TTV-TEY ascdio VLY JLM# cuMU Jwaﬁ (@93 D)lo.w ‘M 29 cc.«w.a.l) b.g?u p}l& Ol e

AERMOD Juo ;1 o5l U SO2 g NOx (sl suis¥T ST (5981 (5 5diso

(5 Loondan St 259 5 (63530 anlllno)
RPN 2 PV XVES IR 0% DRV
) el (iow oS3 55 (sleegld 5 pole uad =)
aftalebi@semnan.ac.ir : Jszue oxiws g Jrosl®

WAV il o) VoV AN cdl s o)
SN
St ()l oS58 (LS slmona¥T Ll 5 adgs Cumidg pile gl 3 it oo VT jlisl (ol plis ) (S0 Gl slaolSy
Vo e b ootV il s g AERMOD i it o) sl sl 555 15 oy 30 53 gl o
e 0391 53 (el WA Jlos ool clasl 5 YAD s iboj o3 3 g (Sl b (£l b odlisl L ¢ aielis V¥ caeles
295 ay Lmou ¥l ay i |y )Ll s (5t CO2 i S 900 (gloseS ol olisl b ploxil 5,565 10081 (63 9 (5950
y90 Lo Jlo Joad pled 3 el N Sloj (pSSke ;5 SO2 01 YT 0 03 (paesss clalé atuiin ( Jho sla 93 ololy ol Lolass!]
Aoy ol b odaline VYAD (i) 3 0l 03 (pest clale oy i o dielo YE Sloj nSSle 10 0g 3lnilinl jbre s 5 YL adllas
393 5l 5YL (6515 00tV oyl @ams OYAD juls 50 03y 4 Jgmad (S 50 oS 39 o,k NOx oun¥T osds 035 (et slaclale
5ol gy g 5 Byd Logis Slelis] atal )3 g oS gy g @y Bies boss¥T (pl oo cunl 48,8 )13 Mdliy 5 Lo (sl
C g CodsS Glidl g (0 slagbyy Jleel (2195 cnl 3 (umer STye Cullad 4 drgi bl )3 10 5 prede sl ©)bxe
Py 5 4 (6)900 (sork bt o9y

S5 wlols
"5,565 a8l 3" " jepis a1 "AERMOD™ Moa  Sagll il )l b oSy "

Eoin o sCuled Canl oSy S ol ol & YoVY Jlo dosde -)
1ol b olie Ll el ((Jund glacSgw b bLS)I 5
dl)_) ]) UJ.L.’XA dLh.\Al.u 9 )L.AAAJ £ gaw ul).:l 4§ "bﬁ‘”gf Lm.\u\ﬂ
My sleolS gy da )y 4 dogi b S oo bl Connj laweo
9 W18l (oo ol o 53 g ooV il Jole 005550 5
Hlasl blod 51 (gl &lyil a)llas pae &g 4o AilgS 0
U asg b glpl o (Liu et al., 2007) sl sbol (SuuYi

S e b ogz (3ol b plojen 5 (M VT ()8 Ll )
055 siunadl a5 S5 (g5 opelt (ol g gis
o> (Zannetti, 2013) 15 oailss Joou g i Hlod oo
i ol d U gladhais o Mol o ol )3 e lass 495l
elie pialS (g9 (ol ® o) plale)S sl 9y,
3 ol bl adex Sl Sl elgl (Suisly 5 nbo
iy Glex et Jlal sl YAV (,81) bl o oS
Ol (ygsee Cin 390> S pe el 4Vl I Syl (WHO)
by 188 g8V o 5l piomen 298 (o0 (e pulpe
205 (53901 595 olyor 4 3 lniliwl ljue 5l 15 aS WS o uiis
GBI be (Sogll dsn (Sogll ccilia Sl lojl iy b
45 Conl (Sfodon b (S5 (pliend 0lo o g ()1 L
(World Health sy o yuii ]y g5 ab Sloogas
Slas maw o)l b iagh )51 .Organization, 2021)
lop (o9l Sl 5 8,518 &l o] 51 (S dags o
ol sl 3 sl (Jool bt g 5l (S e @ pllel
s 4 gl o (Russell et al., 2014) o o aslis

le Cogw Bras lue » 3p g (Sl slaelSyy ofg waew
YIV corb 8 o yio d)llio Vo Dg 3 VWA L o Lod
Sl )3 LS pd 3)lilea ¥IA 50,55 s i) 5)lke
2 (WA (550l aelsly) cowwl 0ad By ime jaiS 5y G
o Lacdgw ) 39290 3,565 (deud s gw lynl lasnl)b
2l iz 29 o yiadl 3))5 (SOX) 2,555 38 Jgie
>« (NOX) 595 AT Jolis aolSg s 51 (655 (slaosss Y
393 5 (CO) 1S 5350 25 « (CO2) st (03 08 (3o
5 pls b S JIE5 50 ds3 90 slopallil jI Sy 3,568 cud
ol Jsle 48 sl o Jugil 5 Sgile dlen I o &Y g
55555 381 o> (Li et al., 2007) cunlgn 539l Mt
5 Mlie 3 )Mo (gl 5 oS 4S5 ) 90 (565 (SO2)
SaS 43 5 ol S o syl sl 029 S 55 T L oS olSin
Ol D98 (o Joas Sllgw (yg 9 00 2081 (3 o U8
il sl oaoie @YU ) lae (glon 13 pols b > SO2
Loy o (gl m S Lo slod bl oLl YL
lyt sSosio 2 p)5 YFD) aSo jio 2 25 A+ V(NAAQS)

"Cd g ol Gl By ile gelgr )3 (655 Bpan ]
2 (b S8 5 el Saw e (Jlo lgie @) Jolite (ed sl
slaylol 13 oy ol g sl 48,5 51)5 yotS” 1 () )18 50
World ) ceul sgeio MolS Y41 Jlw (glacl L s asl))
5 5 LeKis 5 —wlow Yo (ENergy outlook, 2020

2L



TTV-TEY ascdio V€Y JLM# cuMU Jwaﬁ (@93 D)lo.w ‘M 29 cc.«w.a.l) b.g?u p}l& Ol e

ildie diile (gnae 5l 5l bod VT 4 bgyyo Jolge pl g conts
Ju (Daly and Zannetti, 2007) x5, 0 050 lsa S59l
Coga by sl el SassT, Jue <, AERMOD
3 (sosrls B0 L) osss 2,0 (SaisTyy (siladio o 5l (sl S
L (e 5 losomo « slel o Jite s &) 02291 il gl
aS 3Bl o Jto Gladdai (3 oud 03 )8 Glusguas ool
liogy b e (ST culp wile il sladsgone Jald
"SRy 3 (S bl oz g o3l (ej Slasiie (pizmen
13 005 s £LosiysS 5 oo VT clale (ppess Jie oyl o
=00l 31 ealaiwl Ly dnloodjlgn U diclucS 5l cglao (loj (sl
(Zou et al., ssb o seloors B3y i wlislea sla
PM10 (slaos¥1 2iSy, (2bs)) & olylSen 5 5,20 2010)
e ool b dgeto 1 53 o5 e sl 3 o3 CO
oamyLis gl wssls,, AERMOD lga  Sagll SusTy,
Cowl 0dg (SeS s blis jo Lasa oY Ay Jobolble
Oleete WiVl xio oKl (Moharreri et al., 2020)
51 =56 CO 3 SO2 NOX oau¥T as (c5ldio 4 imgiy 5
i g oS5 (5 S o355 sLn i Sop0 L
o 2wy Hle adhie 4 > &5 sy AERMOD
(A ¢ Slpl) ccsls (3 SaoYT §l cos gble ple 4 Cuws
0956 D o8 ild G ) lau oo 008 iily o gy oy
OB, S gla iS5 5l aily il PM10 VT SusT,
5590 AERMOD Lwg LSl b s 33 Seoolpoo 9 (518
Cble o w48 35 o | S @l <85 )8 )
Shoj oj y3 g 3kl g5 (¢l azelo Y¥ Sloj oL ,5 PM10
5 =) cnl e 4 5l 3L WHO 5 sl 4l 4YL
P addlae (b5 eas jl gyl clagingh 53 (TN e
s 335 gy AERMOD g SuS1; Jae j1 ¥ -7 Jos
LSyl > 5iSig 3 oSLa Wl (K255 5 b e (Slyn 35is
sasimd Lt gl b oslizul Yo VTV oA b o ol Jles
aibaio ol Camer ¢l EPA (com 5l ods i 2o 1 Lo clale
4 o)L ¢ Lkl o (StoIfi et al., 2021) el 039
L Sl oS 593 jl el sl SO2 281y )
AERMOD Iy S5l e 5l oozl b S JIoj b gus
5 el o (giludie cibale wSlas uls 4 dng b aiisly
7S 3L (gl iS5kl I oy o 5> SO2 &l
-oL5,,s (Srirattana and Piaowan, 2020) . 3,5
Wiljg (o LooliaVh olyen ) wgjle 5 S JUEj &5 ol
ol L koo ulio jloas 1y SO2 il pows 93 Jtuns
(o sl Bl gy > SO2 Ll sl glS (05850 Attt
9 4S5 e oo Sl (3 i (e3gmo Gluye o]
<l YA Jlw 3 SO2 sy olime 9398 (o0 €l lin yo
(Dahiya and ccul Jlw ;5 555 LS VAY+ dgas Lo yg58
LS g0 eey9iS el aslijl bl Myllyvirta, 2019)
0)95 & jlme bl i Bpas 4 25 L 50 Wy )l sl
(8555 4ebi3l5) ey simlgs oa YT opl i ) (closes i
slacbile s cogn plen (Sog)l cildie cucnl (VYR8

