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Abstract

Air pollution is the leading environmental health risk factor globally. Nitrogen dioxide (NO3)
is a criteria pollutant associated with adverse health effects. Children are the most susceptible
group due to developing organs, longer life expectancy, and potential lifelong health impacts.
In India, the focus has been mostly on ambient PM2s; hence, understanding the space-time
variability of NO2 and the potential role of different NO2 sources is required. Moreover, the
scarcity of ground-based Nitrogen dioxide (NO2) measurements poses a major roadblock in
conducting a comprehensive exposure assessment and associated health impact studies.

Furthermore, no operational monitoring sites in rural India exacerbate the challenge even more.

This work aimed to develop a high spatial scale NO2 exposure dataset for India and to
understand the expected child respiratory health benefits of mitigating NO, over India. The
four primary objectives are as follows. First—to examine the long-term spatial heterogeneity
of NO; and its linkage to major contributing sources (e.g., transportation, power plants and
industries) across the Indian region. Additionally, it investigated the NO; variability in land
use patterns and its changes over the years 2005-2019. Second—to develop the first national
scale annual NO> exposure dataset for India from 2015 to 2021 at a fine spatial scale (100x100
m) using the satellite-based land-use regression modeling technique. Third—to quantify NO>
exposure in Indian administrative boundaries and disparities in various population subgroups
based on wealth index, ethnicity, and place of residence. Fourth—to assess the burden of acute
respiratory infections (ARI) among children below age 5 (B5) attributable to ambient NO> and
to evaluate the health benefits in terms of ARI prevalence if India meets World Health

Organisation (WHO) air quality guidelines for NOa.

We analyzed tropospheric NO> vertical columnar densities (VCDs) from the Ozone Monitoring
Instrument (OMI) onboard the Aura satellite at a resolution of 0.1° x 0.1° for the period 2005
to 2019. We calculated linear trends in tropospheric NO2 VCDs and performed a significance
test to ensure real changes. We also analyzed the long-term changes in NO2 VCDs in various
settlement classes—high-density urban, low-density urban, rural, and no-settlement using
Global Human Settlement Layer data. The spatial analysis found higher tropospheric NO>
VCDs (>5x10% molecules/cm?) in eastern (coal belt with many power plants) and northern
India, along with a few locations in central India. The change in tropospheric NO2> VCDs

during the last 15 years showed an increasing trend (>2x10'® molecules/cm?) in most parts of
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India. Tropospheric NO2 VCDs increased by 12.5% to 29.6% from 2005 to 2019 across all
levels of land settlement in India. Here, we suggested considering NO2 as an important
pollutant besides PM2s and developing a NO2 exposure model for further impact assessment

studies.

For the exposure model, we used a supervised forward additional linear regression method for
model development using 804 CPCB monitoring stations (157 automatic and 647 manual) and
209 predictor variables, including satellite NO2 and geographic variables. Model diagnostics
and cross-validation were performed using standard methods. Ordinary kriging was applied to
the final model residuals. Our best model with kriging explained 70% variability in NO, with
a spatial root mean square error of 7.2 pg/m. National population-weighted-average-
concentration (exposure) of NO, ranged between 22.1 to 22.7 ug/m® from 2015 to 2021. NO-
exposure levels were highest in states with low socio-demographic index (22.1 pg/m?),
followed by middle (16.6 pg/m®) and high (16.2 pg/m®) in 2019. To our knowledge, this is the
first such long-term NO: exposure model LUR model specific to India and is available to

interested researchers.

Over the years, 92% to 94% of the Indian population has been exposed to NO, exposure levels
exceeding the WHO AQG of 10 pg/m® with cities like Mumbai, Kolkata, and Delhi
consistently surpassing the national standards of 40 pg/m3. Urban, wealthier, and ethnic

majority populations subgroups experience higher exposure levels than their counterparts.

