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Tehran is facing various environmental crises, including air pollution. The main purpose of this
study is to determine the toxicity of chemical components in PM2s and its sources using linear
multivariate regression models between 2014 and 2015 at Sharif University station. According to
the results, in general, the amount of toxicity obtained in the cold seasons of the year is 1.5-3 times
higher than the warm seasons of the year, and considering the predominant share of gasoline
resources in the cold seasons, the possibility of a relationship between this source and toxicity is
strengthened. The results of pearson correlation analysis between the values of particle toxicity and
the concentration of chemical components in the particles showed that chemical elements such as
Sh, Cd, Ni and As had the highest correlation values with the toxicity parameters. Most of these
components are released from human resources (factor 2 of PCA analysis which explained 17% of
the variance in fine PM ). Also, there is a strong correlation between the monthly contribution of
mobile sources (gasoline vehicle source) and residual oil source extracted by CMB model with both
types of ROS. Results of multivariate linear regression showed that gasoline vehicles had the
highest impact with a mean contribution of 83% to the ROS.
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Extended Summary

Introduction

Particulate matter may contain some chemical species that contribute to reactive oxygen species (ROS), the main
significant parameters to introduce the PM health effects. The current study was designed to investigate the relation
between oxidative stress in an alveolar macrophage (AM) model, chemical species and sources contribution of fine PM
in Tehran, Iran.

Materials and Methods

Sampling complain

24-hour PM_ 5 samples were collected at a main residential station in Tehran every 6 days for a full year from February
2014 to February 2015. The sampling station was set up on the roof of an air quality station at the Sharif University of
Technology campus in a central-west part of Tehran. Two sets of samples were collected concurrently on quartz fiber (47
mm diameter, Whatman Inc.) and Teflon filters (47 mm diameter, PTFE Teflon, Pall Life Science) using two low-volume
ambient air samplers (PQ200 by BGI, Inc., USA).

Chemical analysis

The chemical components of PM samples were analyzed at the Water Science and Engineering Laboratory and the
Wisconsin State Laboratory of Hygiene at the University of Wisconsin-Madison. In this study, Teflon and quartz filters
were used for different laboratory analyses, including lon Chromatography (IC), Thermal Evolution/Optical
Transmittance (TOT), Gas Chromatography Mass Spectrometry (GC-MS), and sector field inductively coupled plasma-
mass spectrometry (SF-ICP-MS). For ROS extraction, sections of the Teflon filters were used to measure the DTT-ROS
assay and all the in vitro biological assays (DTT-ROS and AM-ROS). Measurements of the reactive oxygen species
components were performed on PM2.5 monthly composites (4-5 filter sections).

Statistical analyses

In this study, the results obtained from previous studies including principal component analysis (PCA), chemical mass
balance (CMB) were examined for multi linear regression based on Pearson correlation coefficient between PMas
oxidative potential, chemical species and source contribution. This analysis was performed in the graphical environment
of the R-Gui program and the results are interpreted using the statistical parameters Rz, p, RMSE and standard error.

Discussion of Results

According to the results of pearson correlation analysis between the concentration of chemical components in PM and
their toxicity, DTT-ROS was correlated with B, S, Sh, Ni, As, Rh and aliphatic acids, and AM-ROS was correlated with
B, Sb, As, Sn, Ni, Cd and hopanes. PCA is implemented on the concentration of chemical components. Five extracted
factors represented 81% of the total variance in the data set. Factor 2, which accounts for 17% of PM changes, was mainly
influenced by heavy metals including As, Cd, Rh, Cu, Sn, Pb, Tl, Cl, Ag, Sb, Ni and V. Most of the chemical elements,
such as Sb, Cd, Ni, and As, which were associated with toxicity in pearson analysis, were emitted from antropogenic
sources. In order to predict and model the ROS parameter, linear multivariate regression between AM-ROS (dependent
variable) with its related chemical components present in factor 2 of PCA analysis and Pearson analysis (independent
variable) was used. This model is written in the graphical-statistical environment of R program and the model coefficients
are as follows:

ROS = —198.3 Ni + 155.5Si — 23.48 Cd + 107.56 Sb + 144.74 As — 256.77 (1)

Based on the results, the developed model with slope 1 was able to express 94% of the total changes in ROS (R? = 0.949).
The results of Pearson analysis indicate that gasoline and fuel oil vehicles were associated with both types of ROS
throughout the sampling period (R>0.67, p <0.05).

