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Abstract (in English)

The main objective of th research w&sto determine the exposure health effects of
various types oatmosphericallyrelevantsubmicron organic aerosol (OA) by using human
lung cell lines. Airborne fine particulate matter of aerodynamic diameters < 2.5 pgs)(PM
contributes to poor air quality, climatic change and exhibits adverse health effects upon
inhalation. PM s exposuresrigger lungassociated pathologies, including asthma, allergy,
chronic obstructivgpulmonarydisease (C@D), bronchitis, emphysema, decreased lung
function, and increased instances of lung canideis research aimed to decipher changes
in lung cells athe molecular, cellular, biochemical, and/or genomic levels, which were
induced bysubmicron OAexposures originating from four different atmospheric sources,
including from: () monoterpenalerived secondary organic aerosol (SOA) obtained
through the ozom | y s i-piene, i) hdllerogeneouslgiged isoprenderived particulate
2-methyltetrol sulfates (MTSs), which are the most abundant particulate organosulfates
(OS) detected in ambient BNland contribute greatly to isoprene SOA, aiig atmos-
phericrelevant monenitrophenols (NPs), anavj otherkey componentsf biomass burn-
ing aerosol (BBA).

Two in vitro cell models, BEASB (i.e., immortalized human bronchial epithelial
cells) and A549 (i.e., adenocarcinoma human alveolar epithelial cellspelected in the
current thesis projects to determine acute exposure effects. In the first two sections of this
thesis, an oxidation fl ow r eacpgneneozfnoly~R) wa:
sis, and OS mixtures produced from the heterogenegd®xyl radical (OH)-mediated
oxidation of particulate -MTSs (equivalent to 22 days of atmospheric aging), respec-
tively. The aerosol mixtures weamalysedising liquid chromatography interfaced to high
resolution electrospray ionization tandem mass spectrometry (LEIESNS/MS) to de-
tect organic aci gisensoromolypiseSOA,ard deltsunctionad @Ss U
from heterogeneously agedrticulate 2ZMTSs. Furthermorejualitative chemical analyses
of ambient PMs and SOA generated from the photooxidation sedes of monocyclic
aromatic hydrocarbons in thenlted States (USEnvironmental Protection Agency (EPA)
smog chamber was conducted for atmospheric NPs.

The aerosol mixtures of known and characterized OA markers were then exposed to

lung cells and assesd for the percentage of cellular proliferation using high throughput
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assays; subsequent tirand concentraticdependent viability values were used to deter-
mine the inhibitory concentratiebO (ICso) of each atmospheric OA system. In addition,
functiond assays with fluorescent probes were used to detect cellular reactive oxygen spe-
cies (ROS) and mitochondrial ROS (mtROS) pogtosure; these assays used flow cytom-
etry and confocal microscopyespectively Changes in cellular viability weranalysed
through live/dead staining under a fluorescent microscope, whereas cells death mechanisms
were determined through the Annexin V/Propidium lodide assay using flow cytometry.
Realtime quantitative polymerase chain reaction {FICR) was utilized to evaluate ge-
nomic changes that could result from exposureBeterogeneousiggedparticulate 2
MTSs to determine the peskposure responses via modulation of oxidative stress and in-
flammatory genes.

In the first part of this thesis, we quantified an increasing@oimation response of
three welle s t a b I-pinenb 8QA trdters (pinic, pinonic, andr@thyk1,2,3butanetri-
carboxylic acids) apmenea@onolysimPOANtABId and BEASIr e o f
2B cell l i nes. The gnan® (&Pldh).ean abendantyy @emittel y si s o
monoterpene from terrestrial vegetation, contributes significaotlyhe global SOA
budget; however, its impact on pulmonary pathophysiology remains uncertain. Cellular
proliferation, cell viability, and oxidative stress wersessed as toxicological endpoints in
this study. The three af or e me-pineneozomlgsist r acer s
SOA mass; however, multifunctional hydroperoxides identified in the SOA could have
contributed more than these individual SOA éracto the toxicological changes observed.

