
	Mortality due to
Stroke for adults (25+ years)
	(INTERGRATED FUNCTION 2016)
GBD 2015/2016
	436
	(16)

	
	Short-term effects, cut-off value for PM2.5 = 25 μgm-3

	
	Hospital admission
respiratory disease
	1.019(0.9982-1.0402)
	1260
	(16)

	
	Hospital admission cardiovascular
disease including stroke
	1.0091(1.007-1.0166)
	101
	(16)

	
	Mortality all natural
cases 30+ years
	1.0123(1.0045-1.0201)
	1013
	(16)

	ICD: International Classification of diseases; ALRI: Acute lower respiratory infection; COPD: Chronic obstructive pulmonary disease; IHD: Ischaemic heart disease; LC: lung cancer; BI: Baseline incidence per 100000 has been adopted as per WHO default values; GBD: Global burden disease





As per (17) Indian Metrological Department, the seasons are divided as winter (January – February), pre-monsoon (March-May), monsoon (June – September), and post-monsoon (October – December). The order of the seasonal average PM2.5 for Chennai, Mumbai, and Kolkata followed: winter > post- monsoon > pre- monsoon > monsoon. However, for Delhi maximum average PM2.5 concentration was observed in post-monsoon followed by winter, pre-monsoon, and monsoon having the least concentration through 2019 and 2020.


[bookmark: _Toc75811031]Fig. 4.2.1. The trend of PM2.5 concentration in Delhi in 2019 and 2020.


[bookmark: _Toc75811032]Fig. 4.2.2. The trend of PM2.5 concentration in Mumbai in 2019 and 2020.



[bookmark: _Toc75811033]Fig. 4.2.3. The trend of PM2.5 concentration in Chennai in 2019 and 2020.



[bookmark: _Toc75811034]Fig. 4.2.4. The trend of PM2.5 concentration in Kolkata in 2019 and 2020.



[bookmark: _Toc75811035]Fig. 4.2.5. Mortality due to long-term exposure to PM2.5 in 2019


[bookmark: _Toc75811036]Fig. 4.2.6. Mortality due to long-term exposure to PM2.5 in 2020

[bookmark: _Toc77593755]4.2 Long-term effects of PM2.5

To determine mortality and morbidity, the annual average concentration of PM2.5 and population data of these cities for the years 2019 and 2020 were taken. The values for the BI and RR were taken from Table 3 as per WHO guidelines.
The Excess Number Of Cases (ENC’s) of mortality all (natural) causes (adults age 30+ years) in 2019 (Fig. 6) is highest in Delhi with a value of 31592 (95% confidence limit of 22647 and 38451) followed by Mumbai with a value 6119 (95% confidence limit of 4084 and 7937), Kolkata with value 4822 (95% confidence limit of 3345 and 6040) and least for Chennai with value 3470 (95% confidence limit of 2347 and 4446). ENC’s in 2020 (Fig. 7), in Delhi dropped with value 28688 (95% confidence limit of 20307 and 35264) followed by Mumbai with value 7261 (95% confidence limit of 4867 and 9380), Kolkata with value 3197 (95% confidence limit of 2168 and 4087) and least in Chennai with value 2085 (95% confidence limit of 1388 and 2709).
ENC’s of ALRI for children (0-5 years) in 2019 (Fig. 6) is highest in Delhi with value 284 (95% confidence limit of 177 and 365) followed by Mumbai with value 85 (95% confidence limit of 57 and 110), Kolkata with a value 50 (95% confidence limit of 32 and 65) and least for Chennai with value 43 (95% confidence limit of 28 and 56). ENC’s in 2020 (Fig. 7), in Delhi dropped with value 271 (95% confidence limit of 170 and 349) followed by Mumbai with value 96 (95% confidence limit of 64 and 125), Kolkata with value 39 (95% confidence limit of 25 and 50) and least in Chennai with value 30 (95% confidence limit of 20 and 39).
ENC’s of COPD for adults (25+ year) in 2019 (Fig. 6)  is highest in Delhi with a value of 2825 (95% confidence limit of 1950 and 4237) followed by Mumbai with a value of 829 (95% confidence limit of 507 and 1238), Kolkata with value 490 (95% confidence limit of 324 and 734) and least in Chennai with value 413 (95% confidence limit of 263 and 608). ENC’s in 2020 (Fig. 7) in Delhi dropped with value 2674 (95% confidence limit of 1832 and 4032) followed by Mumbai with value 938 (95% confidence limit of 581 and 1393), Kolkata with value 373 (95% confidence limit of 240 and 551), and least in Chennai with value 290 (95% confidence limit of 175 and 429).
ENC’s of LC for adults (25+ years) in 2019 (Fig. 6) is highest in Delhi with a value of 3541 (95% confidence limit of 2657 and 4279) followed by Mumbai with a value of 909 (95% confidence limit of 576 and 1241), Kolkata with a value of 590 (95% confidence limit of 417 and 739) and least in Chennai with value 473 (95% confidence limit of 314 and 618). ENC’s in 2020 (Fig. 7) in Delhi dropped with value 3309 (95% confidence limit of 2425 and 4052) followed by Mumbai with value 1046 (95% confidence limit of 674 and 1404), Kolkata with value 430 (95% confidence limit of 288 and 558), and least in Chennai with value 315 (95% confidence limit of 197 and 433).
ENC’s of IHD for adults (25+ years) in 2019 (Fig. 6) is highest in Delhi with a value of 11525 (95% confidence limit of 8391 and 20287) followed by Mumbai with a value of 3990 (95% confidence limit of 2556 and 7904),  Kolkata with value 2107 (95% confidence limit of 1471 and 3888) and least in Chennai with value 1889 (95% confidence limit of 1258 and 3629). ENC’s in 2020 (Fig. 7) in Delhi dropped with value 11101 (95% confidence limit of 7954 and 19869) followed by Mumbai with value 44322 (95% confidence limit of 2880 and 8660), Kolkata with value 1694 (95% confidence limit of 1135 and 3241), and least in Chennai with value 1407 (95% confidence limit of 895 and 2805).
ENC’s of Stroke for adults (25+ years) in 2019 shown in (Fig. 6) is highest in Delhi with value 11082 (95% confidence limit of 7303 and 17357) followed by Mumbai with value 3475 (95% confidence limit of 1881 and 5386), Kolkata with value 1961 (95% confidence limit of 1222 and 3137) and least in Chennai with value 1694 (95% confidence limit of 994 and 2676). ENC’s in 2020 (Fig. 7) in Delhi dropped with value 10557 (95% confidence limit of 6835 and 16628) followed by Mumbai with value 3901 (95% confidence limit of 2186 and 6108), Kolkata with value 1526 (95% confidence limit of 902 and 2419), and least in Chennai with value 1219 (95% confidence limit of 652 and 1898).
The ENC’s value is highest in Delhi due to the highest PM2.5 concentration of 108.50 μgm-3 out of all the four metropolitan cities and ENC’s values declined in 2020 due to a decline in PM concentrations. However, there is no decline in ENC noticed in Mumbai from 2019 to 2020 as the PM2.5 concentration also did not decline.