FEEA

(Yang and Omaye, 2009) il o (4l YF Sl
o b glalas )3 dewgs Sl 55 glaysiS ;3 1,581 ool o3l
sl b)) dacasiglgmasal Yoane 125 o (S35 SO2 VL
w0 g cilize (Sloj slagspw (58,5 Sl L) (mede e e
P e Yo 8,5 1,5 51 ] sl il g de gl oo
LS (oo (gt sre Oygeo &y g (saae Sl b (Sogll (550
b ybes] 2eM 61 SO2 clanaly, [(Luechinger, 2014)
el o ol lasl S i g 8l StoolisS Sloj o3l
SO2 sl ol s ol 0,5 ales 5|05 sals s (S5
(United States swa 5365 jogas 4 qoul 4 Mice 3l 3|
= 9 (Environmental Protection Agency, 2021
STy (b pgmlinns] (1STy ity > 02 9 N2 e sl
3081« (N20) sl 55,25 Jolos (olmodgly 8 (31,2
35 oiarie 63« (NO2) 39,5 4] 6 « (NO) S, 25
215 5 63 « (N203) )lsials 5 yldie 2]
255 o 2 J5 (N205) s Ly a5 0 5 (N204)
Aaly SO 295 390, (Yang and Omaye, 2009)
lod g a4y Co g s s (63)Skos sl )l plu (2B g5
IS gl adaie > 3linl lon 52 asli 5 53509 Slon
SlEsie b dn Comnd Sy 28T (03b5 Glie > 255
o3l 338 el (Habib et al., 2008) s> yoa
=y 3l asl Lasl NOX o add Jlo 5o o basxe cblis
(United cusl odg; o5 gabee =M 3905 5l > slealSgps sla
States Environmental Protection Agency, 2020)
aS 565 o NO JSiis 4 oo 92 0 02 g N (0 j2STg .
L 28Ty 5 e NOZ el Jldl JBs 5 Sy 658
o M 1) S5 g e el 3l S5 sl Jolre
= simnadl 1 cadg NOX (HNO3 s HNO2 (5 ) a8
3 G g Jols oSl wlie il gl @l )bzl j 36 wlg
sladise 5 )59 ads Jlug ) S yxie glie g (d (slacs g
Ay (Stwg 2ile (b Cllinl g (b Juag] 25T (595U
sl SYgame ploie 4 b JSix b clasisw (5T ]
oM o NOX St 0 5,135,800 )83 slaas b
e ol (Yang and Omaye, 2009) cul NO2 la Ll
el Adhsegn 5 Jokos ol s 32 NOZ (35 31 L 01T
(McGranahan and s aalg o0 el piasw > S
33 il L) ) e Laoan YT ks, . (Murray, 2012
= st g (S pulitlgn ol & (ulidlon pole I (Slas s
5425 2 (w (ldlgn 05> 53 (el g cnl )3 90
oot s ol i Y 3 Ism (Sogl ol izmen g Lo
25515 asblan g sla Jie 5 Lo LSS bwgy oY @l jl
ol i yiuned] (sjldae (LYyONS and Scott, 1990)
b bl 5y i (gl 26l )5 5 S50 s,y 5y50 13 (605
g (e gdaw 59y Slop CusS D5 9 bame lgp oS o

(United States »,.5 . <90 lgn coaS o Singh
oj9,—/ .ENVironmental Protection Agency, 2021)
wlale (culiilen olinl (g Bl daly G sl Gliice



TUTV-TLY aoto V€Y Jlw cam‘s Jad ‘®9d b)lo.w St 849 (s AZC N '091.9 Sldlhe

&35 sRow T Wil g i Jde (Bpre @
el 3 oa YT Ll oo w Liw 4 Aermod i
@ chle @iy Bl Gl dbpie g g (Bl Cjga
@ 23y Jae by ((PBL) (s (530 4Y > (w55 b,
(Cimorelli et al., 45 LMl 4¥ 3,ls 5l szl ;5 b 39
ol okd S5 Lol Lise aw ) AERMOD 2005)

) AERMAP (AERMIC _sus1, Ju ) AERMOD

o5y iw ) AERMET 4 (315095 5 cpej oijy Lin
&Y oylad S5 5 Je oe.‘ L;L.lm sl )'l S poas .(uw‘.;.:}‘}h

ol odal s ioled

sl

N ( N
DEM b < AERSURFACE | —
. Shazsl & gt ‘

R

| AERMAP

" A

s
([ petr —
Nl WS

—_—
—-{ AERMET ’ * ™
L . J [ e |
| ammon [
AN /
—

e RERMINUTE

Ny
“_1-Minute_~

AERPLOT >, > ‘

AERMOD (Sx51y Jao > giludae plosl Jol e -F S5

U S J s o
3L 290 (o glaoaldy il s U cuby wlibler oS
LY ojleds Jodn o awliilsn o] Glusgas b Gl
) \\(NCEI) U9 = )l Ls’:.cl_m ‘;’x\a_w Olialie Cowl ol
Jlo gl B Yo Jl 505 0Z JB 5 (NOAA) ols,l,
NCDC cop b cleMbl oyl s by gols @ ygo 4 ¥+ 14
3 00d (6y9] zen (slmodls 05 3)l5 05l y Jue 4 TD-3505
b iy )50 AERMET o5lsy Liw by als ye dw
9 03d b){és 4.«.»5& )l L;wlu.»l}tb Lgl.tbb)l.) J51 6\l>),o » A».E)f
pgd Al o ) s hpdy o odld (&S 2Lyl 5 2 5]
Jlb SO ygo @ dicln YF (slaoygd (sl 29590 (slaodly plos
slaodly wisildy iy pow dlsyo ;0 Colpd g A pleal asly
2 odlil (gl p3Y (gjye Y ool g oS 5 ) lidln
Job s AERMET coly a8 o o |, AERMOD
ol L) 35 o p 2 ) e Y Gl el (ol L6 S
05all (glod Lol S MBS Fos ((daw SKlanl ce o o aw
(B iell oo g Lod g 3L @ ye gli5)] b gl (rige Jobo ccs390e
0L 2k o S 1 390 slo bl e ol g

(oL sloddlgs Hlxo Bl dod

25U Cudd owlidlgd ol Olaswin L) Joua

£5¥4

prsts 9 (2901 S8 g 29y plio bug (a5 sloosyY]
(United States wib o sy5-5 syl lgn oS @ 4o
4> L .Environmental Protection Agency, 2021)
ool 938 (sLaolgps > Cgila g (oaubo S o ailw @
S leea ¥l ulg ol cBlato 5 (650 aljl5 5 e csla)lel
LS 5 Gy (Gl C e 4 (295 B (slaad
e o 501 Bl ol 1 om g3y ol )3 05 Aimlgs
oor 9 Ol Brae S g £ 95 bl A5 Lpaslo diad o g
Syl g adllas 3y9 0 ddlaio ;> SO2 s NOX oau¥T 93 STy

2,5 pbuil adlate jd Sogll clale ials cas > ,Kal,

o el (g -¥

S8 slaoan YT SuSlyy oSl o b pols imgk )
B Cgw g5 95 Bpan > 515 Gl 0 (sorks 30l o9y
ol 015 plosl AERMOD s 1 o3l b cgjle 5 anb

axlllas 390 23900 @
b & AL o gl YYIF ol )08 b coudes g o950
2 oBgy ol S (o Wl )9S By Olg5 3 Mo LB
331855 by (dolo Jlgs 3 oSS s el Jlasd (5 3t09kS YO
ol &8 ol 0ad JSE5 (oo 5SS 9 510 Jiene 250 93 1
ly 93 5 lglRe ¥Fe ol )8 b Sy e o5 b oy Jer
g5 3l Ll shis 99 oher & ClRe WVIF (Wb )8 L (5
R S OWRNTS PR S WRCH M LW SN F ISR L VR E SN PR R P
O 22ly 93 oBgp5 (ul 3 izmen im0 SIS ) (S 5
Gy 0B gy0 b culld wlgle F/A plS” o ol yad b oluudl
g ol g plyis & (b I Ch g £95 93 5l (osbe
e oBgy) S oo ool pjle (Nl Chgw Grinen
wb)S e )3 g2 e abal laie a4 olgps S pe (MW r e A arks
Caaws &y jioghS Vo alold & oo dais jl (giludis ddlais D
5 AShe opja ) §rd Conw 4 JioghS B ()3 sbp) Jlod
bales 5 (o> 3aed Jolgw) o oo & yiah Fo (bl iy
i g S peding slopped Jold) gz Crouw ) jiloghS ¥+
otloB 529 ol Bl Slazel (it ISin idgy (ol clelis)
oylesd S 53 &)l J555 )1l lawgs adlllas 3,90 adlaio g oSy

ol 0 031 isles )

