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ABSTRACT

This study evaluated the human health risk in terms
of the excess number of mortality and morbidity in
the megacity Mumbai, India due to air pollution.
AirQ software was used to enumerate the various
health impacts of critical pollutants in Mumbai in
past 22 years during 1992-2013. A relationship con-
cept based on concentration-response relative risk
and population attributable-risk proportion was
employed by adopting World Health Organization
(WHO) guideline for concentrations of air pollutants
like PMyo, SO, and NO,. For the year 1992 in Mum-
bai, it was observed that excess number of cases of
total mortality, cardiovascular mortality, respiratory
mortality, hospital admission due to COPD, respira-
tory disease and cardiovascular disease were 8420,
4914, 889, 149, 10568 and 4081 respectively. How-
ever, after 22 years these figures increased to
15872, 9962, 1628, 580, 20527 and 7905 respec-
tively, but all of these reached maximum in the year
2006. From the result, it is also noted that except
COPD morbidity the excess number of cases from
1992-2002 to 2003-2013 increased almost by 30%;
and the excess number of mortality and morbidity is
basically due to particulate matter (PM;,) than due
to gaseous pollutants.

Key words: Human health risk, Criteria pollutants,
Mortality, Morbidity, Relative risk

1. INTRODUCTION

Clean air is the most essential requirement for heal-
thy living. However, due to uncontrolled urbanization,
rapid increase in number of vehicles in cities and high
energy demand for modern civilization, the air is con-
tinuously polluted. Episodic events of severe air pollu-
tion in Europe (Meuse Valley and London) and in the

United States (Donora, Pennsylvania) in the 20™ cen-
tury caused acute disease and deaths of several thou-
sands of people. Hence, there is no denying the fact
that air pollution causes adverse effects on human
health (Ciocco and Thompson, 1961; Nemery et al.,
2001). Urban people die of severe asthma due to nitro-
gen dioxide and ozone (Korek et al., 2015; Pope et al.,
2011; Sunyer et al., 2002; Romieu et al., 1997). Per-
oxyacytyl nitrate (PAN) causes severe irritation in eyes
and it is unequivocally bad for lungs and damages
plants too (Taylor, 1969). Polycyclic aromatic hydro-
carbons (PAHs) have been found in placental tissues of
women and in umbilical cord blood samples of new-
born babies with irreversible damage to DNA (Ravin-
dra and Mittal, 2001). Particulate matter (PM) is the
complex mixture of organic and inorganic matter,
nitrogen compounds, sulphur compounds, PAHs, sev-
eral heavy metals and radionuclides. Health effects
associated with exposure to PM are lung inflammatory
reactions, adverse effect on the cardiovascular systems
and increase in mortalities, and also reduced lung
function in children and increased chances of lung
cancers (WHO, 2006). Regular exposure to sulfur
dioxide (SO,) causes asthma, chronic bronchitis and
cardiovascular disease for the particularly sensitive
people (WHO, 2003). Even the concentration of air
pollutants lower than WHO guideline is also known to
effect human health adversely (Downs et al., 2007).
An assessment study on the global burden of disease
(GBD) showed 0.695 million premature deaths and loss
of 18.2 million disability-adjusted life years (DALYs)
due to outdoor PM, 5 and ozone pollution in 2010 and
became the fifth leading cause of deaths in India
(Lelieveld et al., 2015). Other studies observed that
about 0.62 million and 0.69 million premature death
cases occurred due to outdoor air pollution and corre-
sponding economic cost was 232.74 and 416.7 billion
USS$ in 2005 and 2010 respectively (OECD, 2014).
According to the recent GBD study, in 2013 alone,
total premature deaths due to PM in India was 0.59
million and years of life lost (YLLs) and DALYs were
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16.12 million and 16.66 million respectively (Brauer et
al.,2015; Salomon et al., 2015).

Different city level studies linked air pollution and
health impact have been done in India (Maji et al.,
20164, b; Lelieveld et al., 2015; Nagpure et al., 2014;
Gurjar et al., 2010). The city level study helps pollu-
tion control authorities to make air quality manage-
ment and policy development for air quality control at
regional level. Various causes of air pollution have
triggered megacity cities like Mumbai in India to be
high risk areas and their inhabitants are facing various
health problems. Such health risks need to be estimat-
ed to improve the sustainability of city life and to con-
solidate the baseline of environmental policy and man-
agement.