[bookmark: _Toc75811037]Fig. 4.3.1. Morbidity due to short-term exposure to PM2.5 in 2019.


[bookmark: _Toc75811038]Fig. 4.3.2. Morbidity due to short-term exposure to PM2.5 in 2020.




[bookmark: _Toc77593756]4.3 Short-term effects of PM2.5

The ENC’s of hospital admission respiratory disease in 2019 (Fig. 8) is highest in Delhi (28704 and 95% CI: 0-55347) followed by Mumbai (1933 and 95% CI: 0-4015), Kolkata (3671 and 95% CI: 0- 7329) and least in Chennai (21940 and 95% CI: 0-3975). ENC’s in 2020 (Fig. 9) in Delhi dropped with value (24643 and 95% CI: 0-48149) followed by Mumbai (3037 and 95% CI: 0-6281), Kolkata (1879 and 95% CI: 0- 3840), and least in Chennai (529 and 95% CI: 0-1102).
The ENC’s of hospital admission cardiovascular disease including stroke in 2019 (Fig. 8)  is highest in Delhi (1153 and 95% CI: 223-2032) followed by Mumbai (75 and 95% CI: 14-136), Kolkata (145 and 95% CI: 28- 259) and least in Chennai (76 and 95% CI: 14-136). ENC’s in 2020 (Fig. 9) in Delhi dropped with value (983 and 95% CI: 189-1742) followed by Mumbai (118 and 95% CI: 22-213), Kolkata (73 and 95% CI: 14- 132), and least in Chennai (20 and 95% CI: 04-37).
The ENC’s of mortality all-natural cases 30+ years in 2019 shown in (Fig. 8) is highest in Delhi (6858 and 95% CI: 2601-10820) followed by Mumbai (451 and 95% CI: 166-731), Kolkata (867 and 95% CI: 324- 1386) and least in Chennai (454 and 95% CI: 168-734). ENC’s in 2020 (Fig. 9) in Delhi dropped with value (5862 and 95% CI: 2211-9296) followed by Mumbai (709 and 95% CI: 262-1149), Kolkata (440 and 95% CI: 163- 710), and least in Chennai (123 and 95% CI: 45-200).





[bookmark: _Toc77593757]4.4 Comparison of our results to the studies carried out in the past

In comparison to the previous studies (Table 4), our results are slightly less even though at the time those respective studies were carried out, the PM2.5 concentration was higher (AAC of PM2.5 is 131.5μgm-3 in Delhi and 68.5μgm-3 in Mumbai (18), 32.62 ± 16.63μgm-3  in Chennai and 102.96 ± 85.38μgm-3 in Delhi (19), and 111.7μgm-3 in Delhi (13).). This may be attributed to the fact that has considered the total population of the city and we have considered age-wise population for more accuracy (5+, 25+, and 30+ years population). For Kolkata, however, no such study has been carried out in the past.