S3ldso aihio g sou st 259y 5l (stlgh yigeai - ) S



TUTV-TLY aoxto V€Y Jlw cdm‘s Jad ‘®9d b)lo.w St 849 (s AZC N ‘591.9 Ollae

b ibaie (gl 05,8 VYR w8 sy )3 dsdise b))
9 0dyS Vel A S 0lS gy (e piSu Joli o5 A Ll
Feo oo Jolgd b iy a0 (gola> a8l iy po by (i
Jold e 3 48 o 4 cidy o 3 e Vere g Aee Fee
PV Glaal ol b osipyS WA oomen Al o 015,5 YV
~al oS (b adlais )3 plite g S Ojg0 4y e Vo
sl U acs blod opej oo 51 yi0 V/0 55 baoss 8 glis)) Ll
Ol (ol ol ogde g Laglul 55y 1 lmosy ¥ clale
gLy Jio il oad BLod ()5l saisS (primen 5 (LS
e op L WEBGIS sL_55 jl ) (o5—3,
o3 9 [l b e ¢ 13 5,4 GTOPOY+/SRTMy-
Sl Oized g ok S (sl e paw lelis,] AERMAP
£l ) agdy Jto L i 6, iSols 58> e &y (gl golie

ol 03013 prgai 4 ¥ o)l S5 13 (DEM) (e

W OWOD W N RN 0%

U R o] N
N men D e nMa DN Pme Mo e les Nao ig
n -

£

LM Mo o)

O [ [ R T [ [ [
EEEEEEEEEEEE]

il =

=

530 05 3 adllae 390 ailaie 15,1 sog3y Joo auils ¥ UKW
AERMOD

W) aalo 4y by po (gl 231>
la i Sgd 5l assl Lisl claosu YT claodls yols Limgh )
obsile gl G barome cBlis lojl Sl o9y (29
L5 Y0 o Jlo Jolid ods (5y915,5 (slmodls .l oad (g y9l3,5
=502 g NOx 00 YT g5 4 by sye g Lad &g 40 VWA
o clale gy (iS00 | e b slaclale il
b o osu VT JLisl e dle cagn cul 0390 (PPM)
255 o (MY/M?) (o clile w1, (PPM) (o2 clile
5 A7) (253 S5 oz (28 o oy il o b e
JERRARCHINTY (o] 75) IEWESRN <! BN FEVA DI IO
SS9 )L doly (sl (25393 (b Clasuie Yoojlad Joio
Oiales 390 2Bl (oye 5 Job Clate olyen 4 3)90 (oS 5

Gl o 03l 41,8

EW,l | oss Jsb - &9 U
() | wlilze | oldlie | ol | o] | ol
1) v5l5t av/a OINZ el B

ol 36

bl s aiajls AERMET oisjloyy (i oimen s
Jolid a5 0l (o0 o sl (Shg (355 paSeie lp (daw
(US. ail oo o 505 Jsb 5 st a5 901 (5
oI Environmental Protection Agency, 2021)
g5 dlon jl axllas 590 ddbaie | xdaw Sluoguas 4 dng b olis
Bl Gimgtn 53 95 (o0 )0l (LS LS g (el )8
Joda sl od s 8o Jad Oygo a4y (i sladasuie

.,\HS < odalio I) Lm)m\)b” L)’.’.l )g‘buia ») Y D)Lw.ﬁ

4 anllhao D90 ddlaio )d 03Lwl 390 (Sdaw (s eyl Y Jous
had OlydS O j90

o pS | S & " .
ol | ol 8P| snb dhz:" d‘-*t!' .
) ) chw 9 WS | gl | Jad
(‘: (i () | oo | (29 | ar9)
ey
-y Y| e . itu
/N N ooy Ly . 0. :
NN /N ofeeny ‘5. ):ﬁ'l‘i
.y N Y SUURY . R3]
A Ay /-0 ;l{—l
A -I¥ oA Jijtes . Ol
.Y -1o oo b
-5 -0 [+ .. oo
MR
DA /-0 icl;; v Ofm:b
N3 -/o /oy 7%
Ol j

550+

4S &bl ) AERMET o553, i slo cubld 4y a9 b
slrosly (8, 8 b5 0 Ly dgg wyiwd ) YU g el
ol 2855 plnil (g0 Y gl iel)ly Sl o xla wlidlge
Sl jl g 485 Cjgo (05 Ao 9 (225 SVlre olul oo
(Lake cowl oui osliiwl Jao 3 YU gn (slmodls (a6
s AERMAP Environmental Software, 2015
e 45 cewl AERMOD  Jise sla ossjlsy Siw 5,500
2 odd (o hb sl oS g plie e )3 (e Sl 031> (o)
(U.S. 55,8 o5 (5058 £l5)] Jdo s (e g o
o—> [Environmental Protection Agency, 2018)
LS5 sl gl ks quio b Jols pols adllas j3  SleMb
olg 5l @ie 93 9 )u lasaly jl gste ¥ Jols & cusl oad iy o5
SS9 a8 Laml el 5 el @l ican) S 5SS
WU s glabi ple Blbl lalasbo Jols a5 ws blsd
AERMARP L.g da oa¥T 28Ty 5 (iso p bglasle oyl




VTV -TUEY i V€0 ¥ s o biamsli Jocad 05 Lo cpinid 8593 cuumns§ o ol clalllae

cbale Slej nSilie g e 03l inled (Sl anuiy clale
Sl IS Bl o5 o) 2 3l5 o0 oo ©ygo 4 oaryY
oS Jlo & bgpe Sledbl ( Juad ya aalllas 1> .cawl o 51,1 W
gy 03,5 IS el V oy 5Sike > (So9 iz o250
Ok )90 42 0L (o8Il (priman ol 485118 aled 590
Ay 39 ) 9 485 Ji8 s )90 VYA Jlo 5 LS g (uad
o bl ity ) 5 el 005 Eony ol s b o 51,25
by &S il 0 Sb glen caaS glad luilinl b o 035 posd
O g dd pdisio YWD Jlo )0 Gy bae cbsles ol
Jlw » cailig Slaa olojls gow jl oads pMel 5lnkiwl sgus
oYl Sl o=l SU Glan o ylnilinl ol oaid duglie '+
Sagio y pySoSee Voo sk N Glojojl )3 ()5 S
V sbej sl o3l )3 5,555 1T (3 VT (gl cyrizmod g Can
03 Cyaand .))‘.\;L._m‘ ‘u_aulw @LP uLo)lm PM'C‘ O»Lu‘).: A3k
A aelo YF g aielo ) Slaej ojb )3 (595 denST 0¥ (6l
Bl R e AL AR
wlej ojb 133,555 0T (65 (gl ot 48,5 Jaiyy sl sl
Oleilw)cuwl 60 pusd coSosio p p)SeSue Frjlide aicls VF

(WHO, 2021 Y28 s j Lo cblis

ailaio WIS ¢4SJ

a1 WA Jlo (0l oo ojles JS6 millas iso oyl jo
Slas UKol @llas .l o 03l ) )3 inled 590 (JLuad &g
(WRPLOT 531 p 5 <SS & dilaio owlislon (laodls Jilow
oSl cle a8 i8S aod s g e Cul 034 TVIEW)
odb 0dnjg 0yf g — 3y Jleud ilbre Cu 93 3 3L (b
Gblis o Laoain¥l (o5 1y (s LB 51 268l o el
DS (oo (nio g (sunex oS yie

| B - -
:
Olie b
5" g
= i
o -

Y0 Jlo 3 had & yge0 & anllne 590 dilaie SSLIS £ JS5

5 (L . .
’lf &= R Jsb | 2
GBI e | sl |
(cm) (m)

\..\3‘9
Yoo WE O¥IYOA-YE | YSIAYAD-D

S

Y»‘g
Yoo W OYIYOAMEY | YS/AYAOVY

S

Y‘»‘g
Yoo W OYIYOA-VY | YEIAYASSS

S

i..\é‘g
Yoo WE O¥IYOAS -+ | YEIAFAVAA

S

Y g
¥ vy O¥IYOVMA- | YEIARYYY. S one

oSy

Y e
¥ vy OYIYOVSYA | YEIATYAYE | S

oSy

4 (SO2 NOx CO2 ) iS5 555 slaosu ¥ Clasuie

hab oo & (S 5 S 5 )b slassly sl (28 o> ol e
5 slaiges ¥ ojlass Sz 53 0 (55l oz adlllas 350 (sl Sl >
ol 0 S V¥ Lo il (gl Sl )

adlan 3,90 Jgad I (SG 30 (g5 15 Olasin £ Joas

17T plst)
e sl | &
st | st |l | | s | s »
SO, NO CO, ©) .
@rls) | @ris) | (aris) o
;5 Vsl
FAIV. | QVAY/SAS | VEY .
b s
Yasly
WYY | VA-S | BASVIEEA | V¥ Sgile
B
55 Yasly
a-/aY | AVES/V-D | VF- .
b plc
Yasly
WESE | VUPE | AVYAIY oy Sgile s S
5 » yran
YEE | YN | VEWEYA | vy ’ >
b Vaslg
5
YRV | YYaslvA | e ’ e
ol Yasly

