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ABSTRACT

The concern of deteriorating air quality and the problem of climate change has been linked
to dynamics of atmosphere aerosols (or particulate matter, PM). Due to the ubiquitous
presence and dynamic nature of aerosols from source to sink, large uncertainties arise in
their assessment related to regional and global climate impacts and health effects. As the
behaviour are sensitive to a combination of factors like source and meteorology that
determines its residence time and transformations in the atmosphere, detailed study in
topographically and climatologically distinct regions of the world, and the inclusion of the
findings in climate models is sensed useful to reduce prediction uncertainties. Moreover,
strategic planning for policy making in order to address local air quality requires baseline
understanding of emission sources and impacts. Therefore, this research work is the first set
of measurements designed to study the variations, interactions and interrelations of aerosol
properties in a typical arid area in the western region of India, where local and regional
pollution mixes with natural crustal components. To achieve the designed objectives a top-
down approach for identification of probable source of airborne PM is followed in this study,
that includes a continuous particle sampling for a two-year period, and measurement of the
suite of chemical constituents (elemental and organic carbon, ions, trace metals), followed
by source identification by receptor modelling. To address a comprehensive physico-
chemical characterization of aerosols and its effect of optical properties that regulates the
local air and regional climate, the period of typically substantial PM load seasons was
studied.

Exploration of the chemical constituents of PM2 s revealed strong seasonality for PM2s and
its constituents. Highest OC and EC concentrations (ug m™) were found during post-
monsoon (15+17 and 5+3) and winter (15+10 and 6+4), respectively, and lowest (21 and
0.5+0.9), respectively, in the monsoon. The study site located in an arid region mixed with
urban establishment. The favourable atmosphere (temperature >30°C and humidity ~50%)
during monsoon and availability of precursors to instigate photooxidation through OH
radicals led to transformation of highly volatile organic fractions (OC1) to less volatile
higher molecular weight organic fractions and increased the water solubility of OC to form
WSOC i.e water-soluble organic carbon (66% of OC). The production of water soluble in-
organic ions (ug m) through aqueous phase chemistry governed PMzs mass in winter
(45.4+31.8; 51%) and post-monsoon (32.3+18.5; 42%). Another interesting finding is the
chemical neutralization during dust prone seasons were regulated by cations of crustal

origin, whilst, in colder seasons by NH;. Majorly, an ammonia-rich environment was
iv



prevalent in winters and post-monsoon, when likely formations of ammonium salts were
seen. On contrary, compounds of crustal origin were prevalent at ammonium-poor
conditions (warmer months). Saline soil and playa lakes of Thar desert has been a consistent
natural source of NaCl and Na,SO,. Overall mean concentrations (ug m™) of major (Mg, S,
Si, Al, Cl, Ca, Fe and K) and minor trace metals were found as 19+17 and 0.5+0.4

respectively. Non-water-soluble Ca and Mg existed as CaCOjz;, MgO and Mg(OH),.

Inhibited photochemical dissociation causing elevated ambient HNO; during colder days
facilitated the formation of highly soluble and hygroscopic Ca(NOj3),, which is deliquescent

at >10% RH, and could catalyse CCN and denser haze formations.

To identify the source contributions based on the chemical composition USEPA-PMF5.0
was run and the analysis resolved eight factors which represents eight sources identified by
their chemical profiles together with tracer species. The sources resolved were: Secondary
sulphate (25.2%), resuspended dust (23.6%), residential cookstove (13.4%), smelter and
non-tail-pipe emissions (11.3%), vehicular emissions (10.8%), lake and sea salt (8.5%),
secondary nitrate (4.8%), and brick kilns (2.2%). Winter and post-monsoon PM
concentrations in the region were majorly regulated by secondary sulphate and residential
cookstove emissions, contributing to 22% and 22-27%, respectively. Dust storms prevalent
in the region during pre-monsoon and monsoon have resulted in higher resuspended dust
contribution (30-43%) from crustal sources during these seasons. Salt lakes in the region
have influenced the fine PM mass with its effect aggravated during the monsoon by the sea-
salts from the Arabian Sea. PM2s mass has been impacted by salt lakes in the area, which is
exacerbated during the monsoon by sea-salts from the Arabian Sea. Smelters, non-tailpipe
emissions, and vehicular emissions were substantial contributors to moderately polluted to
poor conditions (PM2.s mass >60 g m). Furthermore, highest PM, 5 loading (>90 pg m=)
marking the very poor conditions in the region was contributed by residential cookstove
emissions and secondary sulphate. Vehicular emissions and numerous smelters from
northern states had potential influence on PM mass. The prominent seasonality in the source
contributions observed in this study is particularly suggestive of substantial influence of

meteorology on PM loading in the region.

