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ABSTRACT

Air pollution is a global problem with PM2 s being one of the major pollutants causing many
diseases. The concentrations of PM2s are found to exceed the World Health Organization
(WHO) standards especially in lower middle-income countries (LMICs) that house around
40% of the global population. India’s air quality is in a dismal state, with many studies ascribing
it to PM25. Systematic review of 247 studies revealed that PM2s and other air pollutants have
been found to be associated with increased mortality and morbidity due to respiratory,
cardiovascular, cerebrovascular disorders and diabetes. However, most of the total studies (~
69%) were carried out in the high-income countries (HICs) even though PM. s concentrations
are higher in the LMICs (annual mean exposure (2011-2017) of 48.42 pg/m®) and lower in the
HICs (annual mean exposure (2011-2017) of 20.02 ug/m?®). Therefore, the exposure response
functions for mortality estimates associated with PM2 s and developed using the exposure data
from the HICs will not have predictive value in the LMICs. Furthermore, very few studies

relate chemical components and source apportionment of PM_ s to the associated toxicity.

However, as investigations on the effect of long-term meteorological or emission changes on
PM2 s and its components, and their associated health effects are rare, in this study, WRF-Chem
simulations for three seasons over four years (2016-2019) were carried out to cogitate the
spatial and temporal changes in PM2s and its components in India. Model predicted PM2s
concentrations were in good agreement with the ground-based observations for 25 cities. PMzs
was highest in winter and lowest in pre-monsoon. PMas reduced by ~8% in Indo-Gangetic
Plain (IGP) but increased by ~38% and ~130% in south and northeast India, respectively, from
2016-2019. IGP witnessed three times higher average PM2s concentrations than south India.
No significant interannual change in CA contributions was observed, however, it peaked in the

winter season. Other inorganics (OIN) were the major component of PM2 s, contributing more



than 40%. Primary organic aerosol (POA) fractions were higher in north India, while secondary
inorganic aerosol (SIA) dominated south India. Transport and residential sectors were the chief
contributors to CA across India. Biomass burning contributed up to ~23% of PM_ in regions

of IGP during post-monsoon, with CA fractions up to 50%.

Additionally, the COVID-19 pandemic was studied to demonstrate the efficacy of emission
controls. From March 16th to April 14th, 2017, to 2020, the concentrations of PM1o, PM25,
CO, NOg, ozone, and SO in 22 cities throughout diverse areas of India were analyzed. The
levels of PM2s, PMyo, CO, and NO: in India dropped by about 43%, 31%, 10%, and 18%,
respectively, during the lockdown period, as compared to the levels in prior years. Oz increased
by 17 percent, although changes in SO2 were hardly noticeable. In the northern, southern,
eastern, central, and western regions of India, the air quality index (AQI) improved by 44, 33,
29, 15, and 32 percent, respectively. Compared to prior years, city-to-city correlations in the
north and east improved in 2020, suggesting more regional transportation. The WRF-
AERMOD model system was also applied in Delhi-NCR with actual meteorology during the
lockdown period and an unfavourable event in early November of 2019 in order to eliminate
the effects of potential favourable meteorology. The results show that predicted PM.s could
increase by only 33% in unfavourable meteorology. This analysis assures policymakers that,
despite unfavourable weather conditions, air quality may be improved significantly by the

stringent use of air quality control measures.

The precise prediction of PM2s concentrations at high resolutions relies heavily on chemistry
and long-range transport, as shown by a comparison of the chemical transport model WRF-
Chem with AERMOD, an urban scale Gaussian dispersion model. The performance of

AERMOD was rated satisfactory, giving regulators confidence in its usage for rapid decision



making, given high resolution inventories and adequate background concentration adjustments

utilizing a one-way coupled modelling system.