Ol Sl g (eanlo S5 5 Sglo Brume glis 4 g ol 5
.39.\»50 Aob); d)lf dl.boMYi wfl)) 9 .AJ9) P

=W -y
0Sile 4w ) (555 ot VT jLinl (giluand pols img}
(Slej o yb (gl i pbl Liad g aislo VY ielo) Sl
Olgis & b 0158 bl )3 caddllas 3y90 (slaosty VT diui laie

S50




TTV-TEY ao VLY Ju c‘)MU Jwaﬁ (@93 D)lo.w ot 0493 (e § hﬁm '091.9 Sldlhe

Sha o b sl 1, 555 (Sl glize VWD Lo sy
hb WA Jlow s s bis) Juad jd ol aily )50
Jlo 33 005 03] (33055 (50 & S 65Vl (Sogl aity e
iy 45 Wb lad g0 ol g Gl Jawd bl o VYAY
3 i 4S5 el ous o b o 3 NOx o ¥VT clale 4 L]
2 ol 039 (Mol s g (o sladlilinl b auolds >yl pngd
=051 3 5 Jead 90 4 SO 01T JLaml lje gin i
pe e gl Juad 0 @l pl 0D oy e Sloj sl
g ety & 4 52l jlie b B slassly ) jle Bpae

15 JS) el o1 ik o] 5

[z

kad (8Nle 53 SO2 83T 04l (s il o0 1SS
S o 32 255 95500 s 2

SS9 Ay litanoj Juad > & 0)las S (sllaged ol
WAY Jlo jl s paes JoB job an WWAD Jlo liwej po
e Jhad 53 SO2 ou VT cuslil g il ol oad 035 (pyess
il ol 0357 Jpa b 1 53 0 2 allas 390 (5l Jo
odnlin LB & IS 0 cse sy g e oligS la 1, SKibo ) 4,
o> & 01V Cpl odd 03 pmess ke diuiy i .l
Sload s 5)lulinl jlore do b dunlie ;3 VYA Jlo liws 5o
aoldl po ol a8y 518 jhaw ) baore cBlas lojle (gom
9 NOx 00 ¥1 g5 ,Lisl (gl 43,5 &g (5jlodnd slo 29>
Jli Obsssl .l odal > poai 4 A g ¥ o)l sla s ;5 SO2
il 1y (Sogdl e s & ol b (slise 3155 3590
15 NO s VT )Ll (gl ¥ oylos JS5 b sallas .o
BIYD o YAIYY « YYA Y i jlaie VYO8 Jlw jlgy Jab
shab g sl VY el ) Gloj sloojly 3 caStoyio 2 055,500
o sl ylnilinl e s e b odlael ol duslis Lm0 lis
53] o o8 nar 3blin (351 s o yme 5 Sy el 5
Gl Jie o9 A5 algs wilas S LE  Sagll oYL clbale
FUV/VD cclale aniy jlde VWAA Jlo oliaols ;5 NOx ous Yl
3 YLy o Adlygn szl S (oloj o3k > colojin 2 55,50
L (5ol 5505 0l (o ST (slsn (sl 00 s 5,5kl s>
3j9 ddbais g 9 (Byd g Clel)l 4l 3 Vb sl

S50V

had STyl glls adllas 5550 (sla Jls JME 45 5L (b9 (56X
2oL e el Hlay Jad 10 a5 s Wdgy ddlaio OIS
g9 Gl 0459 By Jlawd 5 3y Cuows 4y cdelllas D90 ddlais
0,8 ;0 sadgs slmor oY1 jLissl sl ddlaio 5 b Caouw 4 3L
@ (Brd Jlod slasl (izman 2980 Al 0 j> i g (ol
cle bl Joad )l ord oo by (g9, p (ST aldss
039z ol 50 sl 039y g ISy Cuows & cddlaie jd 0L ybig
Slelis)l g (aliwg) 9 SR8 (F95me Bblio 2l slo ()
2 ol Jad o 0 Jlod gladl pioren Slodds @ZBly adlaie
LS Guls Jad )3 5lS )y Silosds sdalie (o5UIS (55l
ng)—’ ] 039 u_>).c L9 Chow .)L L)")? ;,JLC 4 dg Ui
239330 (pl 3 (oliwg) g (G0 (FgSma Bblie ((2l)) sl (e
Cad a3 )33 o Crow (b Jladd b sl an g LB
sl o SITL aliin liwe) Joad p dilais SLE .ol odpw)
alllae 3y50 sl Jlo (gladllS 8,5 lai 1o b i o g odaliie
oS58 535 slmoan Wl (ST g iy 4 58 b i
Slgie adlaio (65)0liS 5 (mex Bblio 4 (osle kD 5y
oacd aiblsy b3 (ela it ) Mo cov pl 45 aled 3,1y cawl

O NOx 9 SOz (gowiu¥T WiiSTy o (st (55w dad
AEMOD

sladlo b (daad ©)eo 4 Jae (295 @l i opl
5 NOx (claoa¥l cdale ani Tl owl oas &1)) adlllae 3,40
wislo ) Sloj slaopSibe slp Jio bawgs 0ad 03) owess SO2
5 0 ayless S5 3 cpubol gl 1 i dpolona Lus 5 azel Y
Jls Joad 13 NOx oas¥T (¢l o 03) opmesss clale aiuiin
ool 015 1) adllao 350 (sl

had (il 3 NOx oW1 ol ptd diibint (3150 .0 JSWS
o o 1 059550 s 2

2 ojles IS 0 :Klee HLissl e 4loge0 4y dngi b
clale an g OI)'_,,A YWaA Jl_w OL’.’_M..gU ‘Ol.’:_w.gl.'i J9_.a$
3w Sl ojl 5o ol il b s plo 4 cuws g5V



TTV-TEY ao VLY Ju “_,lxm.ol.? Jwaﬁ (@93 D)lo.w ot 0493 (e § b.g?u p}l& Sldlhe

Sl oS & ojlos JSi 1> SO2 ou VT STy, @ asg
9 ot A Gl olS g8 (o9 dd 3 (pliwg 3ble Jolid
Bble ool jl ey JB Lise & o)) oo Jols orizeen
Ol 3 el Y Sloj ke 50 a8l (oo cunl 0ald S5 1
48 2l (o uSajio p )5S0 VWWH/VF 00D 03] (e Ay
ol 48,8 )18 codlig olas lojluw o luliwl a5l 5YL
L (Sl Jlu 2 0l o (Sagll (251 5 iy cazr sl
Sgile g | i olizul 9 SO2 (YU jlisil l5ee 4 dogs
alox il dilaie 5l amwg 05wS By slassly ) ek B 4 Cous
adl g o505 (o35 3 baliug oixed g sl (2 sl (e
(292 Crond Cuow 4 dalllas Dyg 0 ddlais 8l Fae0 cile o
A By e ddhale By b o g g Lisy ) dabie wlely)
il Juo Gkl 5,50 )3 sl 035 e 9 <5 sl e
395 Lot oy IS oge 4 g cailaio SIS oSUI L o0
oo SO2 oa ¥ 281, g iso callae ol Sloj oL 45 o
3y (35 e 9 w3 SS9 4l )18 adlate ol oS0 3G
G ot G Sl s g 3 01 ¥T ol bl 5

