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Abstract

Ambient air pollution is the largest environmental risk factor for public health globally,
which claimed around one-seventh of the total health causalities. In India, ambient PM, s-
attributable health burden is expected to elevate over the upcoming decades and the populace
may face calamitous consequences due to its enormous population size and aging factor. To
alleviate the growing mortality burden, India aspired to achieve the United Nations’ Sustainable
Development Goal (SDG-3.4) target, which is to reduce the health burden by one-third by 2030
relative to that of 2015. It is unknown whether the existing emission control pathways are
sufficient for this attainment nationally and at subregional level; and if not, then what would be
the subsequent exposure-reduction targets? Moreover, the current trajectory of emissions would
further degrade air quality and potentially lead to increasing warming in foreseeable future,
which may increase the health causalities by manifolds. Therefore, it is necessary to have an
ahead-of-time estimate of potential health benefits due to following the air pollution and climate-
control pathway as compared to the business-as-usual trends. Consequently, the exiting
environmental policies to combat air pollution burden and its attributable health effects have met
limited success. This is because the effect of demographic distribution of the sub-populations,
leading to differential air pollution exposure levels across the subregions, is unknown in India
and has yet to be incorporated into the strategic implementation of such policies and
interventions. Evolving studies have reported strong association between ambient PM, s with the
non-communicable diseases (NCDs); however, its distribution across diverse demographic
subgroups is unknown in this socially diverse country. More importantly, knowledge-gaps exist

if such exposure disparity is associated with differential health effects among the sub-
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populations; and hence, lead to disproportionated PM; s-attributable health burden for various
NCDs, which is currently missing in the global burden of disease (GBD) framework.

In this thesis, the disparity in ambient PM, 5 exposure is examined across various population
subgroups in urban and rural India and its changes in recent years are analyzed by integrating
satellite-derived PM, s concentrations (1-kmx1-km) with the socio-demographic information
from the 4™ (2015-16) and 5™ (2019-21) rounds of the National Family Health Survey (NFHS).
Then, the hierarchical logistic mixed effect model is used to estimate the association between the
odds of diabetes, high blood pressure (HBP), and heart disease with satellite-derived PM; s
exposure stratified by participants’ gender, wealth, and caste; adjusting for socio-demographic
confounders. And then, following the global burden of disease (GBD) framework, the model-
derived risk estimates are used to assess ambient PM, s-attributable health burden across the
subgroups. Larger absolute disparity (60-90 pg/m’) is estimated across the states with high
socio-demographic index (SDI) as compared to the middle and lower SDI states. Moreover, it is
discovered that ambient PM; s exposure is higher (indicated by relative disparities in terms of
Zscore) among the top and bottom quantiles of wealth-index and the other backward caste
subgroup (Zscore>+0.02, p<0.1) than among their demographic counterparts in middle and high
SDI states. From 2015-16 to 2019-21, the disparity in ambient PM, 5 exposure across subgroups
increased in urban areas, while it either remained static or decrecased in rural areas.
Consequently, ambient PM; s-diseases’ association varies across sub-populations and is higher
among males (mean odds ratio 1.049 vs 1.039) and OBC (1.078 vs 1.044) relative to females and
other caste-subgroups, respectively. The PM; s-diabetes association consistently increases from
poorest to richest (1.025 to 1.062), while decreases for other two diseases of concern.

Additionally, it is estimated that males, OBC, and deprived subgroups suffer from excess
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morbidities [2.02-11.79 million (1.86-13.92)] than their demographic counterparts,
predominantly from diabetes and heart disease. India’s urban-centric approach to addressing air
pollution may further exacerbate disparities among diverse demographics. Therefore, it is
recommended to formulate targeted policies, aimed at reducing ambient PM; s exposure and
alleviating disparities, by prioritizing action plans, policies, and interventions for the vulnerable
subgroups. India should implement air pollution mitigation mandates prioritizing the vulnerable
subgroups, along with controlling other modifiable risk-factors, simultaneously, to achieve

environmental and health equities in the foreseeable future.

To assess the effects of ambient PM; s exposure and its sectoral contributions in shaping
future air quality and its health and economic futures. The health burden attributable to sector-
specific primary and secondary emissions is apportioned from local and regional sources at state
levels for the base year of 2015 and projected for 2030 under three GAINS-simulated contrasting
air pollution emission pathways [Business-as-usual (BAU), Advanced Control Technology
(ACT), and Sustainable Development Scenario (SDS)] by integrating into the Global Burden of
Disease (GBD) framework. It is estimated that PM, s-attributable premature deaths to change
from 0.72 million (95% uncertainty intervals, Uls: 0.53-0.89) in 2015 to 0.79 (0.57-1.1), 0.76
(0.6-1.1), and 0.63 (0.48-0.81) million in 2030 under these pathways, respectively. Only 13
states in India will achieve the SDG-3.4 goal if they meet their closest clean-air targets (40 pg/m’
or below). For the remaining states, the exposure targets are far-fetched and will require larger
efforts than those envisioned under the aspirational SDS pathway. Following the decarbonization
scenario (2°C-Warming Scenario), resulting in lower PM, s concentration and may restrict the
warming level below 2°C by the end of the century, may prevent 0.77+0.19 million premature