In this paper human health risk like total mortality,
cardiovascular mortality, respiratory mortality, hospi-
tal admissions COPD, hospital admissions respiratory
disease (HARD) and hospital admissions cardiovascu-
lar disease (HACD) due to particulate matter having
aerodynamic diameter 10 micrometer or less (PM,),
sulphur dioxide (SO,) and nitrogen dioxide (NO,) are
calculated for the megacity Mumbai in India from
1992 to 2013. And the trend of pollution level from
past 22 years are analyzed by excess cases of mortality
and morbidity per one million population. For these
calculations, Air Quality (AirQ) software for Health
Impact Assessment developed by WHO was used.

2. METHODOLOGY

The relative risk (RR) is derived from dividing the
probability that an exposed group will develop disease
by the probability that unexposed group will develop
the disease (Rothman et al., 2008). The approach to
human health risk (HHR) assessment for the present
study used AirQ 2.2.3 software (WHO, 2004) devel-
oped by the WHO European Centre for Environment
Health, Bilthoven Division. This software adopted
Risk of Mortality/Morbidity due to Air Pollution (Ri-
MAP) model in the present study to estimate the
potential impact of exposure to particular air pollutant
on the health of people living in an urban area during a
certain time period.

The HHR assessment is based on the population
attributable risk (PAR) (also called “population attrib-
utable risk proportion”) concept, defined as the frac-
tion of the excess rate of disease in a given population
distinguishable to exposure to a particular atmospheric
pollutant, assuming a proven causal relation between
exposure and excess rate of disease with no major con-
founding effects in that association (Maji et al., 2016a;
Jeong, 2013; Northridge, 1995). The PAR can be easi-

ly calculated by the following general equation:

PAR= > [{RR(c)-1}1xp(c)/ 2. [{RR(c)—1}
Xp(e)+1] ey

where, RR(c) is the changed relative risk for the health
outcome in category “c” of exposure and RR(c)=1+
(C,—C,)X(RR—1)/10. C, is the ambient air pollutant
concentration, C,, is the WHO recommended threshold
level of that pollutant and R, is the relative risk of
exposure-disease relation (the ratio of the conditional
disease probabilities among exposed and non-exposed).
p(c) is the proportion of the population in category “c”
of exposure.

If the baseline frequency (at WHO recommended
threshold concentration value) of selected health out-
comes (i.e., I,) in the population under investigation is
known then the excess number of cases (ENCs) per
unit population (rate) attributed to the exposure in pop-

ulation (i.e., Iz) can be calculated as (WHO, 1999):
Iz=1I,XPAR 2)

Consequently, the frequency of the outcome to the
non-exposed population (i.e., Iyg) can be calculated as
follows:

Ly=1,—I;=1,x (1 —PAR) 3)

Finally at a certain category of exposure (c) with
known RR and the estimated incidence in non-exposed
population having population size under investigation
(P), the ENCs (AN(c)) can be calculated:

AN(c)=[R,(c) — 1] X p(c) X Iyg X P @)

Equation 4 is used to estimate ENCs of mortality or
morbidity in the exposed population. In practice, how-
ever, the range of the estimated health outcome (i.e.
uncertainty of the impact) is greater due to measure-
ment errors in exposure assessment because pollutant
concentration change time to time and it depends on
the area (e.g. industrial or residential), and non-statisti-
cal uncertainty of the concentration-response function
(WHO, 2003).