Cawl 03,8

COz Uil (a0 (o) 52

Ll ) slive o o 295 5 (Sl @lioo 3 (S AT 03
b Ll g W (Bpae g pluly il g 63)Sles
bly b 48 0l o ) b cdgw 3l CO2 Wy ol
b glacdgw A dalgs SISl i Ay el Jo5 gl
bulyd 3395 obend S5 )3 39290 ()8 Olie 4 4295 L
D ojlat Jodo S (o i |y 5 ol jl (Soliie jlade (45 g
PS5 ey 005 plosl (65505l 3 1) ()8 ST (63 jltil e
Joda oliel dyang b IS 5o 4y ol oas o0y inles 4l »
CO2 juiy e Hlissl sols 30l 5 bl slo uad 13 0 oylod
Jeln Jad )3 Ll diie (i et ;503 Juad 93 4 S
» CO2 il lsse ol 0391 a5l p)5 YA-AY Slude L VYA
WAD Jlo e &S el o] 51 (Sl adllao 3y50 sl Jlo Jlge S
2 azdl cowl arah (500 sl 4 caws 1) Hlil e o i
2 5 anly 90 cldld i ob g )b slassly plad (g Hlie
35 Ll gl & S 5V il ol o 5 S o0
1 elaasly jl oalass o aSiyl & da g b sl b 55 .o
Ol Gl 00 Bpan Ggjle WWAA Ll 5 VWA liwnl 4o
Sy Sloj ojl 3 a3l 0 IYAD Jlo ol 5 5YLCO2 Ll
5 3l b 53 )50 cloasly 53 Sgils Gpao v 2 b o
Jbo aw 2 5358 cpl )Ll o g (56 (slojbigy culld (pioeon
2wl AL ;K00 Jauad 4y Comd (sl 8l o859 adllas )50
s pas g (658 ladsly e e jd pae cde @ 50 liwe;
Jlis] Jals 48,5 )90 lags pSojll 3 )bu sbaasly Sl (S
O ISP Y WEPYCI

sEOv

Uil 3 5 Cusl aB)S 1,8 S g jedee slapeed 4 Spdie adlllas
il oo Pidaw Slastie il cov g dilaie sLIS oS L
Ore3S bl dinte caSote  p )5 5)See TIVY e (rieen
ady 51,3 WHO 5 jlulin] ao jaS il o Juad opl 53 0k 03
32 Jad 13 NOx oun VT cuilil 5 e 5l Jse n i ol
Al e SV Oy Cgin 4 50 Jled HLi) )Sly YFAD JLo
Shoi o3 o Logas adlate L sLIS Ly sllail o oS )
W 55 caSoyio y p)Se,Sue BOFIYY dae 0y o pui & Dol
0wy Cof & dielo V Sloj uSlee jo clale alin oliee leie
Sy o (o la clale plo 4 o |y ke o iy o8 ol
b s (53901 (cVb l5me oaimd L5 g ol azily NOx oVl
Jead > NOy ooV STy (655 il o o Jub ol
Loy ol ddlaie 3LIS (6oL Gillae AYAD Jlo ybie;
@ i Slie oan V1 ol cuslil g cldale oy i 5l o8gps o9
st > S S5 5 3355 s g, Sblin 3 g0
Cbale jodn patiny Gl ged )3 jyedly 9 LBy (pizen g 1SS
i 4 NOx 0¥ SeolisS joas canl dgaiie (S39)] YL
0392 pYb Lo 5)lkl jlre s jl caSoyio p p S 9,50 FIF/YY
o=l 38U cood syt pnS blie ad pl o Cpiores (sl
o A oylacs JS5 )3 xlad S )15 Jguad plo b duolie )5 oanYl
3 slassly o8 I (gl SO2 0¥l 4y bgsyo clo 29 5
0s S poal dy Alod S eolaiiwl (8 pae Cgw (lgis 4 Cgile
uk_m.:l.: » J.Lo L$'>9)> l; ‘_yUGA A b)[o.a.f} JS.M) u»lm‘): Ll 045
aibio Cyin b 50 Jlod 5l Sogll JiSTy 5 Liso YA Lo
Al a8 conl dgpaiie e sy Sloj 05l > ogad 4 dslllas 350
oa ¥ Ll 0556 ¢ Juad Cpl (gly osds 48§ S5 dollS @ as g
aielw V Sloj ojLs ,d ol 0391 (i B adkaio 3 SO2
035 xSoyio p p,S9,Swe DVF/FA 00 03] (e Al () ue
Yeo) oa¥W ol (el (o dliliwl as L dulie > a5
Y olej ol 5 mpa > (625 Aol (con ooy p 530
JB A ad G e ceSeyio 1 p)S9)See YYITY e aieles
(e 5ot 55,50 ¥+) sl ol St 5 Jp
3 S GVl e SlS o293 4 a2 L sl o ullage
o dng bl sdalin 0B sl U Greoliss Sl ojl
2 el S Glajoil sl oad (gil aned clle gl i
Y lej 5le 53 0sds cpo clale diuiy liee IYAD Jle ol
J_Jlﬁ )9_|o LY Plgpom| b)}g ua.vs.a)m » P)fﬁ)g"“ \V\Q/QY aclw
g Cuol a8y 5108 00 o Lo D jlibisl ds b dslis 3 4oy
VE o 65lie 53 ol ailiS 50 adlaio 5| ey 0535
Ao 5l gYL a8 YY/FS Al 0045 03] (pedd Hldde 3 aiskw
oa ¥ iy (SuSly g ooy caddS b aisb o WHO )1kl
i STy Sl Jde (2 Sde dil Sloj sl il o s
33 el 039 dalllan 3y50 dihaio )E Lgin o 4 (Sl
Yo¥VVA (Jae bawgs odd Cpos cdale didn YYAQ Jlo liue
i |y (o9 line (VL & il 0392 CaSagio 2 59,5
L el azty 518 Gy e cblas ylojlw lowgs o (e



TV -TLY aoxto V€Y Jlw cdmu Jad ‘®9d b)lo.w G 849 (s AZC N '5915 Ollae

had Sl ol

aelw ¥ Sbjojl

welw Y b 0jb

WA o sl

Gobgle farth

5399 &g (5115 s Juad )3 AERMOD Jue ;3 NOX (g5l a1 Jools gl Y JSUS

WA o ks

WA Lo liuse;

£50F

Goldgle Eartn




TV -TLY aoxto V€Y Jlw cdmu Jad ‘®9d b)lo.w G 849 (s AZC N '9915 Ollae

had Sl o5l

aslw Y8 SbjojL

aslw ) Slojojl

WA Jlo s

WA Lo lise;

& . ; ‘
538l dinaiy 51,15 5l Juad ;3 AERMOD Juto 15 SO2 (55l duads 1 Jols ool A JSoi5

"10# Earth %\' ”

(@r/s) Jsie sl JUo 43 w2 3590 S Juad olos ;5 CO2 Uil a0 31,1 .0 Joi

Ol |yl | b | el | el | bl | ke | gl | el | bl | ke
IYAA | IYAA | YAV | YAy | YT | IYAT | AT | e | YY4e | YYde | Y0
YVEAVR | WAYAA | YSE-X/Y | YALQY | YYYO/Y | YOVAY/Y | WYAYS/A [ NOYYVY | VARS/a | YAYAY/S | Yevav/a
3 o kS o g glisyl o1y 9 5 Lo 5 wle 20l S5 4o -8
an pillygr) am3 oo a1 by> g Sl (550 VB+ g (e aw Sy g iRy 33 o) (1555095 9 3L 1 owyp
3y90 acdlale (B gns ay angi b ggamme 3 (MWW syl wosuyi

O S @l S 53 odd (Byme SLIS (6581 5 adlas
-G8 JYo s e )3 (Sl 1Sy )3 o 8.5 o
Bblio (213 3929 (6325 (e Ca sl 5SS S
Fahis (ol (umen 15155 5 0391 (o) p 039000 I )1
b g i i aie SO gt 4055 L) S0 (s
3t s ¥l g5 o GV 5> (Jub (18 (5 yhuned] slmosiy Y]
Uiy g LS e  (Waldichuk, 2017) w5 -
P pogad d a2y b 3l Gl (Sl 08 5 laoanY]

S5O0

2 Sl adlle 5)90 dibaie (S 9057 9 (o) Ll 5 55
o1 ¥1 S 5 115y )3 (s B b (e e slodly
25155 e csloeslganls 5 lads dmogS s cywej lelisy] 5o o
> 9 o=l 9 Bl (e (rlaw SBlaol (98 S5 sl
o oLl glaY Slacl Y el 50 3k (9 5 I abml>
= lisce Jolse 03y o 536 (e g S8l 31 o5 2L
5 Led by ey ai il (o 50 Yl e Cules
£l il 331 b S18kanl Y casles - ymo) ebans (slos gl