The contribution of PM sources in the formation of oxidative stress (DTT-ROS and AM-ROS) is done by performing
stepwise multivariate linear regression. The result of linear multivariate regression is as following formula:

ROS = 46.5 + 58.75 Gasoline Vehicle + 2372.97 Residual 0Oil (2)


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/oxidative-stress

3 Toxicity of PM2s Sources Based on Their Chemical ... (Maryam Zare Shahne, Mohammad Arhami)

1400

([ ]
1200
7 ®
21000
E
2 800
g & ®  y=1x+00169
£ o0 R2=0.949
N
on
2 400
g oo
& 200 | @9
3 9
0
<
g 0 200 400 600 800 1000 1200 1400

Modeled ROS (pg Zymosan Units m—3 )
Toxicity regression model in terms of chemical species

Conclusions

ROS activity in cold seasons of the year was 1.5-3 times higher than the warm seasons of the year. Considering the
dominant contribution of gasoline sources in the cold seasons, the possibility of a relationship between this source and
toxicity is strengthened. On the other hand, vehicle tracer such as aliphatic dioxides and hopanes has a higher correlation
(than other organic components and metals) with the toxicity parameter, which indicates the high toxicity of this source.
According to the results of the two developed models and their error analysis, the linear multivariate regression model
based on the concentration of chemical compounds such as Sh, Cd, Ni and As, which is related to the toxicity index in
Pearson's analysis and from sources of human origin (the second factor) PCA analysis) are published, it is a more efficient
model for measuring and estimating the ROS.



(sl Bt 4 it
1FY jlems ) 0 5lmois <FR 0490

Journal Homepage: http://Jes.ut.ac.ir
e GLLIY YO —ASY Sig 7SI gL YYED —£AYY

University of Tehran Press

LT Slows Ol 5 wlel g 39y Glao O 43 oS U 5 @il Cumows (w9

ol ol 968 yaw 39

Y‘;ob-ﬂ oS0 ‘g‘w 8)‘) 20

maryam_zare@KNntu.ac.ir :asblly . ol pl oy 05 ¢ gl pas dnlgd  aio ol ¢yl yoe (wdige 0K ey ) basmo (wsdige 09,5 ¢ Jofums ol g5 )
arhami@sharifir :aeblbly .o)lpl o)l yad i pb xSl ¢yl yos  owtigee 035l o j bassmo g o wdige 09,5 ¥

onS>

4

Ao OlNb!

S 4 o g mlie sPMas b )3 s5200 alesd (lip) Caows (i e ool ol (ol Ban
ol )3 (b opitasia (g )S) S do 5 ey (Stad o pd Jold (ol ST e (slats,
5 o3lizsl ¢ laaiges _sloasd 36T ol 51 wblim oo i (stnies olSils oSzl 15 Y410 b Y-VF (ela b
OlS 5l Cpomw cnd Kl (ROS) @l Coow jl aadlis floie 4 oy e @l LisluST cud)ls
Joad 5| st ply V=Y (Jlo Sy Jouad )3 ool Candds Caouw i 1 wal 3 g wlio g o) (olowsd
Caow e 9 @i ol o b Jlaisd 3y g )3 S 4l blug S e s 295 b g 035 Jlo )5
ioendlS e gigaetl Gl Lo b (olons (sl ol 0l gy (Siron U1 gulis 9,5 o gl @3
sy (Stuan 501 L a ool ol a2l |y (Stsen polis ot Comw pasls bS] 5 U6
e O L) @lio (5L w5 Coonr jel)l G LS ooy b Gizmen )1 cillas 55 (g e
Pl b 33,5 =0 (e G 23S 295 93 g2 L o)sS i g (uju 4l blug @ Le ailale (S)Lis
©LD 53 duad gile 93 (ixed g dlamsed (olond Ggloll g Coow lie (e (o 0 piie S (g )S)
adis blog €8 lie a0l Cowd 4 ol 4 dagi Ldd S o pasuie joy Bl Ol)D Caows 35l 0950