The AirQ software uses WHO specified input of RR
values (per 10 ug/m? increase of concentration for haz-
ardous substances) and corresponding baseline inci-
dences (per 10° population) for different air pollutants
(particulate matter having aerodynamic diameter <10
(PM,,), sulphur dioxide (SO,) and nitrogen dioxide
(NO,) etc.) as well as types of diseases (e.g., cardio-
vascular, respiratory, COPD, hospital admissions
respiratory disease etc.) associated with those values
(Table 1), based on various previous studies (Burnett
et al., 1997; Sunyer, 1997; Touloumi and Katsouyanni,
1997). Annual averages as per WHO guideline for out-
door air quality for NO,, SO, and PM,, are 40, 20 and
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Table 1. WHO specified default values of Relative risk (RR) (per 10 ug/m?® increase of daily averages for PM,,, SO, and NO,)
with 95% confidence intervals (95% CI), implemented in AirQ 2.2.3 software and used for the health effect estimates in this

study.
. . Relative Risk (RR)" Baseline Incidence
Pollutants Mortality/Morbidity (95% CI) per 10 g T per 100,000°
Total Mortality™ 1.0074 (1.0062-1.0086) 1013
Cardiovascular Mortality” 1.0080 (1.0050-1.0180) 497
PM,, Respiratory Mortality” 1.0120 (1.0080-1.0370) 66
Respiratory Disease (Hospital Admission) 1.0080 (1.0048-1.0112) 1260
Cardiovascular Disease (Hospital Admission) 1.0090 (1.0060-1.0130) 436
Total Mortality* 1.0040 (1.0030-1.0048) 1013
SO Cardiovascular Mortality” 1.0080 (1.0020-1.0120) 497
2 Respiratory Mortality” 1.0100 (1.0060-1.0140) 66
COPD* (Hospital Admission) 1.0044 (1-1.0110) 1014
NO Cardiovascular Mortality” 1.0020 (1-1.0040) 497
2 COPD* (Hospital Admission) 1.0038 (1.0004-1.0094) 1014

*COPD: Chronic Obstructive Pulmonary Disease
"Lower and upper limits (range) of RR values

“Baseline Incidence per 100,000 is based on threshold limit given in WHO guideline
International Classification of Diseases (ICD) code number: *ICD-9-CM < 800; YICD-9-CM 390-459; “ICD-9-CM 460-519

20 pg/m? respectively (WHO, 2006) were used in this
study.

2.1 Uncertainly Analysis

The purpose is to study the possible consequences
(i.e. uncertainty caused) because of not adopting area
specific (e.g., residential/industrial) ambient air pollu-
tion concentrations as compared to the city level aver-
age concentrations, instrumental uncertainty and un-
certainty due to power cut. The AirQ model calculates
central relative risks with the addition of lower and
upper bounds (i.e. range) for the 95% confidence inter-
val based on the input parameters (Table 1) for all the
pollutants. In each of the subsequent figures, solid bars
show estimated values of excess number of cases of
mortality and morbidity and thin vertical lines show
their lower and upper limits i.e. range for the 95%
confidence interval. Cardiovascular mortality and hos-
pital admission of COPD are having the highest uncer-
tainties while respiratory mortality is having the least
uncertainties (Gurjar et al., 2010).

2.2 Case Study: Mumbai, India

Mumbai metro is the capital of Maharashtra state in
the western region of India. With an approximate pop-
ulation of 18.4 million (CI, 2011), it is the second most
populous region in India. Such a huge population
makes Mumbai the largest energy consumer but envi-
ronmental conservation mandates and mild weather
condition make its per capita energy use the lowest
among all Indian states (EGI, 2014). Mumbai is the
financial, commercial and entertainment hub of India.
It is also one of the world’s top ten centers of com-

merce in terms of global financial flow, generating
6.16% of India’s GDP and accounting for 25% of in-
dustrial output, 70% of maritime trade in India and 70
% of capital transactions to India’s economy (TCPD,
2014). Major industries in Mumbai include chemical
products, electrical and non-electrical machinery, phar-
maceuticals, textiles, petroleum and allied products.
The methodology as recommended by WHO depends
mainly on the concentration of ambient air pollutants
and population data. The simple method by using all
air quality monitoring station data in the city and tak-
ing average of the concentrations for each time unit is
followed to evaluate human exposure. This average
value is the indicator of exposure of entire city popula-
tion. Monthly average of ambient air pollution concen-
trations (ug/m®) for the critical pollutants namely PM,,
SO, and NO, from all monitoring stations in Mumbai
during 1992-2013 are taken from Maharashtra Pollu-
tion Control Board (MPCB) and the published data
from the zonal laboratory of National Environmental
Engineering Research Institute (NEERI) in Mumbai.
Monthly average of all monitoring stations data are
calculated [with standard deviation (SD)] and consid-
ered as overall pollution level in Mumbai (Fig. 1).
Population data in year 1991, 2001 and 2011 are
taken from Press Information Bureau, Government of
India (PIB, 2011) and Census of India (CI, 2011). Pop-
ulation in consequent years from 1992 to 2013 are cal-
culated by population growth equation, P=P, exp(kt)
where P is final population, P, is initial population, t is
time (in years) and k is exponential growth factor. For
all the pollutants, the required parameters for the soft-
ware (annual, winter and summer maximum; annual,
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Fig. 1. Trends in annual average concentration (£SD) of
S0O,, NO, and PM,, in Mumbai.