[bookmark: _Toc75813002]Table. 4. Comparison of results between present and previous studies.
	S.No.
	City
	Results from our study
	Results from past studies

	
	
	Long term effects
	Short term effects
	Long term effects
	Short term effects
	Year of study
	Reference

	
	
	2019
	2020
	2019
	2020
	
	
	
	

	1.
	Delhi
	31,592
	28,688
	28,704
	24,643
	9,968
	
	2015
	(18)

	
	
	
	
	
	
	40,000
	38,211
	2017
	(19)

	
	
	
	
	
	
	72,254
	45,000
	2018
	(13)

	2.
	Mumbai
	6,119
	7,261
	1,933
	3,037
	8,341
	
	2015
	(18)

	3.
	Chennai
	3,470
	2,085
	1,940
	1,529
	12,000
	4,135
	2015
	(19)







[bookmark: _Toc77593758]CHAPTER 5
[bookmark: _Toc77593759]Conclusion

In the present analysis, human health impacts on mortality and morbidity were measured in Delhi, Mumbai, Chennai, Kolkata during 2019 and 2020, taking into account 80 percent of the total population at risk of air pollution exposure of the parameters PM2.5 pollutant using WHO’s AirQ+ v2.0 software. Delhi is the metropolitan city that poses the highest human health risk from ambient PM2.5. The ENC’s value is high in Delhi due to a high PM2.5 concentration of 108.50 µgm-3 and ENC’s values declined in 2020 due to a decline in PM concentrations in all cities except Mumbai. But there is a big gap, and the downturn is due to the lockdown in India in 2020. We may also infer that higher amounts of PM2.5 and higher demographics prone to air pollution can contribute to more cases and hospital admission. Some preventive steps should be taken by the government to monitor the rise in air pollution. Popular mitigation measures for all four cities will have a negative effect. We can take the measures according to the cities condition and level of pollution in it and that can also be efficient at enforcing and reducing PM concentrations.









[bookmark: _Toc77593760]CHAPTER 6
[bookmark: _Toc77593761]Limitations

The RR values used in this analysis are rationally established in the USA, but there would be a lot of uncertainty if RR values are observed in certain other countries, such as India because atmospheric conditions and the economy vary considerably. We have considered that 80% of the population is susceptible to emissions, although it may be high or low, and the degree of indoor pollution is different and can have different exposure values. In 2020 lockdown is imposed in India due to this pollution level as well the population exposure to PM might be below. There are also potential pitfalls in the precision of the data given by CPCB, such as power loss, labour unavailability, human error, error in control, and inadequacy of the air quality monitoring infrastructure.
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PM2.5 Concentration in μgm-3  




