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HUMAN HEALTH RISKS IN MEGACITIES DUE TO AIR
POLLUTION
PUCKU JJIA 310POBbSA YEJIOBEKA B MET'AIIOJIMCAX U3-3A
3AT'PA3ZHEHUS BO31YXA

AHHOTALIUA. Omo uccnedosanue oyeHugaem pucku 07 300P08bs 8
Me2anonucax no cmepmuocmu u 3abonesaemMocmu 6 pe3yibmame 3a2pA3HeHUs
6030yxa. Hoseas modenv mabauyvl, puck cmepmuocmu / 3abonesaemocmu uU3-3d
saepsasnenus 6o30yxa (Ri-MAP), ucnonvzyemcs onsi oyenku uzObimouno2o uucia
cnyyaes cmepmu u OonesHen. B cmamwve uccnedosanue oyenusaem pucku 0
300p06bs1 8 20POOAX-MULIUOHHUKAX 8 NIaHe 3a06071e6aeMoCmu U CMepPMmHOCIU Om
saepsiznenus 6o30yxa. Oyenxku pucka, noayuenuvie om RI-MAP, npeocmasnsiom
PeanucmuuHylo 0a308y10 OYEHKY HOCIeOCMBUAMU 3A2PA3HEHUs amMOCHepHO20
8030yXa NO CPABHEHUIO C NPOCMbIMU NOKA3AMENIMU KAYecmea 6030yXd, U MO2ym
ObLIMb pacuiupenvl U YIYyYUeHbl NApallelbHO C pas3sumuem cemeti MOHUMOPUH2A

3aepA3HeHUs 6030)Xa.
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ABSTRACT. This study evaluates the health risks in megacities in terms of
mortality and morbidity due to air pollution. A new spreadsheet model, Risk of
Mortality/Morbidity due to Air Pollution (Ri-MAP), is used to estimate the excess
numbers of deaths and illnesses. In the article the study evaluates the health risks in
megacities in terms of mortality and morbidity due to air pollution. The risk estimates
obtained from Ri-MAP present a realistic baseline evaluation for the consequences of
ambient air pollution in comparison to simple air quality indices, and can be
expanded and improved in parallel with the development of air pollution monitoring
networks.

KJIDYEBBIE CJIOBA: Kpumepuu 3a2psA3HeHUs, CMepmHOCMb,
3ab01e6aemocmo, OMHOCUMENIbHBIUL ~ PUCK, CcepoeuHO-coCyOUCmlli  PUCK,
DpecnupamopHblil puck, 20CHUMaiu3ayusl.

KEY WORDS: pollution criteria, mortality, morbidity, relative risk,
cardiovascular risk, respiratory risk, hospital admission.

Megacities are very large urban sprawls confronted with a multitude of
environmental challenges including soaring air pollution emissions. Thus megacities
tend to be global risk areas and their inhabitants are vulnerable to air pollution
induced adverse health impacts. Such risks need to be estimated to help initiate
national and international efforts to improve the sustainability of megacity life
worldwide. Several studies have been conducted on air pollution emissions and their
implications in megacities. In the article study evaluates the health risks in megacities
in terms of mortality and morbidity due to air pollution. A new spreadsheet model,
Risk of Mortality/Morbidity due to Air Pollution (Ri-MAP), is used to estimate the
excess numbers of deaths and illnesses. By adopting the World Health Organization
(WHO) guideline concentrations for the air pollutants SO2, NO2 and total suspended
particles (TSP), concentration - response relationships and a population attributable-
risk proportion concept are employed. The Ri-MAP model uses the WHO default
values of relative risks and baseline incidences related to different air pollutants and

various types of mortality and diseases as listed in Table 1.



Table 1

WHO default values of relative risk (per 10 pg m >

increase of daily averages for SO3,

TSP and NO3) and baseline incidence (per 100,000) corresponding to mortality and

morbidity.
Pollutant Mortality/Mobidity Relative Risk (RR) Baseline incidence
Per 100,000 (I)°

S05 Total 1.004 (1.003—1.0048)¢ 1013
Cardiovascular 1.008 (1.002—1.012) 497
Respiratory 1.010 (1.006—1.014)

COPD?* Morbidity 1.0044 (1—1.011) 101.4
(Hospital Admissions)

TSP Total 1.003 (1.002—1.007) 1013
Cardiovascular 1.002 (1—1.006) 497
Respiratory 1.008 (1.004—1.018)

COPD* Morbidity 1.0044 (1—1.0094) 101.4
(Hospital Admissions)

NO» Total 1.002 (1—1.004) 497
Cardiovascular 1.002 (1—1.004) 497
Respiratory - -

4 COPD: Chronic Obstructive Pulmonary Disease.

b Baseline Incidence per 100,000 is based on threshold limit given in WHO

guideline.