winter and summer mean; and annual 98th percentiles)
are estimated and concentrations were recorded to 10
ug/m’ categories corresponding to equivalent expo-
sure. AirQ model computes mean relative risks with
addition of lower and upper bounds (i.e. range) for the
95% confidence interval (CI) based on input parame-
ters for all pollutants.

3. RESULTS

3.1 Application of AirQ Model

The excess number of mortality and morbidly due to
PM,,, SO, and NO, from year 1992 to 2013 is shown
in Table S1. Trend for excess cases of mortality and
morbidity attributable to air pollution in Mumbai from
1992 to 2013 are given in Fig. 2(a) for total mortality,
2(b) for cardiovascular mortality, 2(c) for respiratory
mortality, 2(d) for COPD morbidity (hospital admis-
sion), 2(e) for respiratory disease (hospital admission)
and 2(f) for cardiovascular disease (hospital admission).

3.2 Total Mortality

The excess number of premature deaths (i.e. total
mortality) in Fig. 2(a) has been taken into account by
using the effects caused by the total sum of two critical
pollutants (PM,, and SO,). The excess number of cases
[29315 (25035-33322 at 95% CI)] was the highest in
2006, it was parallel to the trend of maximum annual
average concentration of PM,, (251 pug/m’), though the
concentration of SO, (33 ug/m’) was not highest. In
1992, the excess number of cases was 8420 followed
by 16911 in 1997, 7518 in 2003, 20955 in 2004 and
15872 in 2013 (Fig. 2(a)). From 1992 to 2013, the
average of excess number of cases was 16259 (13776-
18629 at 95% CI). Excess number of cases (89-99%)
was responsible due to PM,, while 1-11% cases occurr-
ed because of SO, pollution during the study period.

3.3 Cardiovascular Mortality

Fig. 2(b) shows the excess number of mortality cases
estimated by AirQ software due to cardiovascular
problems owing to the total sum of three considered
pollutants (PM,,, SO, and NO,). The excess number of
cases [17809 (10079-32721 at 95% CI)] was highest in
2006. In 1992, the excess number of cases was 4914
followed by 9769 in 1997, 4235 in 2003, 13139 in
2004 and 9962 in 2013. From 1992 to 2013 the aver-
age excess number of cases was 9678 with high uncer-
tainty (5502-18778 at 95% CI). About 76-93% excess
number of cases have been observed due to PM,,, 2-
24% cases due to SO, pollution and 3-13% cases were
because of NO, pollution.

3.4 Respiratory Mortality

The excess number of respiratory mortality is shown
in Fig. 2(c) has taken into account the sum total of
effects caused by the two critical pollutants (PM,, and
S0O,). The excess number of cases [2923 (2082-5896 at
95% CI)] was highest in 2006, it was parallel with the
trend of annual average concentration of PM,, though
the concentration of SO, was not high. In 1992, the
excess number of cases was 889 followed by 1747 in
1997, 778 in 2003, 2187 in 2004 and 1628 in 2013. The
average excess number of cases from 1992 to 2013 was
1663 with high uncertainty (1157-3786 at 95% CI).
About 83-98% excess number of cases have been ob-
served due to harmful effect of PM,, while 2-17% cases
were because of SO, pollution.