Mumbai

2020	January	February	March	April	May	June	July	August	September	October	November	December	104.52999999999999	105.79222222222222	92.24111111111111	88.276666666666657	85.722222222222229	68.337777777777774	85.166666666666657	62.967777777777783	57.879999999999995	65.376666666666665	77.260000000000005	95.035555555555547	62.594444444444449	35.506666666666668	30.487500000000001	34.972499999999997	52.22	84.831249999999997	92.877500000000012	87.579999999999984	94.894999999999996	79.555000000000007	86.476250000000007	73.680000000000007	92.49	98.413749999999993	54.62	25.223750000000003	20.9025	52.597499999999997	65.681249999999991	72.09875000000001	78.923749999999984	80.944999999999993	76.213750000000005	59.011249999999997	46.832499999999996	49.943749999999994	69.045000000000002	67.814999999999998	55.354999999999997	60.16375	59.717500000000001	67.820000000000007	62.814444444444447	51.515555555555551	70.526666666666671	100.32000000000001	88.937777777777768	90.304444444444457	61.554444444444442	39.838888888888889	67.438888888888897	75.061111111111103	85.355555555555554	45.01	40.024444444444441	52.471111111111114	78.40666666666668	71.855555555555554	42.032222222222217	52.66375	45.212500000000006	35.513333333333328	33.015555555555551	20.837777777777777	25.093333333333337	27.474444444444444	36.167777777777786	38.523333333333333	16.790000000000003	18.685555555555553	24.86888888888889	31.61888888888889	49.476666666666667	59.565555555555548	73.221111111111114	50.747777777777777	30.595555555555556	21.253333333333337	19.973333333333333	17.681111111111111	23.58111111111111	36.488888888888887	29.68	26.89222222222222	24.93	27.567777777777781	23.523333333333333	24.349999999999998	24.483750000000001	19.991250000000001	25.702857142857145	24.674999999999997	24.62833333333333	27.200000000000003	20.066666666666666	24.276666666666667	29.038	27.844000000000001	26.569999999999997	28.417499999999997	27.380000000000006	25.810000000000002	26.78	26.396666666666665	20.483333333333334	20.313333333333333	18.62	20.496666666666666	21.262000000000004	16.194285714285716	17.624285714285715	19.617142857142856	21.96142857142857	17.721428571428572	19.190000000000001	18.398571428571426	20.841428571428569	22.032857142857143	22.110000000000003	17.234285714285715	15.042857142857144	13.694285714285716	13.066666666666666	12.762222222222224	13.715555555555556	15.614444444444445	15.946666666666667	15.684999999999999	15.161249999999999	17.634999999999998	14.633750000000001	16.443750000000001	16.675000000000001	18.905000000000001	32.421428571428571	31.554285714285715	21.71	18.51285714285714	19.256250000000001	21.04	17.927499999999998	18.588749999999997	16.116250000000001	14.606249999999999	16.591249999999999	14.311250000000001	16.717500000000001	7.4612500000000006	10.50375	8.7974999999999994	16.806249999999999	22.400000000000002	7.9742857142857133	21.540000000000003	10.964285714285714	9.6224999999999987	11.14875	8.7625000000000011	8.4500000000000011	9.9187499999999993	9.0662500000000001	10.4375	9.8562499999999993	9.8462500000000013	10.277500000000002	9.49	6.6237499999999994	7.2750000000000004	14.181249999999999	10.94125	8.8271428571428565	11.77	9.1100000000000012	8.4450000000000003	12.194444444444446	14.148888888888889	17.224444444444444	11.473333333333333	7.1477777777777778	4.8624999999999998	6.1724999999999994	5.2350000000000003	5.278888888888889	5.5366666666666671	9.4699999999999989	10.62125	8.411428571428571	9.23	9.8500000000000014	8.7387499999999996	8.7037500000000012	8.1837499999999999	7.985555555555556	8.637777777777778	6.6077777777777786	5.1588888888888897	8.1622222222222209	10.057777777777778	9.6099999999999977	9.3312500000000007	9.2899999999999991	8.8612500000000001	8.757142857142858	12.415714285714285	11.007142857142856	15.716250000000002	6.2362500000000001	10.535	15.357142857142858	8.007142857142858	8.8483333333333327	7.0833333333333321	9.043333333333333	7.0385714285714283	8.9671428571428571	7.2074999999999996	6.4162499999999998	9.3674999999999979	8.8177777777777759	11.753333333333336	10.724444444444444	8.5112500000000004	6.9057142857142848	7.7199999999999989	7.8999999999999995	9.3587500000000006	10.477142857142857	10.308333333333332	8.9883333333333351	7.2333333333333334	10.438333333333333	10.103333333333332	8.7522222222222208	7.9644444444444451	10.957777777777777	10.40111111111111	10.676666666666668	10.445000000000002	8.1777777777777789	10.115555555555554	9.5633333333333344	18.012222222222224	13.171111111111109	19.764999999999997	17.071111111111108	25.534444444444446	33.923333333333332	51.331111111111099	13.126666666666667	15.744444444444447	21.461111111111112	20.635000000000002	27.117777777777775	13.397777777777778	12.748888888888892	15.723333333333333	14.535555555555554	15.429999999999998	15.358749999999999	20.072500000000002	22.840000000000003	