TTV-TEY o VLY Ju “_,lxm.ol.? Jwaﬁ (@93 D)lo.w ot LT LTS TS b.g?u p}l& Oldlhe

Ol 5 Lpdl 00 005 (puedd digidiny (50 disle V Sloj
o ksl 350 5| 515 caxnyio )59 See YAV/YD ATAA
asllles 3y50 sla Jlw plos p diclo Y Sboj (:Ske g 024
2259550 Y0 oljee LWHO (g5 jl 00 (penss o 51 5V
lnscsly By e (5 S 3y b ) ol 45 5 o
@ Camd (Bpan Chgw Glaie & Ogjle e Siljl oaind i
Sy90 Jlaw dw 10 o655 ojluil 4 an g b 5 Cawl 039y (b 55
Sl 03,8 oolitul il Ciguw I Juad () jo bassly Lo dalllas
JLd j5u asly daw jlasly 93 VY20 Jlo 5ol 4o a5 ek 4
slansly 5158 5L zol 53 g 039 Cgile (L (S0 g
ygmo Gl =S ol 4 dr g LAY Jlo sl 0 (rioren
pled g Cusl 039 Sgile sl daly Yoz o (Spas Ch g b S
Y Gpas coles ;o .l awsly j1,8 (4L dewd) doyd B+ Hb jd lassly
L g gjlo o 3l 50 WAY Jlu 500 0 )lsuy Jbd aslg
o=l 920,595 w60 jlil (il G o> B0 Lol
e 4 g bwlol Ll geg LB b 4l Jpad
cdale a b dielw Y Sloj (:ke j Juad opl > e gla
L ggoome p3) alllas 3)90 (sl JLow plad )3 0 035 (oS
s 31 1 (et s py S5, IO (o
V¥ Sloj 0L 53 cpoman Sl 039 04 (poss (Lo (sl il
Shae glejlw (sl oad s )bl s 1 5V
apang bcwl a8 S L8 (caSeyie  p)59)See Fe) cudlige
oSl > 55 NOx 0ai¥T (gl 00 (s slocdale aiiy
e 3,5kl 350 51 51,8 WYAD Sl o S atele V Sloj
Jlw e )0 5 dielw YF Sl 1Sle 53 9 Cowl 034y 005
8 i Gl plojl )bl 5l VL clle ai ol
Jlw 3 i Juad ) o plool (glo cwyp 53 Canl il
ds) s seo 3 B A5 plesly b 85 5y slassls plos YAV
Jlo o aslydw jlasly G i 4 VWA Jlo 5o cpicred g (4L
3l 13l ol 5 g Wled,S ealiul Cgjle g il
g o0 902 00 5L (53,55 b L] coge Candg ol
wels V Jloj ks 13 o 390 o 31 (S Jo ol 255
00y 35l 51 VL s 005 03] (ppe58 clalé Aty
Oslee )3 Geizmed 9 Cunl 0392 WWAD Lo (lisej sl 039
oy 40 IYAY TR0 Jlugd ;SO clalé aiclo V¥ l;
£ ) WHO 5,5kl oo 5 48 a0l 030 YAIVY g VF-/\5
Ol 4 Olgice ggeome 3 il 038 ol (cuSteyio )59,
9 42ly S Ll Ggile Co g Bpan (> 4 ) 4
T esady 5 coliocly bS Jude 5 cogw i s
oy glad )l Sl ol g (laxe (slop CusS p ires
2 b clwlio b glwles ko cplcdb wwls o o)
2 oS 85 Gl plo g Soile c g )l (b BT 3,00
Shaikh a¥as (L)) 1oib o Gp Mg )l claisly
(Yasin and Al-Awadhi, 2011 «t al., 2018
93 (Srae Sy 485 Ojg0 s pSojlul pled )3 ieen
Sl s Sloj o3l p3 &S Canl 039 (o B S 558 5l
Jad 3 egad 4 LS jLis el cle 4y addllae 5)50 sl

s508

Opgmo dey (Sl pans 558 el ) Gloj slopySibe
adlae oS gy (- slapise (S35 0 e o2 Slp
(2% adlais uLCLD))‘ Loy » 9 L&"Lw’5) 9 6).9(\» éJoLm LY d)w.n
delge 5l (S0 a5lg oo e g aogS siile adipo (slagye; Conl
oS by b loguas Llps cpl il (S3g)] menes oauSy s
Wil Lol claasaly (comw 4 sVl 281, 5 Lisu cas
Sl (Sle iibon (e (aw (5)l3e (] g s
e (Zhang et al., 2019) wun oa ¥l 551,
OM3 | cadbaio B, 5 g oo Sog)l xeos 50 Jele
A G By g bl a0 4 (ol 4l opl gl
ao g L)l (58 iyl ooy 390 dllaie (0 Gt
L)) L bl y> Laod W1 aasss 5 oo cslp & ks
Vol (3y5 s (2l 3 (Sogl Catlel o> s5giaS
Caud 089y b (Byb g Oleldsy) yiaS Colue anll il oo
o=l AL ) s Cuews D B)les (pl b alold &

B Juad SSE 4 pola g0 4 gl (o) 2
ale Jsolge b cadlate (BS99 5 (e Cluogad LS 5
Foe (Soedl (Bl g iy 3 Wl wlidlen Sluogad
o s ()55 g SUS (5S  Glisee Jpob st
il g 3y il Jyad 3 (LS Cogw g g oy
@l gy w30 )18 U Cod wad wl) 55 slaoan Yl
slossly ol B pas 4 425 b o canl o 51 (S g Juad
b Ll e oan VT (Lol cogw Glaie 4 anb 5 51 by
9 325 Jlaww L3393 sla 29y > SO2 00T 5 039 NOx
welw ) Gloj 0n50lee 53 )loy Juad )3 ol (g il 6
51 =18 A 5 A8 gl Jlw s NOx ¢l (Sogll jasli
9 Gy by cblis lojluws 5l oad s 3 luilinl 250>
e icln YF Sloj Sl ) pomen Cal 03 WHO
sbadbo 3 oaa¥Vl ol (gl o (e Clale didy (1SSl
)bl (5 S 1o 2 )5 9,50 A 390 (y 2 390
) 518 (oo p)59)See Y0) culline Sl olojle
CO (Lo oY1 Ll e VFY Jlo s clanllas 55 o
A S|l s ) ot dy90 solXiw! 13 NO2 4 SO2
o—en (Badamfirooz et al. 2022) sz )15 5l
33 pLond Sladcl ane 5 6y2d Golin > (i el
A 0ylbiwl o 51 YL (0,8 S si0 (58 0a YT STy
L bl Joab ,> (Shamsaie et al. 2021) o, o
90 WYWAF Jlw > 45 0 sdalin isly Cogw Bpas awyp
Ggile Cogw jlHbu dnly G g 55 WAA Jlo 0 5 4w sy
ok SO2 sVl (6l oo slazgys sl o oolizal
oau VT )Ll wwd g lgie 4 Sgile Bpan b canl ol sdimd
3 Jlie plgie an ol 4l il B8l gl dxe yeb 4 SO2
Cogw laie 4 Cgile &5 Sl o aeln V Sloj 1Khe
04y o 3l e b e Al e sl 04 (8 puao
VIPY VOV g & yshe slo Sl )3 Lo elolojls Loy
oSilse > NOx oa W1 (s e sl 039y ity il



TTV-TEY o VLY Ju “_,lxm.ol.? Jwaﬁ (@93 D)lo.w ot LT LTS TS b.g?u p}l& Oldlhe

TE 5 pls clale e il 4l ol jon 4 Wil o jo oM
SUskas bl (oM sl Slgi oo baes 55 (nSassT (63
2 hd glacd g Byas (WA (Sbjalb)uil pae g
Llod jl o ()l Sl 0)55 €d ogas 4 )10 gl
5 sl s e (IS U B Sl oo g oo Cans
9 e sladnie dassly s (53)68 4 )3 Sllee
Apls olyan a1y Gloasl) (Bl (pioren 5 e (5)leS
2S5 sladsly 0 pS ST (00 Wy p b aw cush
Cdgs 13 oS (s e 5 €95 Jold oS el 35,30
g Cod med 9 (5 A gladsly Lol ¢ a0
ool S S lien Ll olise AL (o lpa] Pl g
G (P92 p31)5 & dagi b g ABl oo pite (S g £y
Olie b B L awaliio )3 wgjle Chgw )3 (ig)d 4 (S
hSad 5 (sloss) 1o SilsEl o Cipumo P 5 o L]
O WY L 50l s €)1 0 Jods 3 a5 jobuilen (VYA
Loy, masges j3 aS ol anily |y CO2 Jlisil ylsee op )
Cégw 00 (655 03] Jled nly duw ¢ Juad cpl 5> o plodl
e g dw > slassly Jolis &S cuwl 009y gile o\l (8 e
95 (i Sllly )58 (11 desd) Jop3 B4 by g il e
o=l Mg a3 (S 5 S 22y 13 (658 e 2ol
eV s oS 5 Sams cslaisly azdl ol azls i 012,V
sl CO2 )l liee (8 5 (SoySl 35l o
g ©gile Gamdgal U 0oyl (WM (oS 5 (5 )La)
Olg=is d LaolS g sl )50 Cgjle (sl (colie pjl>
e LaylSaly ol L gy ol S 5 adl 0,57 )1, g
St @l lgi e 093 B ogboye (1) 3,555 s
Ol lgime Sgjlo gmdgel gl Cgur 5> sk ansly (g3l S
omadgal 565, Shae ol 70+ b oy o] 55t sl 005 o3lizl
el 48 3,5 o 3l plin g S,D 358 o300l ely
oAb e b Ml oree ol o algs il LB e (]33l
s adge 3 &l 5150 eud (gmedgel Co g 93 T )b
A 0)30,3 s ol il S 3Ll by e g 53] o 361
Fes Yl JLd o 2o )3 9 3980 Cogw ljlad SLSU
B b g (Bgw 0 (lje (B & Jols Chgw @)
los LialS el ol ol 05 anlss o)l oIS gl 5 Y
Lol )3 5990 (sloosiy VT i (ysmolinusT g SLLoT alad
o1l talS el (aags JB b 4 &S Lb anls 25
5 oS 5 351 ) ol s Ay SOy yeizan § NOx
51y 0d ¥ 93 ol 5 2Vl deoyd Wl e 005 &) (sla lSal,
e S )l pialS el g S Blo 15393 (29,5 56
(Kouravand and s»,5 Laes ¥l 51 s blie 5