The second part of this thesis focused on examining the inhalation toxicity associated
with the isoprenelerived aerosol particles in the atmosphere. Isopresids) & the most
abundant reactive hydrocarbon rdlead i nt o Eart hés at mosphere
emitted to the atmosphere and exposed therédHaunder lowNOyx conditions, isoprene
oxidationyields high quantities of gaseous epoxyd{tEPOX). These reactive intermedi-
ates interact with acidic sulfate aeroggnerated from human activitigs)afford a wide
variety of lowvolatility particlebound reaction products, such as OSs. One of the most
abundant atmospheric OSs WH'Ss. 2MTSs can undergo further chemical changes in
the atmosphere, which leads to the formation of photochemiagéy particles of far more
complex chemical compositions. The goal of this portion of the thesis was to gain insights
into how these changes mightntobute to increased oxidative stress and inflammatory

responses in BEA3B cells.
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The third project of this thesis involved toxicological profilingatfospherically
relevantNPs using BEASB and A549 cell linesNPs are found as trace pollutants in
various environmental matrices, including PMagricultural residues, cloudater, rain-
water, wildfires, and industrial wastes. First, an equimolar mixture of NPs was exposed to
the eukaryotic lipid bilayer membrane to determine the exposure effedis orlt mem-
brane surface. In addition, comparative toxicology -oiitBophenol (2NP), ditrophenol
(3NP), 4nitrophenol (4NP), and their equimolar mixture was provided using several ROS,
MtROS, cellular viability, and cellular death assays

The last parpf this thesis conducted a detailed toxicological analysis of four im-
portant BBA components in the A549 and BE2B cell lines. BB is a major pollution
source, particularly in urban, suburban, and rural areas, and was hypothesized to induce
increased moibity and mortality through longerm inhalation. The four BBA compo-
nents included levoglucosan (LG}n8rosalicylic acid (NS), 4itrocatechol (NC), and-4
nitroguaiacol NG). The exposed cells wesnalysedfor changes in general ROS and
MtROS to predicaltered biochemical pathways at different exposure concentrations and
times. This study was concluded by proposing cellular death mechanisms upon exposure
to these chemicals.

The profiling of atmospheric aerosol mixtures and their individual markersftror
atmosphericallyelevantaerosolsystems provide a comparative toxicology in lung cells.
We predict theatmospherisystem withnitro-aromatics havéhe highespotential forad-
verse effects following inhalatiomhe response was predicted usihgICsp values and
the number of atmospherically relevant years required to achieve that effect. This thesis
also determines the pathophysiological changes in lungs at the molecular and cellglar level
after exposure, which varied significantly with the clsahcomposition and chemical
structure of the markers, as well as time and concentration of exposure. The study further
highlights the need to develop regulations and control strategies to mitigate the emission

rates of a few emission types due to theteptialadverse effect®llowing acute exposure.
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Abstrakt(x EO6 UUEO) bi 1 OEEI

Wi odNcym k opsanych kuibeada E by §a pr - ba okreSlI
zdrowotnych e ks pokdadsiu bknmiak r o n &we c h czNst ek
organicznego (OA) o znaczeniu atmosferycznyrt
pochodzlNcdzckhi ch pJuc. UnoszNce sifi w powietr;
aerodynamicznych < 2,5 um (tzvirakcja respirabilna PM. ) sSN ggd-wnN przyc
pogorszenia jakoSci powi etrza, i zwyikaanz uk INi mat

ni ekorzystne skutki zdrowotne pogswyawag uwaeycha

l iczne patologie ukgadu oddechowego, w tym:
chorobn pdguc (POChP), zapalenie oskrzeli, r
|l iczne przypadki raka pdguc. Badanpr@ opi sane
rozszyfrowani e zmi an zachodzNcych w l udz Kk

molekularnym, biochemicznym i/lub genowyrktére to zmianyz o st agy wywogan
ekspozycjN na respirabPiylgny- wrzymereehestdmayiogl o wy O
Fr -:di¢ gprocey ut | eni ani a ni enasyconych wngl owodo
reakcjach ozonu t}pinenem (-pinenowe SOA, (ii) procey chemicznego starzenia
aerozolu izoprenowego wzbogaconego we polar
siarczan 2metylotetrolu (2MTS) (poddane starzeniuizoprenowe SOA, (iii ) utleniane
wngl owodor - w aw @oméetrzy czamegzgshczonyntlenkami  azotu
(atmosferyczny monenitrofenolowy aerozol) oraz {(v) procey spalania biomasy (BBA)
(aerozol spalania biomasy.