deaths and 18.744.3 million morbidities by mid-century. These translate to an aggregated



economic benefit of 18.9+4.4 billion Euros annually. Domestic and energy sectors (power plant
and industries) would have largest shares in future health causalities; but these sectors would also
provide maximal health benefits upon prioritization. However, the projected health impacts are
not necessarily lower in climate-control scenario than baseline; because of increasing size of
vulnerable population may elevate PM; s-related health effects. For most states, changes in socio-
demographic factors (population growth, its aging, and declining baseline mortality/morbidity
rates) would play predominant roles than the exposure level in shaping future health impacts.
India should adopt the strictest implementation strategy to curb emissions of primary PM; s and
precursor gases, with priority on residential and commercial sectors through a multistate
conjugate action plan and an accelerated transition to clean energy. Policies aiming to reduce
PM, 5 exposure alone are not sufficient, and the policies should plan beyond the current National
Clean Air Program and make efforts to control other risk factors (that co-impact baseline

mortality rates) simultaneously for considerable health benefits.
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ARTRT

TATaRuTg arg UgWUT affe TR TR Taei-e Wed & e Iad J81 gafaruiyg siied

BRG §, Sl ol W GIFA! BT T Tdal GeT a1 § | HRA H, PM, s b HRUT g arall

WY g 3 a1 B! | 3R AP F¢ B YU 5, 3R 3! fAd SEa 3R

JG Il SEReAT & HRUT &= D! THR TRUTHT &1 JTH1 A1 U8 Fhell & | Sgall Jog & Pl
HH B B L, YRA 3 IGerd Y & Hold [dB™ T8I (SDG-3.4) DI YT DI I 3ThI&T

STaTs €, ST 3E-F 2015 B gaT H 2030 TF WA 1 DI Th-A8s d® &H BT 5
I I g1 § fob T Il I A1 5 & D1 AP 3R JU-&317 TR W UG B
& foQ yate § a1 98; iR afe T&l, df fhr Sia<ae Uguul-3cioi | deld! & &g T 8
MY TP ST, TAH IToi- UgHl arg oraw ®I 3R TS Favd! § R Juifad &4
¥ yfasy & Tl 6 TgT ot B, ORI TRy g1l 58 1T 9¢ Whdl § | i I8 IR §
3 g UgwuT 3R STaary A AR &7 UTe 63 ¥ 89 aTd SHTfAd Wl arl &1 wd
¥ Ugd SAM AT S, difds Hau-guad Ygrl & ga-l J 9gaR UMHITd §18 off
P | TS URUIHGRY, arg UguUl ¥ g a W gumal § fued & o A
gataRuitg fifadl & Wit et el 81 $9®T SR I8 § fb YR H Y-S gl
& SFIRADIT fARU 3R THY I I UGHUT B RHFAT & THal &1 onft I
oA ot 3R gxaadl # wnfid et foar 1 g1 IHRA gU S1ead SRd § 1 PM,s
3R IR-UhH® I (NCDs) & aid Holgd T8¢ g; Afe 39 fafqy g <1 # fafta
SRS 1 THg! & S PM, s & fAaR0T & ST RT 3 off 31edt 3 | T Agayul a1d I8

2 % ug F1d 781 & T 1 39 AT &1 Yoy fAftre TRy gvral 9 §; 3R 39 TRe A U8
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faftrar Iu-sEEslt & foIT SHM PM, s-Si-d WY g IS4 BT 8, o adaq &