The inter-relation between physiochemical and optical characteristics of aerosols during the
post-monsoon (Oct, Nov, Dec) and winter (Jan-2021) were inspected by categorizing the
days of these seasons into clear (37%), light (33%) and high (31%) pollution periods based

on horizontal visibility and measured PM2s concentrations. Elemental and organic carbon



(50+15 p gm. 31%) and secondary inorganics (53+21 p gm; 33%) dominated the PM2s
mass (160+4 g gm3) during high pollution period with low dust (14+7 p gm3; 8%) content.
Interestingly, the clear pollution period was also influenced by carbonaceous fraction (19+8
i gm3; 32%) and secondary inorganics (1945 p gm3; 32%), but the PM2s concentrations
(5949 p gm®) were ~one-third as compared to high pollution period. High scattering
coefficients were observed which were comparable to highly polluted Indian city like Delhi.
An exponential increase in non-absorbing material was observed and showed a clear
influence on light absorption capacity of EC and dust due to coating/mixing. Higher
absorption Angstrém exponent (AAE) >0.6 was observed for substantial BrC (Brown
carbon), BC (Black carbon) and dust while increase in non-absorbing to absorbing
components ratio >4 and low amount of EC (<4%) and BrC reduces AAE below 0.4. Higher
mass absorption cross-section (>30 m?g* of EC) was observed when 4-10% EC fraction of
PM2s associated with 2.5-3.5 times non-absorbing components to total absorbing
components. Likewise, absorption enhanced by three to five-fold compared to uncoated EC
for low EC fraction (3-6%) in PM2s, but for high non-absorbing to absorbing component
ratio (>2.5). Interestingly, absorption was minimally amplified for nominal coating fraction
associated with significant core materials or vice-versa. These findings have implications
not only in regional climate assessment but also for other regions with comparable

geography and source-mixes.

Overall, the study puts forward a complete understanding of the chemical composition and
source contribution of fine particulate matter in an arid desert region, with urban influences.
Distinct aerosol properties in the region revealed from the study emphasizes the importance
to include region specific aerosol properties in the climate models to reduce uncertainties.
The results of this work are expected to serve as database to address global climate change
in response to long-range transport to and from a desert region with urban influence.
Additionally, this work is expected to provide a valuable understanding for researchers, and
climate modellers to incorporate the inputs exclusive to similar regions in climate models to

obtain more accurate region-specific predictions of future climate change.
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AT

foerseh arg Joradr # ’idr 3R Foary aRads H AT H agAST & WS (I
uriépole Hex, diva/PM) &1 aifadhr & Siist arar &1 did @ e a6 wiEe &1 gdeard
3ufeyfa 3R aifasher ypfa & SRor & 3R ARG Stefarg wsimal 3R Fareey et
¥ GO 3e7eh Hodiehad H T8I ATARTAAT Yar gIdr 81 <Ufeh ¥R did 3R AaA
O S SRS & TG & Yfad dgaAeiel 8iar § it 384 fHary 98T 3R ardrexor
# aRade a1 FURa wXar & gfar & syerpfas 3R Stearg ot ®7 @ 3rer@T-31erT
gt A foEgd 3eaEe, 3R Selarg Alsad H fasaest @1 arffer e sifasgaroh
AN @I HA A & [T 3T AT ST 81 b 3Helan, AT a T[0T
I FEIId el & o Afd AT & wEifas Jeer & o 3case aar 3R gear
I MU HHAS T ATl glcl &1 FATAT, T§ AY FRT AR & IiRAAT &1 & Teh
fafdrse vk &1 & v quil Hr fafaerdrs, s fhant iR siadEyl @ sremae
A & AT gger qlefor Sers fhar TATE, el TUEE R & geuuT g
HUYST Teshl & A AT giar g1 Barse fhu a1v 3egeat &1 gred & & fov 36
YT A gl AvH & Hefad Gl 1 Ugelel & v Teh elU-313+1 EfSeehior
arerel forar s g, foes & arer @ 3Ef & v ey &or e 3R qaafas
Heehl (Tordeeel 3R 3o lelet, e, 28 arqq3f) & HHg &1 AT AR §, 580 a6
Racex AT garT did 1 ugarT & 75 g1 WA & aras Alfds-trarafas 8T
STI-93dTel el & foIT 3R T arg 3R &1 STerary &1 AT S are it
IO & YT HT TS A o T, IHAN R q&ed NoA ol Wofel S 3@mer H
e foRar I |