(Kermani, 2018

24\

£5 Jsead 55 Lol Cosl 0385 Jub WWAY 5 1YAD (glo Jls s
Sl azals 2 CO2 ezl s NOx osip¥T 8Jgs 15 5 Jlsb Jlo

by 41l g (S (575 Aol
YL glackals & <8l ply (o0 0ad ploxl adllas (o) L
3 a8ly olels)) ogin claaialy jo 5> baslusbusl I 51,8 Sogll
Sl pd d Byie aallan 3)90 adbate Cgi> 9 (Bp5 Cg>
s Ul e 01 2log) (53] il o Bly 15 4 ppi
ool 0sbole S o 555 sblio g by ol 10 4 ol sl
o5 e ) gl M 2 6Bl ol 8T 5 AL
5 LB (K Jise lp Nl e clelis,] aely ;> (o)l
L g el ol bl ol & (gl ol 585 b lalS
UiSu )38 e e Sl bl ady 5 ey caddS L ol yesl
Sl 03 oanlie (591 aiiy cdale 55 o] o a5 (6,50
L 3 5l o9 Caod )3 oS8 4 oo Slbl sladilais
o Sl (aliwg) 9 (65ygliS S b (2baime; Jols oS woye
sbowl cel o g Wpdy oo b (Sogll caslil 51l a8 sl
SipgliS Y gammey (NS JIL e (ali 0y 3 St
.(Lal ,2016 ; Bhushan, 2018) . s s als sblis ol
P ojagdn 35 Hlid cdl des I ol lulyd o dwled elwly
g ol laisly > e g Brae (Jlo 2y Joad
o ol img il odel Cands ol cuns 5L o gl
390 ddlaie )d dindn slaclale | uf,\;%\ﬂ Moy aS cdl s oy
= i b LS p gl Cogw Bpae oS Sloj adllas
45 Oyao Olalllas > Slialie s el Aad 0 Fy )5
Med ay (s Ch g 35 93 b (> slaolSgys dgee 3
4y b wien (Shaikh et al., 2018) colons )5
sasly 13wl s gw glgl G pns (S0 wlis)lS S a
ms> sl il 8l sy Wlgi e 3 slelS )b
(HSen 5 655 VAR (LS g (5)1j) 398 3,555 4]
an by b slaasly 3 Cgjle g Srae ple cul 51 (VTAA
rolis (9 1l zman o o] 53 29290 sloalBl i (Y5
JB Sygo an ]y (ame s (o Sagll 0,555 5 (St
5 )lj) i dalss 65k by Sl g aed e Gl ey
2 Fimel g dly (e comabior cplpl (TR o, Sen
o1 YT )Ll e il 3l 5B 00,8 iy gl Bppan ialS
St ) Dy Clablore ddlais )3 Ggjlo Cogw jl b gla
Jol el )8 wyp 1) JBaly 99 Canlio Bia cpl 4 )
oYL )50 g culie (b pde b Ogjle Chgw Bpas ialS
g jl s pope Caldy g )b slaasly )3 oolital 5,50 Cigle
OB S denS 1D Bl bl sl 2,55 Mo yd b gjle
&0l e awjl 020B3k jo B gdle sloandl Ll 5> (oge
SIS o] (505 E J) Sl g 08 s slod ol
s Oyl b e (0 5LS ol do 5l i clale uisen conl



TTV-TEY ascdio VLY JLM# cuMU Jwaﬁ (@93 D)lo.w ‘M 29 cc.«w.a.l) b.g?u '091$ Ol e

&bo

9 B8 UW a3l 95R) d.ol.s).s )..3.) LS))JI 9 082 )}c‘ WQLLA AR JL..) d))’l c\pl.s)l).v (\Y‘ﬂA) ‘J z@Lﬁ )JLo H3 ;b.)l)' &l ‘B cw]
855

ool )8 asl 5LL) Armod Juo jl sslizul b oglS oS 5 JSew oBgps slor  (sla oa¥T L2S, (gjludie (IYAR) & ¢ Sl
sl wolie 0800y (o loue LYl B tais oKy ()]

1955 ) Bu by (clayioll o] Sl g Gyl g aVlo Gas Juloi 5 (awyp (WYAY) o & Sl 1S 0dlj L p sl o
Il G551 a5 0t ol 95 5y Sl gy (LIS (ati (B M5 b )b g ()0 oyt s cplonly o 0a YT L)
Ol el

https://iertums.ac.ir 1, SU lgn (claslsbiwl (VWA8) doa  Sooll clisiog 35 pomcun; oo 018uimg

P g e S 3 objgal (S0 4dby g Siag olejle dpgd D) (g 4idy) (panass (B Gl (VYRA) B (sl t campillgy
adle) WRF/CALPUFF iS5 Jse 5l oolil b (59l Jlade (peso g loa (slaToan¥T (2iSTy gildas (MYAF) o o obows)
sl A oSl ()] awlid )8 Aol L) (g koo Sugas 089 5 1609

)lf w?m )‘ ol u)Lo) élol.a.o Jel ‘-5)) ..\4.]9) blfs)u U'>9)> L_SL&: b.&.«;y’l clale Mlﬂﬁ 9 )N (\Y’ﬂﬂ) @ ‘@B’Uo f) cu.J‘))m ‘C “_;C)I)
VOOV o (F)D i Lazes pole Clllas «gilo o

CeoMw )Ja> ‘_s.»b))‘ 9 L)‘“gl)" b}?d d)LMJ.Lo (\\“‘\A) I so.)l)' u)l.)s.w 4 ‘Uil)i C.LAA ff ‘b.)‘)' &5{ fc so.)l)' rv...la_c fu» ;uj?): u.:b:»)
b aclinlogdy ALIMOM Juo 5l oaliiwl b ;53,) i s Sl 5 (3 molio 1 (S slo (28390 51 adly Ll PM10 b agslgo

XIVETY o (O o
Il Ot (s sl B 8 5 I8 e 8 5 oMy S aeST 63 5 Sl (¥RY) g oS jals -

Cogw caTog, 5l a5 ] j) Jols slaflS JLasl 15816 Cpuens (WAA) o eptii 55¥5 o et gl oSO lpgs fm sy -

Yo-v5 ‘(Y)\Y olpl g5 s o Jlows Lg‘.i:).o] sl yeis' L OT duwldo g youiS  Lowd
http:/Inpgm.ir/about .ol5g,s 5yme 1S5 Lok 2t o8 gps -

Badamfirooz, J., Rahmati, A.R., Daneshpajooh, N., Mousazadeh, R. and Mirzaei, R., (2022).
Investigating the impact of existing and under construction industries on the air quality of Arak
City using ADMS model.Environmental Sciences. 20(1): 21-40.

Bhushan, a. (2018). Impact of air pollution on vegetable crops. Open Access Journal of Science,
2(6), 367-368.

Cimorelli, AJ., Perry, S.G., Venkatram, A,. Weil, J.C., Paine, R.J., Wilson, R.B., Lee, R.F,,
Peters, W.D., Brode, R.W. (2005). AERMOD: A dispersion model for industrial source
apllications part I: general model formulation and boundary layer characterization. Journal of
Applied meteorological and Climatology, 44(5), 682-693.

Dahiya, S., & Myllyvirta, L. (2019). Global SO2 emission hotspot database, Ranking the world’s
worst sources of SO2 pollution. Greenpeace Environment Trust.

Dally, A.,& Zannetti, P. (2007). Air Pollution Modeling- An Overview. In Zannetti, P. AL-Ajimi,
D. AL-Rashed, S(Eds.), Ambient Air Pollution (pp. 15-28). The EnvironComp Institute, Fremont,
CA(USA

Habib, M.A., Elshafei, M., Dajani, M. Influence of combustion parameters on NOx production in
an industrial boiler. Computers & Fluids, 37, 12-23.

Kouravand, S., & Kermani A.M. (2018). Clean power production by simultaneous reduction of
Nox and Sox contaminants using Mazut Nano-Emulsion and wet flue gas desulfurization. Journal
of Cleaner Production. 201. 229-235.

Lake Environmental Software, (2015). AERMET ViewTM Version 8.9.0.

Lal, n. (2016). Effects of Acid Rain on Plant Growth and Development. e-Journal of Science &
Technology, 11(5), 85-108.

Liu, L., Cheng, S.Y., Li, J.B., Huang, Y.F. (2007), Mitigating Environmental Pollution and
Impacts from Fossil Fuels: The Role of Alternative Fuels. Energy Sources, Part A: Recovery,
Utilization, and Environmental Effects, 29(12), 1069-1080.