For the epidemiological study, we used Indian National Family Health Surveys, NFHS-4,
conducted from 2015 to 2016. We analyzed cross-sectional associations between annual
exposures to NOz and ARI in B5. Maternal, child, and household factors were adjusted using
a multivariate logistic regression model. We performed a stratified analysis based on place of
residence for NO,. The ARI prevalence was 2.82%. We found a 10 pg/m? increase in NO2
was associated with greater odds of having an ARI (OR: 1.26; 95% CI: 1.2-1.3). We observed
evidence of effect modification by place of residence, suggesting greater effects of NO2 on ARI
in children living in rural areas (OR: 1.47; 95% CI: 1.4-1.6). The district-scale health benefit
analysis suggested that national ARI prevalence would decrease by up to 7.1% and 14.3%
relative to ARI prevalence in 2015-16 if all district achieved their nearest WHO interim targets

and if districts met WHO AQG, respectively—helpful in achieving Indian National Health



Policy's goal for non-communicable disease-related premature mortality reduction by 25% by

2025.

These outcomes indicated that only NCAP for PM2s reduction is not sufficient; India needs

sector-specific emissions reduction policies to reduce ambient air pollutants.
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T (Abstract in Hindi)

IR UgHUT afid TR IR THE Jafaruiig Wy S &R ¢ | ARcior Seiass
(NOy) UfiHd WA THTa! ¥ S[S1 U AFcs Ugy® ¢ | famm=iia S, Sielt Siia ream=m
3R HUTId SHTelia WA THTA! & HRUI 9o Ty Fde-=id 998 ¢ | YRd §, T ®4
T gRa=ft PM,s TR &I dfsd fam a1 3; 39T, NO, 3 RIF-THT URad-=iTaar 3R
fafird NO, Tl &I FUITIT YAHT BT THIAT AT ¢ | ST SQTal, SHIF e
ATgeIo SIESHIES (NO2) AT &I HH TS SIRGH Jedidh 3R Hefid Wed gHEa
3T P H U g 94T IUF P! g1 Yb 3AATaT, AH HRA H Pl IR
R T8 AT B 3R+t 31t FeT St ]

9 P BT IeT R & iU 3= Wifed THM TR NO, THRIOR Serie s o
3R URA & NO, B! HH I & SUTAT STeT Y- WG AU I JHST ¢ 1 IR WD
36X 3 UPR gl UG- NO, BT Sadhiicaid R fafdedr ok IR URdg &F ¥ ug@
TG & ard Al (oY, fooTel Tga iR IaNT) ¥ SUF JIS1d B ofid ATl TqP
3ffaf¥ed, T 2005-2019 & SR YfH ITIRT U & NO, URad=AddT 3R $Hd URad-i
DI ST B G- IUUs-SATURT YH-ITINT UfaTa ArSfelT dh-iids BT TN dHRap
2015 H 2021 TP HRA b 1T T 3w RS YA (100x100 HIER) TR UGl P TR P
Y NO, TRTAIGR SeRIe fAHRIT BT THRRT- ¢F Yadhids, Skadr 3R e -
& YR W HRAT YRS Farsft iR fafid S Suaqgl § sramarst § NO,
Sifan @t arm Fyffed w1 der- aRaha No, & &R 5 9 (B5) § HH 39 & I §
A1 4T GHHUT (ARI) F TN BT SATH AT HAT 3R Tf HRA NO,, & foru fay Tareg Tis=
(WHO) & I T[uraT feRnfc=T &l 1 &val &, o ARI TR & T & wareg andf &1

HedTh HATI .

BHA 2005 F 2019 &I 3@fd & T 0.1° x 0.1° & NATGIA W HRT ITUT W 3
e SXgHe (NTHSHR) | &HHSH NO, FHtafer TH g (VCD) I fazawu o
gH4 &yHSd NO, drtel H Qe ST Bt TTUFT B 3R Th Hed BT Uk fhar|
JRadfad URacd AT B & T TRI&0 B | §H TWad ggH- JCaHe TR sl ol
JUINT b [afia Foe™ vl - 3= O+ a1l R18<), HH - aTal R8s, JHior 3R 1-
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Jeade 7§ NO, S # Sefereres ufkad=t o1 +f favawor frar wnfe fawewor & gdf
(@3 fooTelt T & 1Y P deg) 3R IR URT & 1Y-T1Y A YR & $S R A
I efHHSTI NO, VCD (>5x1015 30Af?) uran | fUsa 15 auf & SR etyHsd
NO, VCD H URadH 7 URd & ST fexdl # dgdt Ughy (>2x10% SUyIHR) fiwrs 8|
YR & Y daiawd & I+ WRI R 2005 F 2019 I &IHHST NO, VCDs 12.5% I 29.6%
% §G T3 | TG, TH PM,5 P STQTdT NO, HI Tdh Hg@qUl UgH® & =0 H A SR 3T
& PHTT Jeich 3T & oI NO, ToIUIeR Aisd fasRid A &1 g3ia faar g