PM,s & {HTAToIeh ECeht i Wiel & PM,s 3R 30 Geahl & favw Holea Ataar [Fufa &
qdl Tl 3Tdad OC 3R EC HIGAT (g m®) FAM: ATEA & a6 (15+17 3R 5£3) 3R
AT (15410 3R 6+4)F gR1T IS 318, 3R T FA ( AFGT 7 AT 241 AR 0.5£0.9)|
AT IS AN T & WY ARG o &F # YA g AGA & SR 37
JIATEROT (AT9HATA >30°C 3R 3TEAT ~ 50%) 3R OHIRBFHT & ACTH T WEBFESYT
F AR T dTel 3Gl AN 3Tl & HROT A arsgeiie Fwefaa 372l (OCL)
T HH AR 3T IUTAH $R dTel FIafAsh 3l # IRacd g3 JIRWSOC s=7iel &
faw oC & gererelierar Al arelt & gererelier FISfAh Fided (OC HT 66%) H Faf& g3
ST # goferdfiel 3rehlafeieh 3Tl &1 3cdTee (ug m™) STeld =ROT TG ATl & AregH
¥ AfEAT 7 (45.4+31.8; 51%) 3R ATHA & 16 (32.3+18.5; 42%) PM, s GeIATT 1 fdfaa
T .U 3R fGeaer @i 98 § & 4o arer AeAl & S qafas qeegdar &t
HIIET A & AT GaRT A f&Far Srar o safes 33 AldAr 7 NH g g
foram SITaT ATl HTT &9 @, AT Ford ATATROT HiEA AR AT & w6 Fafod o,
o9 FANAIH oG & FHIAT TS oW AT F| SEG AW, qEUST HoT & Afaen
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yAfAA-Te aREafaar (7 7)) 7 vafed &) arR I[eas #r aavfi @ iRk
RT Fiel NaCl 3R Na,SO. T SHIIdR Wiehfdieh AT @I &1 Yo7 (THSH, T, Y, 31, Hee,
A, % 3R F) 3R oY ¢F arg3it Hr Fl NG Fiedr (ug m?) HAA: 19+17 3R 0.5+0.4
ur$ S| Ca 3R Mg, it IR-urelt 7 gererelier § CaCOs, MgO 3 Mg(OH), & &9 # Higg
Al 33 fael & R §¢ §T HNO: F HRUT FIUT HIekhfAbel JUFRT o AT
geraeler 3 S8Rt Ca(NOs), & I1aeT i Gawm were &1, 5 >10% RH 9T afad giar
g, S AT AR T YU EEAT H 3HART T Fhl B

Tarafae TXIAT & YR WX GId JHETT I Tgdlel diel & Tl USEPA-PMF5.0 Telrar
T 3R faReor & 3 FRAT F oAU AT S IREF T & WY 3e7d
TR WHEd gaRT Ygdie a0 376 Gidr & gfdfaftea axar g1 garae fFe e
i & g Fothe (25.2%), Yelfoteiiard el (23.6%), AT ool (13.4%), Tl
IR IRLA-URY IcHST (11.3%), A6 3cHol (10.8%), ST AR HAA FAFE (8.5%),
gladaed ASeT (4.8%), 3R 3T #1T (2.2%)| &7 7 At AR AgT & ag ded agar
N HAET § ¥ AGHS Fothe 3R AT Fogl 3cHorel Rl AT fomar amr a,
ST ShART: 22% 3T 22-27% T AFTET ST ATl M-ATHT R AlageT & eI &7 7 et
arell YT #Y 3Nt & IROTATaRT 51 AFAT & R HUIE Gl @ 3 GAfoliad
el T AFTET (30-43%) QT ¥ 817 7 77 H shall o geor quA geaaAT & ganfad
forar &, TS aehT 991a AT & gR1e 3RS PR F fFchelel aTel T F7F & HRUT 9
I §| 8T A FHD H it & FROT GEA NUA goTAS TeIfAd I &, S 3RS IR
¥ Ao arel FHAT FHF F HROT AT & N 3R ¢ ST §1 Foc, IR-Cerasy
3cHSleT, 3R dTgel 3chole AEIH UgiNd ¥ W [RAfT (PM2selif$ar>60 pg m) 7 FAgeaqot
ITETeThdl &| ST 7Tl 3TAAH PM, 5 ST (>90 g m?¥) S & # g TR Reufaat
I AT &, AT Fehteld 3cHoid 3R gfacdae Tothe & HROT ATl dTEA ScHole
3R 38 TSI F FE el F DA oA R FATIT THIT AT| 5T 3eqqA F A
AR # 9@ AT O = § S R R w9 & &7 F dew Afger w Atww @
TITCT GHIT T Gohel Sl &