Bl oo 203 AV L il (nSSls j5bo (03 ) Sy Caponn Sl ) (G

gy dlis 1o god

VAN el s &,
NZAVAVAL WSO Y Ty
VY 2 iy g,U

VEVNVYY 1yl &b

o jlaanls

i i sl S s 5ol
L Sy Coow sodis YT Ay

s o

i ol (old s 5 gl olews GLS 5 Lolul g ) Blee @l oaiSuIE e Camms (woyp (VFY) dasee (als )l foape s g5 1Dkl

AV —\‘(\)\“\ ‘L;«uulam

DOI: http//doi.org/ 10.22059/JES.2023.339901.1008294
DOR: 20.1001.1.10258620.1402.49.1.1.1

(1)
@ EY DOI: http//doi.org/ 10.22059/JES.2023.339901.1008294

ol o&ily el )Ll 2yl



http://jes.ut.ac.ir/
mailto:maryam_zare@kntu.ac.ir
mailto:maryam_zare@kntu.ac.ir
https://doi.org/10.22059/jes.2023.339901.1008294
https://dorl.net/dor/20.1001.1.10258620.1402.49.1.1.1
https://doi.org/10.22059/jes.2023.339901.1008294

1EF (S o lad o 9 M2 099 o wlids oo 4 puld 4

Ao .
DRl 5 Cao dnngs ¢l e Cugmazr 13y sl 13 S50 (slojed lame iy Blao oo S (S0 g (S2gll 094!
loa  Sogll ¢ JS oy ) ] od Ly p> JSodio ol oS g lmoa VT Ll il 8l ay yoie Ly GOl g 31 4 Sl
b ol < ylusl s Wlg g0 48 polds g astiie olgs b (SIS jlude @ 31T (clgn 1 0au VT &G 5l L b G jyoan 5l cl @)le
el Jsol b (5355 ollas 5 Canyd S5g5 55 shalisdlo LB 555 & b 5 3] bl & Iy Cng s S o 4 5 oyl
3ewST 35955 (S02) 2T (635989 (PM)  3lao > Jols oo Lol (claosis¥T lan b jlise (claosis VT .ules slow) S5
(Zhao et al., 2018, Zhu et al., 2018) w3 o (03) 455l o (VOC) JLd i &luS 5 {CO) (325 douS 5390 {NOy)

oyt Ao 51.053,5 o and’ ©l,d ol Jlas 5l alisee (clmog,S 4 Iy (glod yinS s byl cl,d 4ol s 4 sl il
o 9 99 31 SagS (Saaldg gl b b l)d g (PMio) yieg e 03 5l jiSarsS (Suolinzg il jlad b oy 095 95 dn(suimmmads ()l
09,5 45 (6950 4 aml Canwlio oy (Seolindg 3l jad 03105 b sl cl)d Cgllasls (6)l35 156 lje il o (PMa2s) yieg,Sue
oyl pus glgl alon 1 (g ydy OMSUie g atily o5 (93,5 it § (oS (S8l jd (g b 3985 CublB (PMais) 1iSs 58 <ilyd
2lowd CuS 5 (e 1) 0105l el 4 0gMe (Nezis etal., 2019) 15l oo 3939 4 3,8 oaisl (¢l 1y (Bgye— B (clacs)low g
(1518 ai) I3l o (PAHS) (cladlsdis Sslog,l slap,S g, «lyis g ldgu slacSas ¢ same 9 JT 2,8 Jolis) @y oyl
oS Silords S5 laclo,S g game )5 (I )5 emmed aliste (clajisu I slee lyd )08 o Sl ] Casw liae p
(Pope etal., 2002) 5,5 Comsj bz p sqw Sl Sod