22.425000000000001	25.23875	28.121249999999996	12.487499999999999	16.064285714285713	25.498571428571431	14.322857142857142	17.343333333333334	22.067142857142859	25.077142857142857	26.414999999999996	23.67	32.72625	40.407499999999999	27.78857142857143	22.047499999999999	30.938750000000002	45.497500000000002	46.64	58.662222222222226	75.047777777777767	45.778888888888886	51.47	47.105714285714285	53.039999999999992	24.38	20.228750000000002	24.884999999999998	21.941249999999997	23.943749999999998	30.941111111111109	36.318750000000001	44.721428571428568	40.032499999999999	51.265714285714289	40.833333333333336	49.138571428571431	47.216249999999995	59.301666666666677	68.848333333333315	57.153749999999995	49.620000000000005	48.905000000000001	68.435000000000002	76.990000000000009	76.136250000000004	68.667500000000004	56.081249999999997	63.560000000000009	61.894999999999996	71.357777777777784	70.815555555555562	71.76333333333335	71.863749999999996	60.551111111111105	51.535555555555554	67.363749999999996	69.509999999999991	63.312222222222218	66.13666666666667	63.22999999999999	59.51666666666668	63.056666666666651	67.332222222222228	45.208888888888886	62.898888888888891	84.108888888888885	84.177777777777791	53.934444444444438	50.557777777777773	32.497777777777777	56.044999999999995	60.905000000000015	74.717500000000001	68.048749999999998	73.597499999999997	68.285555555555561	51.30888888888888	55.027777777777779	55.595555555555563	56.425555555555555	63.024444444444434	69.141111111111115	57.982222222222227	56.925000000000004	43.754999999999995	75.964444444444453	88.30857142857144	87.862222222222215	76.495555555555541	67.301111111111098	65.436666666666667	54.347777777777779	56.167777777777779	70.328888888888898	74.418888888888887	80.705555555555563	79.867777777777803	92.74444444444444	52.615555555555559	70.284444444444432	87.506666666666689	118.05222222222223	2019	79.16	83.89	102.33	83.36	76.44	80.92	53.39	56.07	73.94	84.82	83.62	78.650000000000006	74.260000000000005	66.22	67.680000000000007	69.680000000000007	84.91	84.13	83.55	90.88	50.62	33.450000000000003	26.34	54.44	46.65	39.869999999999997	37.119999999999997	47.7	46.36	51.69	50.16	48.35	51.33	74.19	64.81	65.87	42.62	18.54	54.61	73.349999999999994	86.1	101.84	95.86	75.540000000000006	50.17	46.92	53.31	59.97	54.47	50.8	62.81	36.44	39.85	56.98	30.96	36.700000000000003	26.61	22.79	48.84	42.5	48.46	15.81	17.22	22.06	23.56	25.46	29.99	37.159999999999997	29.88	22.65	21.29	23.09	21.54	28.4	40.549999999999997	37.229999999999997	41.07	34.130000000000003	28.12	17.18	18.559999999999999	34.6	47.73	53.91	41.85	33.81	32.020000000000003	30.66	23.71	18.79	19.510000000000002	22.34	27.01	17.05	19.13	17.920000000000002	18.420000000000002	16.11	17.05	13.65	17.16	22.83	33.15	22.72	20.37	27.01	12.83	22.21	21.82	21.99	20.7	21.09	18.36	16.37	17.36	17.61	26.24	24.11	22.39	21.79	19.36	21.51	16.7	16.899999999999999	14.45	15.59	11.75	12.84	11.28	12.68	13.1	14.97	18.559999999999999	15.5	15.14	15.87	15.69	15.52	12.13	12.36	14.37	11.02	25.66	17.29	13.87	17.07	18.29	16.39	14.82	12.78	14.51	11.88	12.74	16.760000000000002	12.14	12.37	10.01	12.42	12.11	15.45	15.99	17.48	15.09	16.440000000000001	16.39	14.29	11.71	14.3	12.62	15.35	12	13.89	14.37	12.09	15.63	14.95	11.84	11.66	9.3800000000000008	10.4	15.66	8.64	12.09	11.48	14.82	10.68	11.11	11.69	11.85	11.56	11.5	16.71	19.059999999999999	11.71	9.09	10.88	10.88	16.190000000000001	13.12	14.7	15.65	16.600000000000001	23.57	9.77	10	11	10.56	10	9	11	14.82	8.85	8.9	11.85	19.02	16.649999999999999	18.12	10.7	10.55	18.47	17.55	15.73	12.55	11.73	14.24	13.59	10.55	14.99	14.88	11.97	13.98	18.27	44.96	21.87	32.299999999999997	54.59	9.69	15.51	12	11.05	11.94	10.96	11	7.78	8.65	6.57	6.4	7.79	8.2899999999999991	17.98	7.34	11.26	13.62	12	10.42	13.7	15.73	9.4700000000000006	9.74	13.68	17	22.69	17.03	23.9	16.829999999999998	25.54	14.4	12.45	16.71	7.75	10.55	10.94	10.98	9.76	19.11	23.09	20.13	26.59	25.19	32.5	35.17	19.79	29.79	25.56	32.17	29.6	40.72	41.63	47.22	49.69	39.93	22.52	16.54	17.309999999999999	20.170000000000002	17.36	27.98	22.58	26.73	30.13	40.98	47.73	36.32	44.03	30	19.57	18.45	25.94	27.34	38.43	15.6	12.61	21.89	34.19	41.02	43.65	46.03	43.11	51.08	63.51	46.04	51.46	55.74	56.73	58.76	46.97	54.46	46.42	69.900000000000006	57.92	23.95	56.48	59.84	54.78	64.58	57.18	45.04	41.86	58	36.56	49.12	45	52.65	50	54.71	41.64	25.24	33.9	30	67.16	50.92	44.65	45.99	54.26	54.42	52.61	61.21	71.709999999999994	69.62	45.12	47.8	43.1	43.9	49.54	NAAQS	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	WHO	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	2019 Annual avg. conc.	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	30.195	2020 Annual avg. conc.	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	36.131999999999998	
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Chennai