When comparing the relationships between PM2s and its components and daily inpatient
admissions at a tertiary care centre in Delhi, we found that PM2s and OIN had weaker
associations than CA. Every 10 pug/m?® rise in secondary organic aerosol (SOA) increased the
risk of bronchial asthma (BA), coronary artery disease (CAD), chronic obstructive pulmonary
disease (COPD), diabetic mellitus (DM), hypertension (HTN), and tuberculosis (TB) by 28%,
74%, 37%, 26%, 18%, 19%, and 10%, respectively. SIA and POA concentrations at lag day
15 enhanced the risk of BA hospitalization by 28 and 9%, respectively. It has been shown that
persons over 60 and women are generally at increased risk of being hospitalized. Highest RR
for BA, CAD, and DM were found on lag day 15, but the highest relative risk for COPD were
identified on lag day 1. This highlights the need for further actions in India to reduce health

concerns related with CA rather than PMs.

Keywords: Relative risks, Lower middle-income countries, Mortality, Morbidity, PM2s,
COVID-19, India, AQI, AERMOD, Carbonaceous aerosols, WRF-Chem, Biomass burning,

Health effects

Vi



LIRS

IR UGHUT U dfYe THw §, o PM2.5 TE UG 8 9 Ud § off ds STATNal &l
HRUI §d1 g | PM2.5 P TigdT fa=iy =0 ¥ 99 Heqd 3 aral S0 (Taursmean) & fay
R YIS & HHD] Y 31D UTS 718 8, Sl dfyeh SATSTEl BT THIT 40% 5| S ST
YR &1 RIS g T[0raxt BT PM2.5 J STSd & | 247 ETT-! B oaaiRyd THiem 9
TdT 9l fb PM2.5 3R 379 a1 UgH® 43, §ed, ARTshale®d ™ f[AdR! 3R AYHE &
BRUIHY &R 3R ST H g Y IS U T § | gTellich, St Sl | & SfUBT (~69%)
I 3T a1 O (Tened) § fobu 7T 9, W € PM2.5 Tigdl TATHSTSHT (48.42 pg/m3
H1 1N 3 d SfAH (2011-2017)) H 31T B 3R T3S H HH (20.02 ug/m3 H1 M
3T TRTTISR (2011-2017)) | $HRTE, PM2.5 ¥ S[S TG &R STAM! o [o1g SIRaA Ufdfoha
HR 3R TISME ¥ SRIT ST HT IUANT I [dHRId TauHsms S § Hiass Hg-aran
e Tl BT | S 3{TdT, S§d HH 31e0T- I beh| 3R PM2.5 & Fid fauTeA
! Feifdd fawrerrdn 9 Feifdd Hd § |

gTailds, PM2.5 3R 38 gceh] IR Sdbliere HIGH daeh a1 Ifoi URadH! & UHTE 3R
I eI TR YHTAT &1 S g §, 39 31e0a H, IR auf (2016-2019) H <f1H Al
& foTT WRF-Chem RIEIARM, HRA H PM2.5 3R 3T% Ucd! § RIS 3R difdsds URdc1
IR fIaR & & forw foT 71U 1 SFEAd PM2.5 94T aTd Hied 25 e’ o g SHiH
YT Vel & =T &1 PM2.5 Ticdl § Ja9 STl 3R Jd-AFRd & 9o &1 o
2016-2019 J YRI-THT & TG (3Meoidl) H PM2.5 ~8% HH gafT, AT GRaI0T 3R YaaR
YR T HHRT: ~38% 3R ~130% FGT| STIoMUT 7 GfE0T HRT B ga-T & - T S
3Id PM2.5 TGl <t | Y arTeH | Pig Hedqul SicR-alfte aRkad- gl o 7T,

vii



BTdlifep, T8 TfETT & AIgH H TRY W 7| 3 3fBTab (3NAMST) PM2.5 b T U
Y, RFDT ARSI 40% A 31 UT| UTufle Brae W (Uhelin) o IR YRd §
31 3, e i srepTde WA (THSMEY) GHE0T HRd # 14t 41 ¥ YR H T
¥ ufkag SIR srarfi &3 &1 W ATer oT | B & §1g Sgeit & &3 & arirarg
ST PM2.5 ST T ~23% e ARTaT o, foras HiT 8 50 deb ATl