ol kil mlie o g lyd cpl j3 dg3 g0 OS5 5l Ads Al cul Y (alee il oJ;:;_YT allaol @lyil pesd cps
Sldlbas 131 o Sl )3 0,8 anlgs JuS ol )Soly 5905 § (65 pwenal Cga ¢yl e 4 SbLs oS leMbl ol .cuily oan Y
a3l g Cniene ) ceslad)S Cygo pludl (M b ol il g g 53 35290 Glae S 3050 53 (o by > Slgly3
o g Ol Llyd b yed (il madiune wé g pubiiane wda wid el @l)d opl (2012, Kim et al., 2019, Nezis et al., 2019
e (Bayat et al., 2019) s oo Wl sl oMo 0 ol g (gl (Ll K5 D oge iS5 9 asliS ),;‘ls' b pisnnwsST o
(Al Hanai et al., 2019) cuol datusly 0¥ adgs wlio g9 amus 13 9 lyd 50 adySar SluS 5 b oau YT s sl yl5se cow
Gl 0dds 43y (i cuas sagilon 9 ¥ g5 Cobd (Bl goud g Blao il Ll le galaly 4 Oldllas Sy o 18]
sl 5 S ol bl 055 (0 a5 (o MBlaceo PM J5SU50 S 5| o316 85 it (slosoly ol 0 S iz o
Delfino et al., 2011, Daher) Xgd o (byxo ¢y wysto Slypdl g lee )3 oy b3 (65550 pilKe plgie 4 Cled) el
sbul ) @l cpl SUlgs dea jd @y jeas 5l il s slacuwl I (S smd e ol cldllas (et al., 2012, Lawal 2017
HEl o103 ol (sloJsle s )3 ROS) " JUb (5] (slotiss (6,8 S5 1y JSito ol ilyiso o Jsbo 13 555100y
Wang et al., 2012, Samoli et al,) .)yugo w9 &.)‘59““" .LJy ;S:Pu DNA WT ‘LS"I)L)“‘Q? J.OL-\J u.:?l]aaob u]))l wb 9 W)
Slaiss 3,138 o 5l el opl e 2 36 PM aan VT sl sloadlie «lyd o5lul 5 09Me (2016, Al Hanai et al., 2019
e )38 o (BL G lase Codls p (ye Gyl &S dia PM @l > Lol ddlie o0 @lils 5 b PAH oS oy oL
LS 5 500 @ le 4 (Wang etal., 2012) cul o3> il 8 )] 990 [t g l5ob s Jud 401y b 515wl 55 WPAH
Daher et) J.)?wu.o 4:..9).? )]aJ Jo .)I).9] LS'“’M“’ » )lﬁ)ul) J.ol.c U"W u‘?**’ V.LC] PMys » .)9>9.o ul)lﬁ 099*»4’ PM Lg)lﬁ
o e )% 3939 o oS s Cgn 2l (eS8 g anil asld jeia Sl)d e (g9 2 adllas 45T 3939 L (al., 2012

1. Particulate Matter
2. Oxidative Stress
3. Reactive Oxygen Species (ROS)



\ wb;/m.mg;/)ﬂgﬁ/uufwh/ff)dhaubécwﬂf@uwwjf

W3 3 39290 ST lize Sadiss pdiSTy Solke w4 by ClS S cal ndy GRaleST L)l 5 Blae )3 e (05T
ois o b bl o (gaasie wlalllas (Daher et al., 2012, Traboulsi et al., 2017, Al Hanai et al., 2019) 1S’ o oolitwl 3lee
IS W)l og2g (Gse 5 B ey (i Jolds (guidl i 1> S5 5 el EMan 2 PM (265 5 Jgbo (6]
il ol paleST e )b ololid g ROS 3B 5l oslaal PM &y Lo o (s (sl csjlon J 58 Car (e sl )Sal,

s (5 o8 3ty (o9 NS )55 i 5 ipmas 12l o b 3] (sloand 3 55 cyuleo Ay e e b o285
syrg0 lae @l ke (il cla Sl 5 015 plogl (ela g Sl bl sl 05 (6 b (laee g ISt Slog) sy
Jlme ol YL S laole ogatar Jlo slajs) I (ol )3 yieg)Sue VIO I jieS Jlab b )y ogadar s ler )
2 390 Blre S clale puiie dlaily 3590 45 0aiS 1,55 (sl ol [(Shahbazi et al., 2019, Torbatian et al., 2020) cuslosg
o VT ol clale o3Il 51 iy Gl alil e 9090 ol & (3D Cupenl 68 (oS 5 By (8 e (slacs)loss b Is
4 colic L 130 (World Bank 2018) el (eolatdl o elazsl 03,18 s slotaly (gLl e ioMes 5 Lito gl s ogdle don
4 b cpl Ao (bl 5l (o g9 cnl (I Slop > >l ke 19 Vb g Ign 13 35290 Blae )5 (ite U
(Torbatian et al., 2020) dw) oo ka5 4 gy ) 4 0529 d> g5 5 ool Hlaid