3.5 Hospital Admission Due to COPD

As shows in Fig. 2(d), the morbidity (hospital admis-
sion) cases due to Chronic Obstructive Pulmonary
Disease (COPD) is shown a pattern similar to different
mortality. In 1992 the excess number of cases was 149
followed by 266 in 1997, 95 in 2003, 699 in 2004 and
580 in 2013. Average excess number of cases was 383/
year (32-918 at 95% CI). About 9-52% excess number
of cases have been observed due to the harmful effect
of SO, while 48-91% cases have been noticed because
of NO, pollution. After 2003 excess number of cases
due to COPD was mainly dominated by NO, pollution.

3.6 Hospital Admission Due to Respiratory
Disease and Cardiovascular Disease

The excess number of morbidity (hospital admission)
cases due to respiratory and cardiovascular disease is
shown in Fig. 2(e) and Fig. 2(f), which is caused by
PM,, only. In 1992 the excess number of morbidity due
to respiratory disease was 10568 followed by 21029 in
1997, 9960 in 2003, 25430 in 2004 and 20527 in 2013
(Fig. 2(e)). And, in 1992 the excess number morbidity
due to cardiovascular disease was 4081 followed by
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Fig. 2. Excess number of cases of (a) total mortality, (b) cardiovascular mortality, (c) respiratory mortality, (d) COPD morbidity,
(e) hospital admission respiratory disease and (f) hospital admission cardiovascular disease in Mumbai (Note: In this and subse-
quent figures, thick bars show estimated values of excess number of cases and thin vertical lines show their range for the 95%

confidence interval).

8072 in 1997, 3855 in 2003, 9755 in 2004 and 7905 in
2013 (Fig. 2(f)). Average excess number of cases due
to respiratory disease was 20620 (12961-27678 at 95%
CI) and for cardiovascular disease was 7928 (5510-
10860 at 95% CI).

All the figures in Fig. 2 are following the same trend
except COPD morbidity, because of decreasing trend
of SO, and NO, after the year 2006. The sudden
increase of excess number of cases in 2004 was due to
increasing widespread construction activities, increas-
ing number of vehicles and uncontrolled bakery indus-
try within the city, certain growth of illegal small scale
industries, crematoria emissions, open refuse burning
and solid waste landfill burning. To avoid biases gen-
erated by different population size and area (e.g. indus-
trial or residential), excess number of cases in one mil-
lion population had been estimated (Table 2). The
average excess number of cases per million popula-

tion/year were estimated from 1992-2002 and 2003-
2013 and it showed that except COPD, all types of
mortality/ morbidity increased by more than 30%. The
increase of health endpoints are due to increase of
PM,, in Mumbai. In 1992, average PM,, concentration
was 96 ug/m* and it became 124 ug/m? in 2013.

4. DISCUSSION

This paper offers a case study using the WHO appro-
ach to assess the impact of atmospheric pollution on
human health in Mumbai city. The health risk was
estimated based on exposure to PM,,, SO, and NO,. It
was observed that, in Mumbai, from 1992-2002, the
per million average excess number of cases for total
mortality, cardiovascular mortality, respiratory mortal-
ity and hospital admission of COPD, hospital admis-
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Table 2. Per million excess number of cases of mortality and mobility in average from year 1992-2002 and year 2003-2013.

Total Cardiovascular Respiratory COPD
mortality mortality mortality mobility HARD HACD
1992-2002 850 492 88 14 1069 412
2003-2013 1131 685 115 32 1442 553
% increased 33.04 39.37 29.58 129.57 34.88 34.38

sion due to respiratory disease and cardiovascular dis-
ease were 850, 492, 88, 14, 1069 and 412 respectively,
however, from 2003-2013 these figures became 1131,
685, 115,32, 1442 and 553.

In the previous study, Nagpure ef al.(2014) observed
that in NCT Delhi in 2010, 11394, 3912, 1697 and
16253 excess number of cases of total mortality, car-
diovascular mortality, respiratory mortality and hospi-
tal admission of COPD respectively were observed,
however, in year 2010 these figures became 18229,
6374, 2701 and 26525. In Pune city, the annual aver-
age excess number of cases of total mortality, cardio-
vascular mortality, respiratory mortality, hospital admi-
ssion of COPD, hospital admission due to respiratory
disease and cardiovascular disease were 3502, 2143,
372, 97, 4303, and 1660, respectively, during 2005 to
2013 (Maji et al., 2016a). Gurjar et al. (2010) observed
that for entire Delhi from 1998 to 2005, the per mil-
lion average excess number of cases for total mortali-
ty, cardiovascular mortality, respiratory mortality and
hospital admissions COPD varied between 750 to 930,
250 to 310, 110 to 140 and 105 to 130 respectively.
Lelieveld ef al. (2015) showed that air pollution is
responsible for 13500 deaths in Kolkata in year 2010.