W celu okreSlenia skutk-w ostrej ekspozyc
wy mi eni ongac hbi@dvdteodEy §r aWyaanodele komérkoweBEAS-2B (4].
uni eSmiertelnione ludzkie kom-rKki nabgonka
gruczolakoraka). W pierwszych dwdéch projektach opisanych w niniejszej rozprawy,
czNstpkiinetWowe SOA oraz aerozol ar ziazgoapmm enowe
| aboratorium w przepgywowym reaktorze utl eni
hydr oksyl owy priypadkd &kbYolu izoprenowego proces jego starzenia
chemicznegoprowadz g awm u k § hetemgericzym, co odzwierciedlaprocesy
starzenieatmosferycznegw czasie od 0 do 22 dni. Tak wytworzony aergzad d d a § a m
analizom chemicznyrmawn aijUycch rearmantysgrkaofsipi ciec

wysokorozdzielczym tandemowym spektrometrer
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elektrosprej (LC/ESHR-MS/ MS) . Anali zy t e bygy uki er

gg-wnych skgadni k- w chemicznych wGwt wor z o
karboksylowych, nadtlenk-w oraz zwiNzk-w w
przeprowadz g amal i zy skgadu chemicznegoazsorazeczy Wi

aerozolu wytworzonego w komorach aerozol ow
(USEPA)wprocesach fotoutl eniania monocykliczr
Wyniki tych ostatnich analiz opi§aa wntrzecim rozdzialeniniejszej pracy.

Wyt worzone | aboratoryjnie mieszaniny ae
mar kery, j ak r - ivwprozvabla § alme hsokddpavd rii kkom- r k o w
celem oceny ichd z i a gcgtatoksycznego na owe komorki ze szczegdlnym
uwzgl ndni eni em proces - w proliferacji. Wy .
kom-rkowa (zaleUna od ocxkasuni klaus@idon persijal
okreSlenia stnUent egohasnug dldreigloa [lu® i ch
zastosowg atme sty funkcjonalne z sondami fl uores«

komorkowych (ROS) i mitochondrialnych (mtROS) reaktywnyfitrm tlenu po

ekspozycji; testy t e wykorzystywagy odpo
mi kroskopin konfokal nN. Z analizomayy azbhy woy a b & mi
mi kr oskopi.i fluorescencyjnej i test-w barwv

podczagydy procesy apoptozy komorkowiew t e Sci e aneksyny V/jod}
uUOyciu cytometrWykoperyslpaSdkiomkefj § a Ec Nc h o w
polimerazy w czasie rzeczywistym (RTP CR) do oceny zmian geno
wynikiem ekspozycjiaerozol na badane kom-r ki, indukowany
oksydacyjnego i ekspresjn gen-w zapalnych.
W pierwszej cznScigaimlno Secisozveq rperaakccyj 1Mo knre

stinUenia trzech zpmenowegohSOA kizh.a kivasu kpinowegd)

pinonowego i 3metylol23but anotri karboksyl owego or az
Upinenowego SOA w liniach komdrkowych A549 i BEASB . W trakci e l
oznaczg am mi any w proliferaciji kom- rkowej , (

oksydacyj ny. P-pinrenuéCsHie) i otfideremitowanegb dJt nego zwi Nz
organicznego klasy monoterpendwzezr o S1ii InMdNSw ma znaczNcy ud
budUecie SOA na poziomie globalnym; jednak
pguc porzodghepgwny. aRlaud amh emigEnaipwveg SOAD

udowodn®%gudzbd@&gdg wW jego masi e kweglal2Bi noweg
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butanotri karboksyl owego or az znaczNcy wkgad
Postaml ami pot ezn, Ue te ostatnie sN gg-wnN p
toksykologicznych badanego aerozolu.