2020	January	February	March	April	May	June	July	August	September	October	November	December	27.1325	28.779999999999998	32.055	30.434999999999999	23.2575	19.4925	34.782499999999999	42.074999999999996	41.822500000000005	42.042500000000004	39.049999999999997	59.372499999999995	74.34	106.9425	50.03	40.0075	35.43	28.65	31.21	38.250000000000007	44.769999999999996	50.4375	62.237500000000004	64.569999999999993	55.482500000000002	43.427500000000002	50.375	56.677500000000002	51.167499999999997	44.18	38.094999999999999	40.409999999999997	34.017499999999998	36.68	40.0625	42.367499999999993	40.244999999999997	35.74	28.42	28.422499999999999	35.2575	28.947499999999998	32.405000000000001	49.67	57.227499999999999	53.037500000000009	35.174999999999997	33.615000000000002	41.9925	42.6875	35.672499999999999	31.53	29.2075	28.799999999999997	31.092499999999998	34.575000000000003	39.087499999999999	42.414999999999999	38.835000000000001	37.805	36.42	43.285000000000004	42.129999999999995	33.002499999999998	28	27.879999999999995	32.616666666666667	21.6	26.03	25.984999999999999	16.697499999999998	25.2	36.466666666666661	35.67	34.634999999999998	27.952500000000001	35.090000000000003	31.7425	31.112500000000001	26.082500000000003	24.467499999999998	40.28	23.7775	20.142499999999998	21.837499999999999	28.662499999999998	27.693333333333332	27.060000000000002	23.4375	26.817499999999999	31.074999999999999	32.407499999999999	29.36	24.54	20.6175	20.482500000000002	14.1875	11.61	14.287500000000001	12.695	38.597499999999997	15.75	15.074999999999999	17.835000000000001	17.802499999999998	14.8	20.552499999999998	8.5025000000000013	8.9375	7.7799999999999994	10.08	10.629999999999999	12.525000000000002	7.9449999999999994	8.1524999999999999	11.1175	10.3675	10.195	6.5674999999999999	11.425000000000001	10.727499999999999	14.602499999999999	13.272500000000001	11.370000000000001	7.1775000000000002	21.795000000000002	10.244999999999999	11.049999999999999	11.907499999999999	9.9224999999999994	9.7999999999999989	8.26	8.7725000000000009	19.087499999999999	8.8149999999999995	20.78	28.4925	11.004999999999999	18.9925	28.574999999999999	30.21	26.95	23.237499999999997	21.502499999999998	22.565000000000001	25.655000000000001	27.0075	20.0275	31.842500000000001	36.104999999999997	34.105000000000004	18.840000000000003	34.805	16.642499999999998	17.954999999999998	17.754999999999999	18.147499999999997	40.99	19.934999999999999	23.2425	20.417499999999997	31.650000000000002	27.432500000000005	30	20.79	20.147500000000001	18.702500000000001	25.615000000000002	33.877499999999998	26.25	29.3825	30	26.970000000000002	22.849999999999998	18.677500000000002	29.094999999999999	23.265000000000001	23.795000000000002	26	25.427499999999998	21.560000000000002	23.32	20.7425	17.397500000000001	13.654999999999999	15.465	18.68	21.032499999999995	18.2925	21.795000000000002	17.717500000000001	17.035	18.2925	17.565000000000001	21.2775	28.490000000000002	31.687499999999996	30.057499999999997	35.667499999999997	31.795000000000002	26.195	27.05	32.1175	29.86	33.96	41.547499999999999	45.370000000000005	36.575000000000003	44.227499999999999	34.42	37.19	29.807499999999997	23.654999999999998	20.625	23.7575	22.4	35.655000000000001	23.3675	23.547499999999999	24.907499999999999	46.064999999999998	21.1875	20.69	29.594999999999999	34.76	34.675000000000004	29.994999999999997	26.715000000000003	29.657499999999999	33.872500000000002	29.844999999999999	30.1675	28.682499999999997	27.102499999999999	29.4175	24.96	19.952500000000001	33.020000000000003	35.025000000000006	33.180000000000007	33.08	33.177500000000002	32.397500000000001	22.932500000000001	36.942500000000003	34.067499999999995	30.984999999999999	31.372500000000002	28.655000000000001	19.997500000000002	23.0625	24.767499999999998	24.182499999999997	33.435000000000002	41.769999999999996	23.665000000000003	20.022500000000001	21.9025	28.532500000000002	27.659999999999997	31.3825	34.122500000000002	25.445	26.529999999999998	35.432499999999997	32.917500000000004	36.1175	31.75	27.835000000000001	27.5425	28.734999999999999	45.12	52.17	25.662499999999998	30.052500000000002	25.387499999999999	23.202500000000001	22.662499999999998	26.727499999999999	37.232500000000002	33.11	26.442500000000003	30.432500000000001	32.315000000000005	21.055	21.3	21.93	26.675000000000001	26.682500000000001	28.48	36.010000000000005	31.352499999999999	35.484999999999999	33.984999999999999	28.03	37.6175	35.982500000000002	34.674999999999997	46.196666666666665	54.302500000000002	55.782499999999999	38.067500000000003	36.4	47.224999999999994	54.66	51.722499999999997	56.445	66.115000000000009	34.762500000000003	28.700000000000003	23.505000000000003	23.445	63.552500000000002	57.727499999999999	55.224999999999994	52.49	29.677500000000002	34.782499999999999	44.857500000000002	48.192500000000003	20.475000000000001	32.887500000000003	26.5275	25.467499999999998	35.207499999999996	38.092500000000001	38.577500000000001	42.084999999999994	39.185000000000002	22.663333333333338	16.425000000000001	23.024999999999999	17.544999999999998	19.82	19.767499999999998	25.907499999999999	32.362499999999997	13.8475	10.039999999999999	12.127500000000001	12.913333333333334	15.112500000000001	19.512499999999999	31.86	34.3125	46.607500000000002	55.656666666666666	45.79	37.58	48.414999999999999	38.034999999999997	33.195	43.557500000000005	55.292499999999997	50.935000000000002	50.287500000000001	47.962499999999999	47.1	54.677500000000002	47.214999999999996	37.987500000000004	45.04	44.717499999999994	43.387499999999996	37.954999999999998	26.005000000000003	2019	108.27333333333333	54.646666666666668	96.006666666666661	73.429999999999993	75.760000000000005	91.743333333333325	66.853333333333339	61.993333333333339	97.009999999999991	89.44	130.50666666666666	63.323333333333331	38.580000000000005	58.6	46.213333333333331	49.876666666666665	69.213333333333338	66.823333333333338	61.04	