P iR, I EAU BT YHITHIRAT UGRId B & T Bifds-19 HeHRI B
31eqg fobdT 1| 16 AT § 14 30, 2017 ¥ 2020 T, HRA & Al &3 & 22 <& o
PM10, PM2.5, CO, NO2, 03 3R SO2 &1 Higdll &1 fa=eiwur fobdm 7T | 4R H PM2.5, PMI10,
CO 3R NO2 & TR # Usa auf & TR &1 ga1 & A SI3 fafd & SR HHRT: T
43%, 31%, 10% 3R 18% Pt IRTGC oM gl 03 H 17 Ufa=d &1 3fS g8, galid So2
gRacH IS g1 & o1 I ¥ URd & 3o, aferoft, gdf, Aeg ofk ufyedt &= & arg

TG Yadhidh (U6, 3MM3) H SHHRT: 44, 33, 29, 15 3R 32 UfA=Id &1 gUR g3 ¢! s
s &1 gaT H, 2020 T ITR 3R Yd T MR-~ TMER Tgaay T YUR oM 7, ot 3w &=
gfkagd &1 gIa <dl 81 WRF-AERMOD HAISd JUITel &1 IUaiT feea-Teiem o
IRAfd® AH I & Y diesrs 3afd & SR 3R Juifad sred AaH fag= &
YTl DI TH DR b oL TdaR 2019 BT FH3M7d H T Uldpd g1 & Jqry o} fovar wan
T | TR §d1d & & qatgaT=d PM2.5 Ufded Hiaw fag § fad 33% d% ¢ Jdhdl |
g fa=eor i Fafarslt @1 smyd st & & ufdga dem @t Rufd & sagg, ag
ot fE=0T IUEl & we IUANT ¥ arg FI Ul | BB GUR 8 Iohdl g1 3o

RSITe=M TR PM2.5 &1 TUdT &1 Teid JaigH T 3R et g & ufikag— IR 95

3 AR a1 8, 91 T e ufvags Afgd WRF-Chem &1 AERMOD & T1Y

viii



T IR [GETT T €, S U Xes] A &1 Mg thard A1ed g | AERMOD & UG’
1 HTSSTTeb JIHT 74T T, Fore sl o1 delt § (o o & fore 38 guanT | fayra
g1 7T, I Rileg ¥ $-ddl 3R qaied Yy{H Tebridl GHIIS U cRT Gfd AlsfeT
JUTTel! b1 SUANT R 36 U

fEeeh H U Jiiadh G@HTE g | PM2.5 3R 3Hb GTah] 3R e el 71 & o ddelf
&1 I R THT, §H 1T fb PM2.5 3R STISHTSUA T TIY B o1 H HHIR ey |
Johed! NP TR (TH3Y) H &R 10 pg/m3 ia I Sf~had ST (d1T), DRI
1 fEofi (Hiee), BiHe sifstciaed Tearl feoie (Htendis), srafafes Afeed
(Sey), TRWREIA (W), 3R qOfew (el HHT: 28%, 74%, 37%, 26%, 18%, 19%
3R 10% T WaRT 9¢ SITdT 8| THATRY 3R FeNT Figar 7 3iaRTd feaq 15 R HHL: div
& STl § 4l g1 & SIRGH B 28 3R 9% deb F¢T faan| ug faemar mar g f& 60 @
31f¥rep afaraa MR Afgarsil ol 3 IR W 3ard | Hdl 819 &1 W 3¢ oidT g1 1T,
et ok Suw ¥ U I SRR 15 F SFaRTa & fot U 1, A Hsidiel & ferg
I 108 SRGH &1 Uga™ Ugd fa g5 | I8 PM2.5 & SoTid HY ¥ Tefid warey gl
feiTefl B HH B & [ URA H 3R B! HRATS DI ATADHAT R USRI SIAdT 6|

Dide: ATUE SIRGH, FH T-3 A &1, Jg &, S0Mdl, PM2.5, HIdS-19, YRd, I
TUIG Ydehidh, AERMOD, BTEIIRIay WIS, WRF-Chem, ST ST, TR THTG
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