From the current and previous studies, it is observed
that the excess number of mortality and morbidity is
quite high and it is basically due to particulate matter
(PM,,) rather than due to gaseous pollutants (SO, and
NO,). Different combustion processes were the main
contributors for PM in Mumbai like power plant, open
burning, commercial food sector and road transport,
and they contributed by 37%, 24%, 18% and 10% res-
pectively. A study by NEERI (CPCB, 2010) in 2010
found out that open burning and landfill fires of muni-
cipal solid waste (MSW) were a major source of air
pollution in Mumbai. The survey result showed that
about 2% of total generated MSW was burnt on the
streets and in slum areas, 10% of the total generated
MSW was burnt in landfills by management authori-
ties or due to accidental fires at landfill sites and huge
amount of CO, PM, carcinogenic HC and NOx were
emitted. The fine particulate matter PM, 5 (particles
with aerodynamic diameter <2.5 um) having much
more negative influence on lung function owing to
smaller size, was not considered in this study. Although,

the concentration of PM, 5 in Mumbai was higher than
the WHO guideline (10 pg/m?). The annual average
PM, 5 concentration in Mumbai from 2000 to 2010 was
78.8 +42 pg/m’, and in that period PM, 5 concentration
increased 24.6 pg/m® (Day et al., 2012). In 2015, the
annual average PM, s was 81 ug/m? (http://mpcb.gov.
in/). In the recent year 2016, the average PM,, concen-
tration is 138 pg/m?, which is about seven times higher
than WHO recommended guideline.

The implementation of clean fuel technology (CNG)
and EURO norms in vehicular emission standards and
phasing out industries from the city area are responsi-
ble for low concentration of SO, in Mumbai.

The pollution control authorities in Mumbai urgent-
ly need proper policies to elevate ambient air quality
in terms of PM,, levels to decrease the economic costs
of air pollution-related health impacts.

4.1 Limitations and Assumption

There are a number of methodological uncertainties
and limitations in the approach which need further
improvement to make the method robust. In particular:

a) In the present study, linear association between air
pollution concentration and health outcomes is
used but recent studies revealed the nonlinear fea-
ture of health effects by air pollution (Burnett et
al.,2014).

b) Relative risk values used in this study are experi-
mentally developed in United States of America
(USA), but a lot of uncertainty is involved when
these values are used in any other country like
India, as the climatic conditions and economic
backgrounds differ starkly from USA.

c¢) Pollutants are generally of mixed kind - outdoor
and indoor air pollutants - associated with syner-
gistic effect which is not considered in the study
(Fattore et al.,2011).

d) Since daily resolved data were not available for
cities, thus the annual average air quality concen-
trations were used whereas relative risk values
pertain to increases in daily average concentra-
tions. This may be a source of error in risk esti-
mates.

e) The accuracy of the air quality data as available
through pollution control board is uncertain due to



a wide variety of reasons such as frequent power
cut, manpower availability problem, calibration
error, and failures of air quality monitoring instru-
ments that might cause an error.

5. CONCLUSION

The proposed and applied methodology is a straight-
forward spreadsheet model using AirQ software to
assess human health effects attributable to air pollut-
ants in Mumbai. AirQ calculates the mortality and
morbidity for different pollutants individually and does
not consider the synergistic effects of multiple com-
pounds. Estimated excess number of cases are only
with reference to the concentrations of pollutants in
excess of the levels adopted in the WHO guidelines.
However, concentrations lower than the WHO guide-
line have also excess morbidity and mortality such as
long time exposure to PM,,. Hence, the pollution con-
trol authorities in Mumbai urgently need proper policy
to improve ambient air quality in terms of PM, levels.
Since all relevant air pollutant components were not
included, these mortality and morbidity numbers should
be interpreted as lower limits.