¢ Lower and upper limits (range) of the 95% confidence interval of RR values.

Quantification of the health impacts caused by exposure to a particular air

pollutant is based on the population attributable-risk proportion (AP) concept. The

attributable-risk proportion (AP) is the fraction of health impacts which can be

attributed to the exposure in a given population for a certain time period. This model

is based on the following formula presentedbelow.

AP = S "[{RR(c) - 1} = p())/ Y _{RR(c) = p(c)}. (1)
RR(c) = (C—T)/{10 % (RR — 1)+ 1} (2)
IE = I x AP (3)
NE = [E x N (4)
INE = [ —IE = I % (1- AP) (5)
Al{c) = (RR(c) — 1) x p(c) x INE (6)

ANic) = Al{c) = N (7]



To test and apply the above methodology, a case study has been performed to
determine the interannaul variation of the excess number of cases in megacity Delhi.
The methodology described above depends mainly upon population data and ambient
air pollution concentrations. Since we had only the census of 2001 available for
population, we have considered population forecasts carried out by the Delhi

Planning Commission for other years.

Table 2
Population estimates and annual average concentration of SOs, NO2z and SPM in
Delhi.

Year Population SO5 (nem ) NO5 (ngm 2) SPM (pg m 2)
1998 13,040,000 18 35 361
1999 13,598,000 18 33 362
2000 14,097,000 18 36 405
2001 14,549,000 14 34 348
2002 15,106,000 11 39 443
2003 15,668,000 10 45 352
2004 16,231,000 9 48 357
2005 16,791,000 9 50 330

The results obtained from the above case study using Ri-MAP incorporating the
concentration response Eqgs. (1)-(7) are shown in Fig. 1(a)-(d). Fig. 1(a)-(d) shows a
constant increase from 1998-2002 (apart from the dip in 2001) in the number of
excess cases of mortality and morbidity attributed to air pollution in Delhi. After
2002, there is a sharp decrease and then an almost constant trend in both the mortality

and morbidity effects of air pollution.
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Fig 1. Excess number of cases ‘AN(c) of (a) otal mortality, (b) cardiovascular mortality, (c) respiratory mortality, and (d) COPD morbidity (hospital admissions) in Delhi. (Note: In
this and subsequent figures, thick bars show estimated values of exce ss number of cases and thin vwertical lines show their lower and upper limits i.e. range for the 95% confidence
interval)l



To study the possible consequences of (i.e. uncertainty caused by) adopting
area specific (e.g., residential/industrial) ambient air pollution concentrations as
compared to the city level average concentrations, we have used Ri-MAP to estimate
health risks for both the entire city and different areas. The model computes average
relative risk estimates along with lower and upper limits (i.e. range) for the 95%
confidence interval. In each of the subsequent figures, solid color bars show
estimated values of excess number of cases and thin vertical lines show their lower
and upper limits i.e. range for the 95% confidence interval. Fig. 2 shows the results
for industrial areas (Ind. Av.; average of three station data), residential areas (Res.
Av.; average of six station data) and for the entre city (Total Av.; average of nine

station data).
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Fig 2. Per million excess number of cases of (a) total mortality, (b) cardiovascular mortality, (c) respiratory mortality, and (d) COPD morbidity (hospital admissions) in different
areas (e.g. entire city, industrial area, residential area) of megacity Delhi.

Following the case study of megacity Delhi, we have applied the Ri-MAP
model to assess the health risks in different megacities and then rank them according
to the levels of air pollution. Table 3 illustrates the population and annual average
concentration of TSP, SO2 and NO2 in different megacities used in Ri-MAP to

calculate the excess number of mortality and morbidity cases.



Table 3
Population and annual average concentration of TSP, SO, and NO, in different
megacities (Source: Gurjar et al., 2008).