Druga c¢czASi niniejszej pracy dotyczy bada
czNsteczkami aerozol u poc hsgg zoenajobiciej (pa opr enow
met ani e) emi t owany do at mosfery wngl owod - 1
przedostaniu sin do dolnych warstw atmosf e
hydroksyl owymi AOH. W way(NOpkNOc+riINQ)réalcjhiae go st i

prowadzidd wor zeni a bardzo reaktywnych produkt - w

epoksydi ol (1 EPOX) . dbstarczeszerotief gany produkéda g uj N d a |
mal ej Ncych prianUnoSciach par, takich jak org

tym najlkardziej rozpowszechniony w atmosferze siarczame®ylotetrolu (2MTS).

2MTS moUe wul egal dal szym przemianom <c¢hemi c:
fotochemicznie starzejNcych sifn czNstek o
chemicznym.W badanigh opisarych w  t ej ¢ z poRami§ a prékemigzne

starzenic z Nst e k aer o zmasilastres aksyqacymeyo onawmlgkojeprocey

zapalre w liniach komérkach BEASB.

Trzeci zreali zowany pr opzeakznia poolilld awc zy
toksykologicznego monaitrofenoli. Zwi Nzt kain pawezéthnd niebezpiecza
zanieczyszczeaiSr o d o wfosnlkeiapy v w respirabil nych w at mo

rolniczychw glebie wodat mo s f er y ¢ z n ypeotdukbiv nidkdnhtiooweypycHh |
poUawndpadwpr zemysgJowych. We wsp-gpracy z Amer
pokazgf am Ue | wdipihchkde gnitrofemaiiov at mosferze sN pr
utlenianiawn g | owodor - w ,&ioretmaroduyktywo otz N cw Blssk § a d
aer@olu W pi er ws z e pwefyfkavejeahmb pod&a @@z n negat ywnego od
mononi trofenol i na powi epgzuykarizysidgy sbigzamdwno k o m- r k
sztucznN dwuwar st wowN bgdonn | ipid-w eukariot
r-wni eU Uypwe hkoaomIMickemorkowych. W drugiej faziprzedstawd a m

poréwnawce badaniatoksykologtczne 2-nitrofenolu (2NP), #iitrofenolu @NP), 4

nitrofenolu (4NP) oraz ich r-wnomol owej mi e ¢
UywotnoSci kom-rek i Smierci kom-rkowe|j
W ostatniejprzepmWalr§ smpazaecg- owN analizi tok

czterech waUnych skgadni k-w proces-w spal a

XXVi



komdrkowych A549 | BEAS B. Spal ani e bi omasy j est

zanieczyszczenia powietrza, szczegolnie na obszarach miejskich, podmiejgkjskich.

Postawmj almi pot ez n, Ue dgugotrwage wdychanie ta
i ndukpwiafikszonN zachorowalnoSIi i Smierteln
obej mowagy: | e wo g-hittosalcdoan(NS), dn@rpkateckol(4NC) 43

nitrogwajakol (4NG). Komoérki z obu linipodddy a mk spozycj i na te ¢
analizowg ajne pod kNtem zachodzNcych zmian og- |
stiiUeniach | czasachmipkseowizdzijel PocwodiNc
szlakach biohemi cznych. Ta seria p r aptacowamrick o (ECc z y
mechanizm-w Smierci kom- rkowe|j po ekspozyc,]

Zrozumi enie skgadu chemicznego aerozol u

w

Fr-deg doimbBtcwyg8ai wykonani aokgykolbgicamega wec z e g

jego gg-wnych skgadni k-w na ludzkie kom-rl
Fr-dgo(a) pyg-w z najwinkszymi negatywnymi
wartoSciom t o k s yI&se Danlakioveozopisane,badaniafz ywramii g y

szeroko nakreSlili zmi any patofizjologiczne
kom-rkowym po ekspozycj. na skgadni ki Py g -
pochodzeni a, skgadu chemicznego [ par amet
Przeprowadzone badania pokazuj N pilnN pot
kontroli w celu zgagodzenia skutk-w emisj.i
spal ania biomasy, ze wzglndu na ich potwie

czase ekspozycii
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CHAPTER 1: Literature Review