TRIUIGR AI8d & forg, - 804 FTURftet wife T WMl (157 Ta=ferd 3R 647 TAg31a)
3R IUUE NO; 3R HIMa® TR Algd 209 HTHTET TR FHT SUIANT TR Aled b
¥ fou te vdaft wrad sifafted e ufama fafy &1 Iudi fasan dieq
SRR 3R HI9-AfTSIA UHE ald! BT IUANT HRab [l 1T o1l 3ifad dred
IRV TR YR 18 A &1 715 ot | ol & 1y §HR e 3w Aled A 7.2 ug/m?
&1 RIS a7 77 Ffe & Y NO, H 70% URAARIET b1 THSAT| NO, BT P
STRIRET- TR - 3Nd-TIEUT (TERITINR) 2015 | 2021 T 22.1 ¥ 22.7 pug/m? & s T
NO; TRTIISR BT TR HH AHISTH -STH RSB FaDbid (22.1 pg/m?) ardl Il H Jay
3ife T, 3P §1G T (2019 H 16.6 ug/m?) 3R I (16.2 pg/m?3) | AR THBRT &
YR, I8 YR & fore fafRry ugan U Sefaiiads NO, TRIUSR Aisd LUR ATSd 8 3R
gg® Qudbdret & forg Iuasy 3|

fU30 & aul #, 92% T 94% HRIT SMEIET 10 ug/m3 & WHO AQG ¥ 3T NO, STifaH
TR & WU H 3715 &, G, PIaobrdl 3R [Geel oI JER TAR 40 pg/m? & TP JFD!
HIUR HRIE ¢ | B, U 3R ST Igaede SHEIE] & SUHE 30 THHE B o]
T 3 SR TR BT 3T TR & |

AR faq & ST & T, A 2015 ¥ 2016 T SIS HRAR TP uRaR
TR YA&fUT, NFHS-4 HT ITANT fhaT| g9 B5 T NO, 3R THRSME & It SiaH &
o PIg-surig IOt &1 fazawor fear urg, RIY 8k W RS &) dgiiasul
difoiRed RIRM Aled &1 ST HRd JHEINNG a1 1 4Tl g6 NO, & Harg -iH
& SMYR W TP WRIpd A=Ay fhar| ARl BT YR 2.82% UT| g6 U f NO, & 10

IX



ug/m3 &1 gfG ARI (OR: 1.26; 95% Cl: 1.2-1.3) B4 &1 31feeh FUTaT T Joi &t | g6 fHar
VM & YR W YHIG T UMY & I1&d ¢, S 07 & § I ardd il | TSRS
IR NO, & 3R/ THTd BT FTd 3 & (OR: 1.47; 95% CI: 1.4-1.6) | ToTaT-Teia Ty ary
fa=ayor = e fean for afe @t o e Mdeaw wHo siafva dedl & ud &R d
g 3IR Tfe forel SHHR: WHO AQG &1 QTSR <id &, dl 2015-16 H ARI F=Iei & HTU&l AP
ARI TR 7.1% iR 14.3% % &4 g1 ST 2025 b TR-TART INT T Fefdrd wg 9
Ugd 9 &R | 25% B HHI & T YR IB1T WA i & A6d B U AT

S RO} A Hopd T i PM, s B B & forT Faat NCAP Tafed 81 &; YRd &1 aRasit
a1 UG DI HH B & [AY &-[ARIY I Heldl Al B IR ¢ |
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