ARG & d1G (e, dAde, fader) 3R aféat (Sferad-2021) & gRreT wder & afifaes
Tafe 3R 3iifcwa AVt & g FaR-Gae &1 Heor 59 FHFAr & AT &r
SfaST TeIdr & HUR W TIST (37%), T (33%) AR 3T (31%) SO 3r@afer
qafiehcd ieh TR a1AT 3R PM, s TG &1 AT a1T| & el (1427 ug m; 8%) @ &
Y 3T YeNUT Al & R TelHeed 3R 3fEffeier et (5015 pg m?; 31%) 3R
gfadige 3Efes (53421 ug m3; 33%) PM2.5 5ea@ T (1604 g m?) WX grar &1 feeraea
a1 I ¢ o Tase yquuT 3rafer refafdza 3ver (1918 pg m?, 32%) 3R i e
(195 pg m%; 32%) & #1 gerfad o, Afehel 3T TQUT 3rafe &Y Jolell H PM, 5 Higdl (599
g m?)~Teh fogrs A1l 3T YehioTe J[unieh ¢ 910 S feeell S Hcafeed vgi¥d #Rd
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EY & R F| IR-HGNNT T F ol @ geftr @ a1 3R HIETANOT & HRoT
EC 3R YT T Yehrel HaNUT &THAAT T TS THIT ST 7| BrC (S13eT hleiad), BC (Seleh
FeeT) 3R go & fAU 3T 3GNTOT WRelA TFadlsie (AAE) >0.6 3@ a1, Safd IR-
IaNNT-HIMVT Tl & T H 4 F 3f0F & gefr 3R ECH & AT (4% 4
H#) 3R BrC AAEFT 0.4 & FF X odl ¢l 3T GeIATT HTNVUT Hia-aeled (EC Hr
30m’g!) AT W I1GT 516 PMas T 4-10% EC 37 el 3@V Teeht & 2.5-3.5 T IR-
N et & 3T AT SET oRE, PMos H HF EC 3727 (3-6%) 3R 3z IR-3an¥a-
AT gesh Ul (>2.5) % T el EC &I Jefell H HGRMWOT et & qier [T
9¢ 7| fEoraey o1 ¥§ ¢ % HAgcaqul SR ARG @ S5 AHAT HfAT 3T & T
HIAMTOT Y wYATH T H SGRAT I-AT AT AT 386G ARAA| 5o TAShst &1 o shael &
STy Hedlchel W dicsh Joleld 3ol 3R ANA-TAHOT dlel 31 &=t 9T 8t gera gscr
gl

el THCIeRT, 3TETTT Qg FoTTal & ATY Teh s IAEAE &7 H Feo ol i qarg e
e 3R AT ArereT f gl FAS B A W@ g1 8T J Rfdse weRiEe o &
FARTANIT T FH T & AT Forarg Alser 7 &7 ARAT TR 0T & anfAer
Tl & HEcd D 3PR [RAT| 37 FF & gRome qgdl g3a arel IFEAEr 87 & ol
& & TUEICROT & Sae # dRgeh STodg IRacs $ Felitd S & v seeq &
T H HH Fe B 3FAIG g1 58 HARFd, 38 S § #asT & Soaryg aRace $Hr
38 e &F-fARISe HiqsIaordr ared el & AT STfarg Alse # FAW &1 &
faIY geqe T WA HA & AT M3t IR STorarg AT HI U Hedaed qHsT
Yerd e Y 3FAE &
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