This chapter is conceived as a general introduction to atmospheric aerosol chemis-
try and the adverse exposure effects it imposes on human health. It is organized as follows:
the first section gives a general overview of the type of particulate matterpfleés8nt in
the atmosphere and the mechanisms for the formation of secondary organic aerosol (SOA);
the second section covers the human health implications that arise following exposure to
atmospheric PM, which includes an introductiomtitro models tlat allow for the toxi-
cological screening of hazardous pollutants in the atmosphere as well as molecular mech-
anisms that can be studied for toxicological assessment; and the third, and final, section
reviews the literature on four major PM systems or subtyp ( -pinere.SQOA, iSoprene
SOA, monenitrophenols and biomass burning aerosol components) that are examined in
detail as a part of this thesis, which encompasses the formation, sources, and toxicological

data currently available on them.

1.1- Atmospheric Aerosol Chemistry

The atmosphere comprisas hi n | ayer of mixed gases co
andis divided intoseveral sublayers based on vertical temperature profiles. Two of the
most significant | ayers of pheser(dpiindirggumto mos ph
15k m from the Earthoés subDacen) iandltheéuder
surface)l Atmospheric chemistry deals with the extensive photochemical reactions occur-
ring in these two sublayers, andveos the formation of secondary gases (e.g., ozone) and
particulates (liquid or solid aerosol particles suspended tire air with diameters
O 1 Qu@).2 This section of the thesis briefly covers the literature on the sources and for-
mation of important primary and secondary organics@roonstituents formed in the trop-

osphereemphasizingheir contributions to particulate matter (PM).

1.1.1 Particulate Matter (PM) in the Atmosphere

Atmospheric aerosaomprisedine liquid and/or solid particles suspended in ambi-
ent air withanaerodynamic diameteizeOLOOumM.3 TheUS EPA definesPM a s a cong-

plex mixture of particles and gases, including acids, organic emissions, metals, soils, and
1



dust of size less than micron le@&bT hese particles are a complex mixdaf dynamically

altering physiechemical properties that impacts the environment and life on Earth. At a

gl obal scale, the aerosol drives a strong

abundance and distributions of trace gases, and formatidoud condensation nuclgi.
6 In addition to this, the ambient PM and air pollution substantiadpacts the quality of
life, mortality rates, and human health, as demonstrated through various epidemiological
studies3, 7, 8 With the increased industrialization and urbanizattoamsportation devel-
opment, population growth, decreased forestry and frequenfivéldmission events, PM
is increasing of submicron particle sizes; it has also lead to the increased instances of smog
over the recent yeags9 The inhalable PM fractions are also increasing in the atmosphere
(aerodynamic diamet€d 2 . 5), ad@irthere is an urgeneed to understand their physio
chemical composition, formation mechanism and direct impact on air quality and human
health10 11

The size of PM ranges from temicrometreq10 um) to a fewnanometregnm).7
The PMoftheaer ody na mi Wundd raemeitcedarOGse o i nhal abl e
filtrate the human respiratory syst&m2 Airborne fine and inhalabléM of aerodynamic
di a me t pnr(finep2rticGlate mattePM, 5) and ultrafine particles with aerodynamic
diameterQ.1 um (PMo.1) provides a high degree of permeation deep within the cilia and
alveoli of the lungd3 PMz2sand PM.1are associated withoor ar quality14 climatic
changels and exhibits longerm adverse health effec$.The sources of PM are through
primary origin (i.e., natural or anthropogenic emissions), including organic carbon (OC),
soil minerallé black carbon, wood combustidly, plants and vegetations, wildfire
emissiong,8 road vehicles and fuel burnidg, industial processes and livestock and
animalsl6 Once primary sources of organic aerosol (POA) enter the lower atmosphere
(troposphere), they undergo further chemical reactions and atmospheric aging to form

complex mixtures of SOA.