Gyt oY LBl oy et 1 S bilad o] il lio J,5S 5 booais VT 15 39390 a5 lolid (58 s &) dogs |
e oz 31508 aliseo (3blio ;5 (PML0 ey WIE) 5 (i S Slalllas (1352 39200 & dgi b g (Sogll S
Oldlles oyl pg3) o (Rezaei et al., 2014, Naimabadi et al., 2016, Soltani et al., 2018) .5 ;lo)S" joud j> 3= U5 (ydxo ¢jlgal
oo BT 51 ool oy gulis oS dy 3gu5 0 W awyp ol > PM2.5 o) Glao ©lyd o L g yguiS (ola o DS 5
S s 3 5 Lol (sloailgn 3V 58 lians o o5 Jao sman Tos iy sloJbo e sl g Juos 5 0
sladge clale 5 @l)d Cuaw i o (S 9 (S byl cusl ssel cuwday (Arhami et al., 2017, Arhami et al., 2018)
S 0)93 S (b PMas s Sl gl pdiged 5 (Sojlil slaie (py 23,5 (plulid ) W @lie (S)lie waew 5 (olowd
3T a8 8.5y Ly b inkao oKl 3 Bl 505 30 93 s olS] (K 3 YA B YVE (gl Jl alsls ;s Al
2855 plosl 1o o 55 g &t B 05,8 s 10l ity Il oKl el 1> niges (55, (gl
Sllllas o gl b ol adlllao gl 5 o (59l 3,5 9 Julow )3 blito § (loard (slinl Cle & bgypo ol g 0 gl
izl Clle ¢ glons (ol @ 4 28 b & cul Gpo o )5 gy Slilllas ool 3 sl ond duglio 13> puslpo
ol sloadlge T Jolis abliie sl jbg) SoS d upms 9 00l Cassdty o1 3590 03900 13 o) Blas ©Ii5 53 39250 (lond
3 Blee @l 61y ROS slewts jJUT s (pols dlie j3 305 o ololid ol Wgs 5 g wlio ( olowd pyr ol Jso g
S 4y i 5 e ot 5 553 3 5290 (pliasd S CLIE | o (25U bl i 5 008 Byme 5 e
aolllae cpl 5l B S0 @)le &l oud ilow s o it Ay (gm0 )S) 5 g (Stera 3T (ygmen (5 L] (gla U]
L (bbite slosisy 2355) O3 A5 o 35 e e 5 ((tliosd 3T 235) (olomss i) CBIE LLS) olizn (s
il o b ot iz ygmnsS5 o 5 g (Siesntd 3T S8 & (ROS 36T 2,3 13 o a3

Receptor Model

Chemical Mass Balance (CMB)
Principal Component Analysis (PCA)
Pearson Correlation Coefficient
Multiple Linear Regression