41.134999999999998	73.516666666666666	76.77	28.856666666666666	44.293333333333329	26.849999999999998	19.396666666666665	16.190000000000001	17.256666666666668	43.359999999999992	54.926666666666669	80.913333333333341	40.860000000000007	43.123333333333335	31.966666666666669	43.206666666666671	48.606666666666662	59.623333333333335	52.806666666666665	27.51	20.650000000000002	12.913333333333334	39.423333333333339	55.76	105.05666666666667	178.55666666666664	43.893333333333338	40.68	44.053333333333335	26.593333333333334	16.440000000000001	17.400000000000002	33.136666666666663	36.713333333333331	25.723333333333333	37.286666666666669	89.38	197.72333333333333	33.303333333333335	90.963333333333324	171.63333333333333	174.78333333333333	39.296666666666667	44.373333333333335	54.28	54.27	41.226666666666667	38.190000000000005	35.616666666666667	27.286666666666665	30.003333333333334	52.843333333333334	76.489999999999995	58.156666666666673	52.216666666666669	47.389999999999993	57.129999999999995	30.860000000000003	40.359999999999992	63.716666666666669	48.923333333333339	41.213333333333331	38.176666666666669	33.479999999999997	36.22	38.896666666666668	34.973333333333329	36.553333333333335	38.566666666666663	34.723333333333336	58.156666666666666	62.023333333333333	50.013333333333328	45.533333333333339	33.466666666666669	36.063333333333333	33.943333333333335	32.213333333333331	54.94	30.686666666666667	56.063333333333333	50.949999999999996	37.086666666666666	36.090000000000003	31.906666666666666	23.459999999999997	18.066666666666666	16.540000000000003	13.266666666666667	25.49	26.283333333333331	28.870000000000005	25.083333333333332	29.990000000000006	29.623333333333335	31.923333333333336	35.103333333333339	25.53	26.5	26.563333333333333	35.32	29.429999999999996	28.813333333333333	29.526666666666667	37.266666666666673	39.703333333333333	38.29	39.236666666666672	43.286666666666669	35.935000000000002	38.414999999999999	65.16	51.844999999999999	67.33	58.373333333333335	55.196666666666658	49.9	40.505000000000003	39.22	36.715000000000003	22.255000000000003	23.59	27.165000000000003	62.49666666666667	47.606666666666662	47.136666666666663	47.856666666666662	46.419999999999995	74.459999999999994	54.95000000000001	64.873333333333335	53.70333333333334	45.96	57.523333333333333	59.32	60.170000000000009	51.483333333333341	45.919999999999995	41.484999999999999	56.104999999999997	47.474999999999994	55.929999999999993	52.1	51.234999999999999	36.715000000000003	41.555	52.484999999999999	42.875	56.055	56.715000000000003	48.445	42.46	44.529999999999994	40.476666666666667	33.330000000000005	30.393333333333334	100.36666666666667	44.695	35.980000000000004	51.615000000000002	56.633333333333326	52.25	32.419999999999995	65.823333333333338	77.833333333333329	50.023333333333333	116.54666666666668	37.729999999999997	48.57	53.569999999999993	46.363333333333337	33.023333333333333	37.61	49.185000000000002	35.099999999999994	47.2	40.993333333333332	30.486666666666665	43.21	48.53	31.363333333333333	35.193333333333335	31.810000000000002	29.72	36.25333333333333	30.070000000000004	48.126666666666665	25.91	27.683333333333337	32.823333333333331	29.349999999999998	39.376666666666665	35.406666666666666	34.57	72.993333333333325	59.330000000000005	43.18	56.890000000000008	25.206666666666667	22.5	27.783333333333331	24.58666666666667	24.536666666666665	16.844999999999999	17.934999999999999	20.909999999999997	30.33666666666667	19.346666666666668	26.39	13.74	13.073333333333332	24.046666666666667	27.27	31.766666666666666	38.726666666666667	25.434999999999999	19.049999999999997	24.54	17.555	20.935000000000002	22.15	27.96	20.93	29.490000000000002	39.343333333333334	32.156666666666666	42.276666666666664	33.880000000000003	24.576666666666664	28.953333333333333	28.549999999999997	42.903333333333336	39.026666666666664	43.896666666666668	41.47	26.5	28.046666666666663	22.725000000000001	26.98	31.98	23.766666666666666	29.22666666666667	26.856666666666666	42.38	34.685000000000002	48.616666666666667	60.646666666666668	34.536666666666669	16.906666666666666	16.276666666666667	17.12	23.26	30.623333333333335	22.533333333333331	46.633333333333333	34.896666666666668	32.236666666666665	23.926666666666666	57.234999999999999	14.99	68.773333333333326	40.72	25.453333333333337	23.096666666666664	24.243333333333336	15.95	23.533333333333331	21.060000000000002	21.47666666666667	19.376666666666665	37.666666666666664	34.773333333333333	40.284999999999997	31.703333333333333	31.88	33.803333333333335	45.279999999999994	43.279999999999994	52.376666666666665	102.33500000000001	114.56666666666666	55.44	31.01	46.21	104.94333333333333	47.31666666666667	39.534999999999997	86.116666666666674	118.91666666666667	107.63666666666666	113.00666666666667	127.81333333333333	154.99333333333334	107.19499999999999	103.42	61.739999999999995	32.43	31.840000000000003	15.105	22.14	49.984999999999999	56.435000000000002	29.274999999999999	31.57	20.170000000000002	27.04	34.42	52.204999999999998	62.67	46.064999999999998	73.75333333333333	40.256666666666668	35.090000000000003	16.600000000000001	15.1	26.93	32.32	27.98	36.773333333333333	63.2	50.644999999999996	40.450000000000003	37.36	26.765000000000001	36.253333333333337	37.726666666666667	28.52333333333333	35.826666666666668	40.653333333333336	37.376666666666672	32.416666666666664	45.779999999999994	51.746666666666663	50.316666666666663	65.499999999999986	78.86333333333333	58.226666666666659	54.013333333333343	42.486666666666672	51.66	42.96	29.903333333333332	37.126666666666665	51.4	38.586666666666666	43.25333333333333	NAAQS	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	WHO	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	2019 Annual avg. conc.	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	46.27	2020 Annual avg. conc.	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	30.68	
PM2.5 Concentration in µgm-3 