1.1.2 Formation of SecondaryOrganic Aerosol (SOA)

An estimate of 19to 10 organic compounds hdmeen measured in the atmosphere,
adding to the complexity and diversity of tropospheric SOA forma&ioBOA constituents
themost significahmass fractions of Pp4 (contributing upwards of 90921 formed from
the atmospheric oxidation of volaibrganic compounds (VOCRY ozone (@), hydroxyl

radical fOH), and nitrateradicals (N@Z).g Emissions of both biogenic (derived from
2

e

pa



terrestrial vegetation) and anthropogeWii@Cs contribute to SOAormation through the
nucleation, condensatipoor multiphase(or heterogeneous) chemiaadactions of their
semt and/or lowvolatility atmospheriorganicoxidation products: 22' 23 The processes

that govern the enhancement of aerosol particle mass in the atmosphere, including vapor
condensation through sulfuric acid&0y), nitric acid (HNQ) and secondary organics
(SO) can d so without altering the particle numbers in the atmosplére4 Both the
particle size fhass) and particle number determine the climate and health effects of the
aerosol in the troposphezd. Owing to the dynamic atmospheric agipgocessesand
diverse emission source$ SOA, the formation mechanisms of SG#d its composition
remairs poorly understood. To assess the health impacts of S@®a global scale, it is
importantto elucidatethe sources, composition as®DA formation mechanismsa the
atmosphereA brief summary of the processes involved in the emission and formation of

SOA and effects of its associatet¥>.s are summarized iRigurel.1 below.

AEth ropogenic Emiisions Atmospheric Chemistl'y

Poor Air Quality
Adverse Health Effects
Climatic Change
Global Warming
Cloud Condensation

Particulate Matter

5 w grﬁégéfations Secondary Organic Aerosol
0,, *OH, SO,, NO,, NOx )

" Waste-wéter -
G
rimary Emissions gl Gas Phase qmmmmp Aerosol Phase

Primary Organic Aerosol i i
Volatile Organic Compounds

Figure 1.1 Atmospheric chemistry involves the study of primary sources of atmospheric
emissions and the swagient formation of secondary pollutants (e.g., SOA ag)d This
thesis laygarticularemphasis on Phkformation andts inhalation effects.

Biogenic SOA (BSOA) is primarily derived from the terrestrial environment,

biomass burning (BB), and oceans, with an estimated flux €f2D0 Tg yr.6' 25-27

3



Contributiors from anthropogenic SOA (ASOAe.g., fossifuel burningfall in the range
12-100 Tg yr?, with an estimated 67% increase in emission rpéeslecade28 Almost
two-thirds of nommethane VOCs from biogenic sources are emitted from vegetation,
which includes the hemiterpene (e.g., isoprene3Hg} with total emissions of ~35800

Tg yri272930 monot er pd mespe (n@ fivoneneli (GoH1s) with total
emissions of ~12070 Tg yr' 27 29 30, sesquiterpene (€Hz24) with emissions of ~25 Tg
yr1,27 29 30 and other oxygenated hydrocarbons with total emissions-2600rg yrt.27
Radiocarbon analysis exhibit that the most of carbon content from OA is modern, implying
the role of BSOA precursors in driving the composition gbtispheric chemistrg.31' 32
Although, BSOA emissions may be consgttuncontrollable, studies have shown a direct
correlation between BSOA formation and ASOA pollutant emissiartsence, to predict

the longterm effects of SOA on the environment, climate, and human h#etstudy of

the irteractions of BSOA with ASOA and their emission rates is essential to unravel.
Furthermore, to elucidate the exposure effects of SOA on human health, it is crucial to
understand the sources and atmospheric processes that drive their concentrations in the
ambient air7