Megacities in 2000 Population = 1000 TSP S04 NO-
(igm™) (ugm™) (pgm—)
Tokyo 34,000 40 19 55
Mexico city 18,500 201 47 56
MNew York 18,000 27 22 63
Sao Paulo 17,500 53 18 47
Mumbai (Bombay) 16,000 243 19 43
Kolkata [ Calcutta) 13,500 312 19 37
Shanghai 13,000 246 53 73
Buenos Aires 12,500 185 20 20
Delhi 12,000 405 18 36
Los Angeles 11,500 39 9 66
(long beach- Santa-ana)
Osaka-Kobe 11,500 34 19 45
Jakarta 11,000 271 35 120
Beijing 11,000 377 90 122
Rio de Janeiro 11,000 139 15 60
Cairo 10,500 593 37 59
Dhaka 10,000 516 120 83
Moscow 10,000 150 15 170
Karachi 10,000 668 13 30

Mote: 1. Out of 54 (ie. 18 = 3) observations, sample sizes for different years were as
follows: 1990 (n=1), 1992-1994 (n=3), 1995 (n=7), 1998-1999 (n=13), 2000-
2001 (n=30).

2. Threshold wvalues for different pollutants considered in calculations;
TSP=90pgm— (WHO, 1987), SO,=50pgm— (WHO, 1987, 2000), and
NO; = 40 pg m— (WHO, 1997, 2000, 2006).

Among the megacities considered (UN, 2004), Tokyo has the largest
population, around 34 million and Karachi the smallest with about 10 million. Also,
Table 3 shows the annual average ambient air concentrations of the pollutants used in
Ri-MAP.

The excess number of deaths, (i.e. total mortality) shown in Fig. 3 has been
calculated taking into account the sum total of effects caused by the three criteria air
pollutants (TSP, SO2 and NO2). As the Ri-MAP model estimates the effect of
pollutants only above the WHO guideline concentrations (WHO, 1987, 1997, 2000),
megacities like Osaka Kobe, Sao Paulo, Los Angeles, New York and Tokyo show
very low number of excess cases (w60e500). The excess number of cases is highest
in Karachi (w15,000/yr), Dhaka (w14,700/yr), Cairo (w14,100/yr), Beijing



(w11,500/yr) and Delhi (w10,500/yr). Consequently, these cities are characterized by

a greater health risk due to air pollution compared to other megacities.
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Fig. 3. Excess number of cases ‘AN(c)’ of total mortality/year representative of the late
1990s/2000.
When we consider cardiovascular mortality, even the cities which show no excess
cases of respiratory mortality emerge with significant number of excess death
cases.This is due to the fact that this category of mortality is related to a high level of
NO?2 in the atmosphere, and in several megacities the ambient NO2 level exceeds the
WHO guideline concentration.
The morbidity (hospital admission) cases due to Chronic Obstructive Pulmonary
Disease (COPD) show a pattern similar to that of cardiovascular mortality.

Gurjar et al. (2008) presented a ranking of megacities in terms of air quality
based on the Multi Pollutant Index (MPI). This index takes into account the
concentrations of different pollutants relative to guideline levels provided by the
WHO. It can be inferred from Table 4 that the rankings of most of the South Asian
cities like Karachi, Delhi, Kolkata, and Mumbai are higher (i.e. more polluted) in
terms of health risks based on the Ri- MAP model than those based on the MPI
indices. The MPI provides rankings on the basis of pollutant concentrations whereas
Ri-MAP explicitly takes into account the health risks, and incorporates the different

relative risks caused by air pollutants.



Table 4
Ri-MAP based ranking of megacities in terms of different categories of mortality,

morbidity (COPD) and MPL

Cities Total Cardiovascular Respiratory COPD MPI
mortality mortality mortality morbidity
Tokyo 14 14 = 14 16
Mexico City 10 10 8 10 10
New York-Newark 15 15 = 15 14
S5ao Paulo 17 17 - 17 17
Mumbai 7 9 7 8 11
Kolkata 6 6 6 6 9
Shanghai 9 g 9 9 8
Buenos Aires 11 12 11 12 13
Delhi 5 5 5 5 7
Los Angeles 16 16 = 16 15
Osaka-Kobe 18 18 — 18 18
Jakarta 8 7 10 7 5
Beijing 4 2 4 4 2
Rio de Janerio 13 13 13 13 12
Cairo 3 4 3 3 3
Dhaka 2 1 1 1 1
Moscow 12 11 12 11 6
Karachi 1 3 Bt Bt 4

We have proposed and applied a straightforward spreadsheet method, the Risk
of Mortality/Morbidity due to Air Pollution (Ri- MAP) model. It aims to help
estimate human health effects of air pollutants in urban areas (e.g. megacities) by
calculating the numbers of excess cases of different types of mortality and morbidity

based on international air quality standards.
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