N O~



1EF (S o lad o 9 M2 099 o wlids oo 4 puld A

g sl gy Y

8319 234909 4ol 9 g Axdlae 8 490 oS! (B y20 N —Y

Sly jpll 058 4l (agix alely (g9 g Jod 48BN 5 423 Y0 5 (5 dlBd VO 5 420 OV (oldlir Cusbge ) (a5 e
G IS 3 oS oy 53 i By 5 e i slbosS 455 53 digsm st St 3 i e 3L ] o
Il s ) PMas oao VT glaasT oyl b5l 9 L3 Caon line 51 eMbI (gly 395 o0y 5l moso VT 295 @il il
odlisl hdliso b SOblS 023935 3l (S &S @Olil Ll sl )3 9 (5 S w8 5 @l Ly oSl ol
93 ol Blbl 5 (Sdgll Wi imio @lie jieS g wlodly JSis SoSume gblie | ol8isly 03game Bl )bl odas glio .ol o0
ooVl el g5y syt b NS laise abais BT ) 3 jate ylie wlipdy Jao (g > ol S5 4 p3Y )l
Slop CunS g5 Slodas 36 glio cnl @) —old 3l 5 s (85 8 liio 2 Alols 4y dr i L)l dilaie ) (cln
ol Blybl (clgn y3 onds piie slaosu VT 05 5 Same g JI )5 Slgizme g e l,d 16 05,15 Ly b imio o1y 0lSituan)]
L 50,5 Ol g (SB b S5 (I3 g i 4B Jlog Jed Sl eaV adg ad Jlite qllo Sl 126 Wl o ol
ol BLbl 4lis bylog y500 5 s 2295 B > 5 0B plare 5 @ly Jiig o bl 5 48,5 Sl ppimen 5 g2 10 29290
YoOF Jlo y08 4 5) Jlo <SG Ode a5 <5 oy SO b b Sy 4 (6500 diges o] cpl y3 b ooll HLLS g e
PQ200 (sleolSiwd 5l PMas slxo <3 5l (o)l paiges cps .l 00 (659 zon diges FA legasme g 0 plos (Y10 4 4il5 YV 5
L ) dlo S5 0)9d SO g iy b oS Hd Al 93 090 S (b il ol g oo edlatwl 35)leS g ysles (sl s 4 PQILOO
VIV L b el YF S 4y PQI00 o PQ200 olfzs 95 55 LSy oy id b (sloj alold b s ;o )3 yituns oSty
odlitiol U1 als o 55 B> lje (ial3El g Lol ild gy S o jild ol (1S)L IS ) g ge (UL g 2 erSa st
Sl i e Ca (2L}l ol (sl b g o s Sl ol 5 2L}l Sals g5 93 4 il nl S
dwgy olod digel sloyild wilo (5351 (cly Slie dals (glayild gy o S il (gilundlel g gt Jole o> 3 03)lg
0313 513 ool (19,5 gl s Joo (6513 paiges ol oo b olRitalojl Joro 51 &S (gime (s S (o0 (b gli5 S L S
oo g 0ad )l oles jllgn by jgee g dicbs V¥ (Sloj 0)9> (33,5 (5w (ygh ol )3 (5855118 5l dm Lol K59 oo
Sl 595 b bl cuai g oo s (b 03y (S9l] (i (ol Lt s ol 0,8 aly 5 1005 o L elSityle]
Ol 3l ol b &) laild (g5) p 3990 (S9Nl line (3L B @ lgiee (Sgll ke ol izl b BT e je y 1) ]
Sosgei b 35 1y ISle]] olye 5l 4 a7 b (lise sl (sl il ool 8 Sl citbn ol 550 (Slpn
M5 G @l Jya> ¢y onlple s 55 358 00 dlm] a8l aals gl jild o oS Bl (Sl Jlie el
A ol el g a4 diges S ol ()35 diged Vo e lil @ Ihgas el BT Slae sald sladiges

o WUT.Y-Y
olie s Cas (TOT) (oy5 LolSs 28Ty 50UT g o 48,5 0500 ilises (sbasllT 5l b obassd linl ololid cas
Slopys gl slp pnimen 25 0 485 S 4 diges g9y 2 I SluS 5 g5l (6l GCMSY b, 5 (ine 5 JT 025
o3l ioluST b\l yoss g ROS JJUT 5l g SFICPMSY JUT 51 cljls clale 8l (oly dCY LT 51 Oy Joloxo
0520 4 dobdl ;3 (Arhami et al., 2017) cuwl o0 pu s Baisnsl (L8 adllas )3 olowds LSy gl sewl Gy 00,5 s