Kolkata
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PM2.5 Concentration in µgm-3 




All natural cases (adults age 30+ years)	6859	976	1818	1218	8945	1123	2071	1477	Delhi	Chennai	Mumbai	Kolkata	31592	3470	6119	4822	ALRI for children (0-5 years)	81	13	25	15	107	15	28	18	Delhi	Chennai	Mumbai	Kolkata	284	43	85	50	COPD for adults( 25+ year)	1412	195	455	244	875	150	357	166	Delhi	Chennai	Mumbai	Kolkata	2825	413	829	490	LC for adults (25+ years)	738	145	332	149	884	159	333	173	Delhi	Chennai	Mumbai	Kolkata	3541	473	909	590	IHD for adults (25+ years)	8762	1740	3914	1781	3134	631	1434	636	Delhi	Chennai	Mumbai	Kolkata	11525	1889	3990	2107	Stroke for adults (25+ years)	6275	982	1911	1176	3779	700	1594	739	Delhi	Chennai	Mumbai	Kolkata	11082	1694	3475	1961	Cities


Excess no. of cases




All natural cases (adults age 30+ years)	6606	624	2119	890	8381	697	2394	1029	Delhi	Chennai	Mumbai	Kolkata	28688	2085	7261	3197	ALRI for children (0-5 years)	78	9	29	11	101	10	32	14	Delhi	Chennai	Mumbai	Kolkata	271	30	96	39	COPD for adults( 25+ year)	1358	139	409	178	842	115	322	133	Delhi	Chennai	Mumbai	Kolkata	2674	290	938	373	LC for adults (25+ years)	743	118	372	128	884	118	358	142	Delhi	Chennai	Mumbai	Kolkata	3309	315	1046	430	IHD for adults (25+ years)	8768	1398	4228	1547	3147	512	1552	559	Delhi	Chennai	Mumbai	Kolkata	11101	1407	4432	1694	Stroke for adults (25+ years)	6051	679	2207	893	3722	567	1715	624	Delhi	Chennai	Mumbai	Kolkata	10557	1219	3901	1526	Cities


Excess no. of cases




Hospital admission respiratory disease	26643	2035	2082	3658	28704	1940	1933	3671	Delhi	Chennai	Mumbai	Kolkata	28704	1940	1933	3671	Hospital admission cardiovascular disease including stroke	879	60	61	114	930	62	61	117	Delhi	Chennai	Mumbai	Kolkata	1153	76	75	145	Mortality all natural cases 30+ years	3962	280	280	519	4257	286	285	543	Delhi	Chennai	Mumbai	Kolkata	6858	454	451	867	Cities


Excess no. of cases




Hospital admission respiratory disease	23506	573	3244	1961	24643	529	3037	1829	Delhi	Chennai	Mumbai	Kolkata	24643	529	3037	1879	Hospital admission cardiovascular disease including stroke	759	17	95	59	794	16	96	59	Delhi	Chennai	Mumbai	Kolkata	983	20	118	73	Mortality all natural cases 30+ years	3434	77	440	270	3651	78	447	277	Delhi	Chennai	Mumbai	Kolkata	5862	123	709	440	Cities


Excess no. of cases
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Particulate matter found in air such as
wind-blown dust from agriculture or
construction, and from vehicle emissions

PM,_,5: Coarse PM,;: Fine
A grain of sand, around 10-2.5 pm in diameter, <2.5 ym in diameter,
300 pm in diameter mainly deposit in upper penetrate into lungs

airways and trachea