1.2 Environmental Pollution and Health Effects

The 1952 London Fog event is ookethe most referenced fog events in history that
led to public awareness of the dangers of air pollld®Ba4 A study published two years
after this major environmental and public health crisis revealed thatlityortdes in-
creased (reported to B€-300% higher than the previous yeaith enhanced concentra-
tions of smog and sulfur dioxid&l This same study also reported that the mortality rate
did not return to normal even after 2 weeks of the incideaaa This notable air pollution
event, along with the 1948 Donora Smog event in Pennsylvania, which reported increased
mortality rate and cardiovascular disea3gs,inspired subsequent largeale
epidemiological studies, exposure assessment study cohorts, and the development of
policies aimed at protectingiplic health from adverse air pollution exposures. This section
covers key results from prior epidemiological studies on health effects of air pollution,
alternative approaches to animal testing to systematically study environmental pollutants,
and screemg methods of certain PM/SOA subtypeshatcellular and molecular levels to

elucidate their exposure effects inside human lung cells.



1.2.2 Exposure effects of PM and SOA

PMz;sis linked toadversehuman health effects ranging from exacerbation of asthma
sympoms to mortaty associated with lung cancer and cardiopulmonary disg¥ag88.In
addition, PM5 has been associated with negative health outcomes widstanated
contribution of more than 10Bmillion indirect disabilities39 and 9 million premature
deaths 2015 worldwidel2' 40 Though the general publis adversely affected by P
exposuresusceptible populations such as the eldarynunocompromisedindividuals,
undernourished individuals with low socioeconomic staarggnant women, children, and
those withhealth disparitiesare at higher risk of morbidities and increased underlying
systematic pathophysiologigs.Studies byAPHEA (Air Pollution and Health: Buropean
Approach32' 43 and USA, the National Mortality, Morbidity and AiPollution Studies
(NMMAPS)44- 45 have provided insightsito the epidemiological effects of BMin the
past 20 yearsThe data from APEHA estimated the combiniedpactof daily mortality
increagd by 06% (95% CI 0-#0-8)for each 1Qug mZ increase in Pin 21 cities43 In
APEHA-2 studies, hospital admissions for asthma @aPD increased in people older
than 65 years b{.0% (0-4 1-5) per10 pg mZ increase in Pib. Similarly, NMMAPS
showed the mortality rate increasedd®% (Q1i 0.9) for each 1Qug mZ increase in Plvh
in 20 meteropolitan cities of US. The World Health Organization (WHO) air quality
guidelines suggests tiRM s levels threshold to be & gnZ annual meaand 5 &g
24-hr mearwhile PMyo levels below2 0 ne&Z@nnual meaand5 0 ngZ2@4-h mearfor

significant decrease in chronic and acute health risks that may arise due to air ptlution.
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Figure 1.2 Inhalation exposure to PM inducéise acute and chronic health effects.
Thesources of POA and SOA have varying particle sizes, mass, and chemical composition,
which can have different adverse effects on human health upon respiration.

Secondary Organic
Emissions

Owing to its small particle size and high surface @oe#lume ratio, PMsis able
to deposit deep into bronchial and alveolar lung tissues, and thus, enter the blood circulation
to induce chronic effects on the cardiovascular sygi@emiz Exposure to PMs triggers
lung-associated pathologies including asthma, allé&yZOPD,bronchitis, emphysema,
decreased lung function, and increased instandesg@itancer9 Once PMsgets depos-
ited inside the lungs, it causes the induction idmmatory cascadgs) 51 including pre
inflammatory cytokines such as interlewW@r{IL-6), interleukin8 (IL-8),52 c-reactive pro-
tein (CRP)53, etc. These inflammatory cytokines are associated with endothelial dysfunc-
tion, systemic inflammatigncardiological diseasesnd exacerbated myocardial ische-
mia54 In addition to PMsdirect exposure, othgaseous pollutants (e.g., CO, NGO
and SQ) were associated with increased instances of capdimonary diseasess 56
The summary of inhalation effects of Rbare summarized iRigure 1.2.

Further more, expo s ikinceeasessuspeatibilityitcddwend si zes O

upper respiratory tract infectiohsClinical studies provided evidence that Péxposure
was positively correlated with increased numbers of hospitalization and outpatieritiisits.