9. Thermal Optical Transmittance

10. Gas Chromatography Mass Spectrometry

11. lon Chromatography

12. Inductively Coupled Plasma Mass Spectrometry



q wb;/m.mg;/)ﬂgﬁ/uufwh/ff)dhaubécwﬂf@uwwjf

33,5 oo 0Ll il o o 4a3ls gis 4y anllas oyl cilas abiis oS (£ i b )b g 5l

ROS (g ) 41 & vkt Cud yb 5IGT g Tl poiast 1Y
srodl oy Ml S lome 53 (ol slaoniad gl algl T bl sla sl 57705 (slajlBg Sl aiile cisy sl b
o] 5 39250 (oo g 9 Jobo 0929 G0)I55) slopgignd hass Laljdl 555 9 ojlbg Sle ) s LopoundlS ) Sl (550 4 Joko
O SYsb e gl A 0ol &S Syao 50 .05l pbonds Jled 589 ,S e g o Juols Gy pas &S ol Jolu 30)5 e
G She b Al dlge (635 150 pogMe ajlag Sle aiS o Lol zezs odle (pl Blbl j3 518g,Sle (o0l dlawy ciley BL
5 0l bl el &S din ol yeSl il hespe b oo cpl bl o b )0 (218 i b bLS) 3 55 (6,500 woe
Cagis el 03V 5 09 siaal gy ol el (51 U5l Jste imen ol 45,138 o 13U 35 el slagusly (69,2
b ooled 31 g 0l @l gl (31l 5 (65l 53 sade 5 rgme L1 3185 S cg (1000, o WL, oo 5 L] 5
(sdiS Hloxdl pU a2l Sy 53 el cpl W 298 o0 2 ROS g 0ad Ja 56 3l (i )13 658k (sl Jobw (Blre )
. (Breznan etal., 2013) Wb o Liol38l plp ¥ pSTie o l)d sliciwl 51,0 Jige <dd 5 45, 0 ROS clale oS ol o\l
Sl sl Sglite o (bord oS5 5 ojlil s a2 95 b g e Jobo Sl 4y i o lae SS (i) fily e
D (St 4y glodl & oyl Gras Si5 g Jl Ul g Colue 4 jol ol g 20 syt (590 S o Jiliy 52 las
350e) JT 0S5 5 sy 9 U8 poably ol asle) Jlone 38 Logans lass ljol | (oY Sl (sl PM yl 5 opdle
Cad )b (wpp S sl il Sl o)k St uew (a3LS glnl gl S e 8 )lie ROS Mg 3 &Sl (o (PAHS
Jslomal (claisS e s cas ROS g, 5 23,5 o3litul ROS bg, ob jl 5 lale & ys 4 PMos (cladiges il
O905) 93 31 o3liw] LROS wlgs sy diges Jumsls 5T ol 55 59 oo ooliw] LialS yioluST (sla STy )3 oaiiS oS b (o3l6
ROS ylie g oad Glomiw 7 J5k g (63 e aliond ) 9 "ol 68l gy 22 e 9,5l (g (slopl &y Jiuws
o Sl ol (gladlaie > @l GlaST Cud )b e oy b 035 o i AM-ROS g DTT-ROS (polis b sy &
22,5 o ol cilisin i b Ay 55 5 il Jpmb 5 3 S 5 Cpm (e

SaboT Julxi F—Y

b ot 3l o ity (g 92 V- F Y

My glie ()l mrw 5 2lod Glipl clle dbale polie (o b)) (w2 Caa v (Ssed oo jl adlae (pl 5
0332 )5 & g pile 93 o ¢ Ay Sz g (b dally Glise e jobate 4 o bl 3,5 (o0 03ltl Cueus yia)l b PM2s
aaly b o o 4 Cand eyl 93 bl e JSSko o] Hlde 5 039 V g =) dae yw co s o) (Statistics 2022) 34 o
i P g R (glol slojially SaS 4y o] mlis 5 00 plodl R aaliyy (K315 b o 30Tl dlco o @ygo 2 o (L)
255 I oS (I3 a) aljls Jols ol (4545 DA Gi>s ol > (Hamad et al., 2016, Shafer et al., 2016) 35,5 .

. -0 0i— ) )
VX (i — 02 Xy — ¥)?

13. Alveolar macrophage

14. Epithelial cells

15. An in vitro macrophage-mediated ROS production (AM-ROS)
16. Acellular dithiothreitol consumption assay (DTT-ROS)
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