In India, PM, 5 and PM,, ratio is very high about
0.65 (Satsangi et al., 2011), which is much greater than
USA and Europe (Barmpadimos et al., 2012). Long
term exposure to PM, 5 is strongly related with isch-
aemic heart disease, cerebrovascular disease, lung can-
cer and acute lower respiratory infections. Coal based
power plant is a major source of energy and particulate
matter emissions from coal burning power plants was
responsible for 80 to 115 thousand premature deaths in
2011-2012 (Guttikunda and Jawahar, 2014).

For more extensive study, one needs to estimate
human health risk due to all the relevant pollutants
such as PM,,, PM, 5, O;, CO, NO,, SO, and polyaro-
matic hydrocarbons. And then, the governing parame-
ter like relative risk in WHO model should be devel-
oped for the country specific studies. In the absence of
these parametric values, WHO approach to assess the
impact of atmospheric pollution on human health can
be used to get an overall risk levels in the mega cities.
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Table S1. Different health endpoints due to PM,,, SO, and NO, from year 1992 to 2013.

Year Total mortality Cardiovascular mortality Respiratory mortality COPD mobility HARD HACD

Health endpoints due to PM,,

1992 7898 4169 804 - 10568 4081
1993 16588 8711 1628 - 22085 8458
1994 14083 7408 1399 - 18781 7213
1995 9854 5198 998 - 13177 5082
1996 10276 5419 1040 - 13739 5298
1997 15772 8295 1564 - 21029 8072
1998 13647 7187 1366 - 18220 7009
1999 11549 6089 1167 - 15438 5951
2000 11083 5846 1123 - 14821 5717
2001 8754 4623 896 - 11721 4531
2002 9411 4969 961 - 12598 4868
2003 7433 3929 765 - 9960 3855
2004 19081 10030 1886 - 25430 9755
2005 25340 13284 2455 - 33678 12860
2006 27743 14530 2670 - 36836 14045
2007 23477 12331 2293 - 31236 11949
2008 20756 10907 2047 - 27652 10601
2009 20464 10756 2021 - 27269 10458
2010 18610 9791 1850 - 24822 9534
2011 18076 9513 1801 - 24116 9268
2012 15289 8057 1538 - 20425 7896
2013 15365 8097 1546 - 20527 7905
Health endpoints due to SO,
1992 522 510 85 58 - -
1993 847 826 137 93 - -
1994 1413 1373 227 156 - -
1995 1266 1231 204 139 - -
1996 629 614 102 69 - -
1997 1139 1109 183 125 - -
1998 689 673 111 76 - -
1999 577 564 93 64 - -
2000 162 159 26 18 - -
2001 249 244 51 28 - -
2002 280 275 46 31 - -
2003 85 84 13 9 - -
2004 1874 1819 300 206 - -
2005 982 958 159 108 - -
2006 1572 1529 253 173 - -
2007 1122 1094 181 123 - -
2008 778 760 126 86 - -
2009 576 563 93 63 - -
2010 857 837 139 94 - -
2011 620 601 100 68 - -
2012 408 399 66 45 - -
2013 506 497 82 56 - -
Health endpoints due to NO,
1992 - 235 - 91 - -
1993 - 295 - 114 - -
1994 - 471 - 182 - -
1995 - 335 - 129 - -
1996 - 368 - 142 - -
1997 - 365 - 141 - -
1998 - 219 - 85 - -
1999 - 360 - 139 - -
2000 - 363 - 140 - -

2001 - 312 - 121 - -
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Table S1. Continued.

Year Total mortality Cardiovascular mortality Respiratory mortality COPD mobility HARD HACD

Health endpoints due to NO,

2002 - 172 - 67 - -
2003 - 222 - 86 - -
2004 - 1290 - 493 - -
2005 - 1208 - 462 - -
2006 - 1751 - 667 - -
2007 - 1405 - 537 - -
2008 - 1279 - 489 - -
2009 - 1351 - 517 - -
2010 - 1410 - 539 - -
2011 - 1219 - 467 - -
2012 - 1068 - 410 - -

2013 - 1369 - 524 - -