3f¥e T YR (GBD) & § Wfid e} frar man 31

9 MY T, 6T SR wrior YR F i S ie SU-Sg! & o d PM, s Bt SRIA
&1 fa=awur foan 71 § SR BT & auf H 39 uRadHl &1 Sied fobar T ¢ 39 fag
UG- PM, s Figdl (1t x 1-fbh) BT st aikaies ey wdamn (NFHS) & @i
(2015-16) 3R TR (2019-21) TR B} FHIG-SHIRIG T THHRT I SireT 77 g1 fR,
diRes HRE Shae Alsd &1 SUAN HRa, HYHE, I Idad1d (HBP), 3R §ad I &
fore Iuwg-SeTid PM, s & WU & W1 Heiell o1 SIFHH UfaHTiEal & o, Tufy, sik Sifd
& SIER fohdT T §; WY & AHIfoTh-SHNiReI® 1 Y HRS! & forg oM foar
g1 $9% 91, GBD &1 & SUR, HIsd-dd S IHH! BT IUIRT B> JU-UHg! &
9 PM, 5 ¥ ST WA I HIHT TT §1 I AT - S RAB T Jadhids (SDI) ardl
It T 3B (60-90 pg/m?®) SRAHTAT BT 3HM g, S Hed 3R 49 sp1 Ia & T8
HH g | TP SfTAT, Tg U T fob 3 3R 9 Tufy-aesie ara 9ut fUsst aif (0BC) &
SU-THEI & PM, s BT ¥US & (Zscore>+0.02, p<0.1) &, ARTHR AeqH 3R I SDI A
H12015-16 § 2019-21 & &9, WG &A1 T IU-THG! & §1d PM, s S0P T SITHMT T¢l &,
wrsfe o &3 H Tg fRR 181 a1 9t 31 59 IRV, PM, 5 3R SHTREl & offa ey
faftm Iu-Seemsll & e BT § 3R I8 Tou! (SiId 3y SUTd 1.049 S 1.039) 3R
OBC (1.078 ST 1.044) & Afgaail 3R g Sfadl &1 T & 3HfIH &1 PM, 5 3R AYAE &
I dY I8 TR T JaY 3HR 9% F¢dT 8 (1.025 F 1.062 TP), Sd(P 37 af SiAlal &
foT 78 "ear 1 SU% Sifafkad, I8 SiaM § fo 79, oBC, 3R dfed wig 31 ot 9
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T § [2.02-11.79 AT (1.86-13.92)] — faRW U T AYHT 3R T AT I | YR & U&-

Hicd arg uguur ifd fafay SHaiRerea gl # SRHMT & 3R 9¢1 Tdbdt o 3(d: T8
RropTiRer &1 S1ch & b @iféra fiferat s S, S P, 5 WU 1 HH B 3R SRGAMAIST Pl
geTy, fIRIvHR IR IU-Tg! & o | YR &I T 91 Uguur -gH1hR0T UMl Somt
MY S HHOIR SIS Tl I TUHHar & 3R 39 URad-1g SiH HRS! Bl Ht
frdfid o, forad gafarur 3R T H HHd UIwd &1 off Yob |

PM, s §U% 3R 3% &5 GRTeH! & WA, arg e, SR 3 gvmal &1 ufasy o
IMHAT PR F AT, & SR To9-Tg Al & Wi SiR fgdias Sl 3 3o
ARG SIS BT 2015 B YR T 3R 2030 P 1T STH TR 7T § | $HP folT i GAIN'S-
Rpgeies arg Uguul IS AN [SIaUE-UIad (BAU), Sad FU0 W (ACT), 3R
Idd faer uike=d (SDS)] &1 GBD &id H SISl 1 81 3HM § fh PM, 570 I90 § gd
Ad 2015 ® 0.72 TR (95% MR RIS 0.53-0.89) A TgBR 2030 H HH: 0.79
(0.57-1.1), 0.76 (0.6-1.1), 3R 0.63 (0.48-0.81) AT dF Ugd AHh«ll 81 Had 13 HRAW
S SDG-3.4 A& &1 Ut HR G187 fg o 30 Fa Aoicio] Wad arg A&l (40 pg/m? Il
I HH) B QU | 34 A1 b oY 7163 i § SR SDS AN & HhTarel 3Hfereb T
DI TAIHT BT | FEHEMTZOIRM URERT (2°C dUgfa TReE=d), S/ pPM2.5 &t Figdr
& g Ghdl ¢ 3R dled! & 3fd dh oM Jfg B 2°C F =Hd S fosar S g g,
I TIHT 0.77+0.19 e Twa ¥ qd Aid 3R 18.7+4.3 e Siwifal At o1 wawcdt
2| 3UHT Hd Al I ATH T 18.9+4.4 fIfera RY BT ek 3R it & (farerett
T SR ) Hidw # Wy g1l # 9o 99 dREMGd! g, i 39 &l Pl
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IRl 31 9 Ta it Ty o +ff fira Ood §1 gTaifs, a8 sawus gl g f&

SAarg-fAE0T uiesy § Wy gUE d9as i godl 3 & gl Jifd ded! ddgasid

STRIRST BT THR PM, 5 § Ta{d TG YHTA! B 9¢1 JobalT g | BT Isal H Irnfore-

SHIRAD T HRD! (SFES IS, TSR, R ged! JHAE! /B0l &%) BT THG
PM, s T WR T 3fH T HRA B URIHS PM, 5 3R SUD 3FIGd 1 & Ioqoid Dl
Ah & 1T Ja HoR OFITT AT AR, R g Igad S aiorT 3R W
Soll B 3R @R YhHUT BT STIRAH T & | I PM, 5 HUb Bl HH B arell fadl uafed
I &, ek I8 IAHH TP Wed a1y BRIHH J 3 dgd U 3 SNRAH HReD! BI i
RT3 AT AR, o Seeieiig TRy o UTed foban &1 Feb |
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