57 In one study, it was noted that increased instances of smog enhanced the morbidity



associateavith asthma, influenza and acute respirataagttinfectionsl1' 58 Mechanisms

of toxicity in lung cells include generation of fresactive oxygen species (R 8ecreased
antioxidant responsg9 andOH-induced DNA oxidation damage and susceptibilo
mutagenesis and other irreversible dang@y&he dysregulation of calciugCa*) home-
ostasis is anothenechanism through which Pidinduces damage inside lung cells, ROS
increases lipid peroxidation inside cells, which in turn elevates thidedals thereby in-
ducing cellular apoptosis or necrosis in the lusg&ecruitment of inflammatory cyto-
kines and oveexpression ofnflammationrelated cytokine geneme other indicators of
PM:z s-inducedinflammatory injuryin lung cells62 To determine the exact exposure ef-
fects, there is a need to identify the chemical composition, structure, atmospheric aging,
and source of Plk, which can help identjfthe intracellular responses in the carpid-

monary system.

1.2.2 Invitro Cell Models to Study Inhalation ExposureResponse of PMs

There have been mang vivo andin vitro studies carried out over the years to
determine the molecular and cellular changes associated withedXpbsureEven though
there is some evidence that PAdomposition affects toxicity in cell lines of lung origin,
fewer studies focus on the link laeten PMs chemical composition and biological
outcomes associated with @gposure$3 Various cell models areow developed and
testedto study the effects of environmental pollutants on human headibntists have
been trying to elucidate the toxicologi@apactmore efficienty, which constrains the use
of in vivomodels. Several governments and chemical regulatory authorities have been try-
ing to conduct screening of potentially toxic, genotoxic, metabolic stressocarcino-
genic chemicals. Mass screening of chemical comg®amd pollutants through vitro
andin vivo analysis has allowed the collection and maintenance of online databases such
as USAOGs T o waEmsraToxdor aguaticaampounds screen@igandthe Eu-
ropean Uni on 6 s66Riesk Dithtivesrhighdightathm importance of an alter-
native to expensive/timeonsuming animal testing approaches and have helped develop
the validity and reliability of cell models to screen out the toxicological and safety profiles
of exposed chaicals67

Variouscell modelsverereported to study the toxicological effects of environmen-

tal pollutants on human cellthe® are either derived fromtamouror immortalized from

7



primary cell line8 Normal bronchial epithelial cell lines, suchBEAS-2B (immortal-
ized bySV40/adenovirus 12 hybrid and clonedndadenocarcinoma alveolar basal epi-
thelial cancer cell lines, such &%49, areestablishedn vitro cell modelshat are utilized
in high-throughput screening approaclegsl hese two cell lines have been frequently used
to study the impact SOA from anthropogenic and biogenic sourg@s,1 wood burning,
gasolineexhaustand diesel emissi@nand biomass combustion product$idz 517 72
Many studies report the use of these cell linesrforitro assessment of oxidative stress
and cytotoxicity following exposure to Pidand gagphase toxic pollutantsd 70° 73-77

Studying the molecular mechanisms associated with the changes in the proteome,
genome, and ROBuild up in cells and mitochondria may help establish the toxicological
profile of different PM exposed to the lungglt is vital to select the correct cellular model
for exposure assessment as the PM exhibit a response inside the cells based on physiochem-
ical properties, including zeta potential, particle size, and composition. In contras; this r
sponse is modulated with exposure time and concentraidime four essentialompo-

nents of risk assessment can be divided into the following steps sh&@whdme 1.1

Scheme 1.1ITThe f our major steps of enviadoptednent al

in toxicological studies.

Whenconductingoxicological assessment of a pollutant/compound not previously
studied, it is essential to identify the source of the emission followed by the exposure as-
sessment in the correct cell model (e.g., from lung, liver, or heart with the right organism
source) The first step in acquiring toxicological data is the establishment of therelose
sponse curve to generate a safety index of the pollutant/ hazard. This is followed by detailed
functional, molecular, biochemical, cellular, or genomic assessment at &desdhan

its inhibitory concentratio®0 (ICsg) valuel

s






























































































































































































































































































































































































































































































































































































































































































