Luechinger, S. (2014). Air pollution and infant mortality: a natural experiment from power plant
desulfurization. Journal of Health Economics, 37, 219-231.

550N



TTV-TEY ascdio VLY Jl.w cuMU J»‘d (@93 D)lo.w crg.:.w& 29 cc.«w....g) b.g?u '091$ Ol e

Lyons, T.J., & Scott, W.D. (1990). Principles of air pollution meteorology. Bellhaven Press,
London, UK.

McGranahan, G., & Murray, F. (2012). Air pollution and health in rapidly developing countries.
Earthscan Publications Ltd.

Moharreri, M.A., Arkian, F., Lari, K., Salehi, G.R. (2020). PM10 and CO dispersion modeling of
emissions from four thermal power plant in Mashhad, Iran. Scientia Iranica, 27(5), 2433-2442.
Russell, A., Holmes, H., Friberg, M. (2014). Use of air quality modeling results in health effects
research.in D. Steyn., & R. Mathur(Eds.), Air Pollution Modeling and its Application XXIII (pp.
1-7). Springer Proceedings in Complexity.

Shaikh, K., Imran, U., Shaikh, Sultan. (2018), Health risk assessment for emissions from
Jamshoro Thermal Power Staion using AERMOD dispersion model. Industrial Pollution Control,
34(2), 2142-2151.

Shamsaie, S., Ahmadi Nadoushan, M., & Jalalian, A. (2021). Spatiotemporal modeling of CO
pollutant in city of Isfahan using MODIS imagery and ANFIS and RF algorithms. Environmental
Sciences.

Srirattana, S., & Piaowan, K. (2020). SO2 Dispersion modeling emitted from Hongsa Coal-Fired
Power Plant transboundary to Nan Province, Thailand. Geographia Technica, 15(1), 102-111.
Stolfi, A., Fulk, F., Reponen, T. (2021). AERMOD modeling of ambient manganese for residents
living near a ferromanganese refinery in Marietta, OH, USA. Environmental Monitoring and
Assessment, 193(7), 1-16.

United States Environmental Protection Agency, (2021). Air quality —models,
https://www.epa.gov/scram/air-quality-models.

United States Environmental Protection Agency, (2020). EPAs 2019 Power Plant Emissions Data
Demonstrate Significant Progress, https://www.epa.gov/newsreleases/epas-2019-power-plant-
emissions-data-demonstrate-significant-progress.

United States Environmental Protection Agency, (2021). Sulfur Dioxide (SO2) Pollution,
https://www.epa.gov/SO2-pollution/sulfur-dioxide-basics.

United States Environmental Protection Agency, (2018). User’s Guid for the AERMOD Terrian
Preprocessor (AERMAP

United States Environmental Protection Agency, (2021). User’s Guide for the AERMOD
Meteorological Preprocessor (AERMET

Waldichuk, M. (2017). Air-Sea Exchange of Pollutants. In G. Kullenberg (Ed.), Pollutant transfer
and transport in the sea (pp. 42). CRC Press.

World Energy outlook, (2020). Executive summary, https://www.iea.org/reports/world-energy-
outlook-2021/executive-summary.

World Health Organization, (2021). Air quality and health. https://www.who.int/health-topics/air-
pollution.

World Health Organization, (2021). WHO Air Quality Guidelines,
https://www.c40knowledgehub.org/s/article/WHO-Air-Quality-Guidlines?Language=en_US.
Yang, W., & Omay, ST. (2009). Air pollutants, oxidative stress and human health. Mutation
Research/Genetic Toxicology and Environmental Mutagenesis, 674(1-2), 45-54.

Yassin, M. F., & Al-Awadhi, M. M. Impact of Sulfur Dioxide Emissions of Power Stations on
Ambient Air Quality. Environmental Engineering Science, 28(7), 469-475.

Zannetti, P. (2013). Air pollution modeling: theories, computational methods and available
software. Springer Science & Business Media.

Zhang, L., Guo, X., Zhao, T., Gong, S., Xu, X,, Li, Y., Luo, L., Gui, K., Wang, H., Zheng, Y.,
Yin, X. (2019). A modeling study of the terrain effects on haze pollution in the Sichuan Basin.
Atmospheric Environment, 196, 77-85.

Zou, B., Zhan, F.B., Wilson, J.G., Zeng, Yongnian. (2010). Performance of Aermod at different
time scales. Simulation Modellind Practice and Theory, 18(5), 612-623.

S50



TUTV-TLY aoxto V€Y Jlw cam‘s Jad ‘®9d b)lo.w G 849 (s AZC N '0915 Ollae

Dispersion modeling of NOx and SO: pollutions using AERMOD

model (Case study of Shahid Salimi power plant, Neka)

Hossein Ghorbani!, Ahmad Farhad Talebi'*
1- Faculty of New Sciences and Technologies, Semnan University, Semnan, Iran.
* Email Address: aftalebi@semnan.ac.ir

Introduction

Nowadays, non-stop population growth as well as development of industrial activities has led to
increasing the consumption of energy resources. Further energy production has caused air pollution
problems in many countries. Reduced air quality has a significant effect on human health and welfare.
Due to the increasing energy consumption in different communities, the pressure on excessive
consumption of conventional fossil fuels (e.g. coal, fuel oil and natural gas) has considerably
increased. The variety of industrial activities related to fossil fuels will emit large amounts of gaseous,
liquid and solid waste pollutants, which have many adverse effects and various consequences for the
environment. The behavior of gaseous pollutants once they are emitted into the atmosphere is
investigated in the topic of air pollution meteorology. In this topic, scientists are trying to analyze and
monitor the air pollution in the atmospheric boundary layer of communities and study the effects of
pollutants using computational approaches and machine learning algorithms. Atmospheric modeling
is used by air quality managers to make decisions on effective and efficient ways to implement the
National Ambient Air Quality Standards (NAAQS). Such monitoring and prection approaches might
lead to improve air quality. AERMOD model is a a state-of-the-art dispersion model for regulatory
applications, modeling short range (up to 50 km) dispersion from a variety of polluting sources (e.g.
point, area, and volume sources) using a number of model configurations which include different sets
of urban or rural dispersion coefficients as well as simple and complex topography. Air pollution
modeling is too important in monitoring of the concentrations of pollutants produced by the power
plant. It also could be useful to control pollution and meet the air quality regulations. This study aims
to assess the environmental impact of Shahid Salimi thermal power plant, located in the north of Iran,
Neka. The effect of two types of fuel consumption on emission and distribution of NOx and SO,
pollutants has been studied. Finally, suggestions to reduce the pollution emission have been presented.

Methodology

Shahid Salimi power plant is a complex with high electricity power generation with a nominal
capacity of 2214 MW. Shahid Salimi power plant is located in 25 km north of Neka city on the
Caspian coast and consists of two independent parts, including 4 steam units and a combined cycle
unit. Each of the four steam units has a nominal power of 440 MW. The combined cycle section
consists of two gas units with a nominal capacity of 137.6 MW which are combined with two heat
recovery steam generators with a 160 MW nominal capacity. The power plant also has two Turbo
Expanders, each with a nominal power of 4.9 MW. The power plant always consumes two types of
fuel, natural gas as the main fuel and also alternative fuel, which is Fuel oil. In this study, the
dispersion pattern of gaseous pollutants of Shahid Salimi power plant has been simulated by
AERMOD model while consuming two types of fuel, natural gas and fuel oil. Pollutant emission data
have been received seasonally from Mazandaran Environmental Protection Organization for several
consecutive years from March 20, 2016 to September 22, 2019. The pollutants studied are nitrogen
oxides and sulfur dioxide. Also, at the end, the amount of carbon dioxide emissions in the discussed
seasons is presented. The center of the power plant was considered as a reference point. Modeling
area composed of the reference point at the center, a distance of 20 km to the north side (Caspian
Sea), 50 km to the east side (Miankaleh Peninsula and coastal strip), 40 km to the west side (coasts
located in the city of Joybar) and finally 30 km to the south of the region (including the cities of
Behshahr, Neka and part of the heights with forest cover) have been monitored by 1229 receptors in
the study area. Dasht e Naz meteorological station has been used to receive the required surface
meteorological data through the service (NCEI) in the database (NOAA)from the beginning of 2016
to the end of 2019 comprehensively. To determine the topography of the study area, the digital
elevation model was entered from the WEBGIS site in GTOPO30 / SRTM30 format.
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Discussion of Results

The concentration of pollutants were simulated in 3 time averages, which includes 1 hour, 24 hours
and seasonal period. During the spring, the prevailing wind in the studied area has been blown to the
east and northeast. Als the wind direction in the area was widely to the south in the summer.
According to windroses, during the cold period of the year (autumn and winter), the prevailing wind
has been blown toward the southwest. Based on the windroses of the studied years, it is predictable
that the distribution of gaseous pollutants can be hazardous for the population centers and agricultural
activities in the region. The results of dispersion modeling of gaseous pollutions are classified
seasonally; The results are presented based on the estimation of the maximum amount of pollution for
the studied years for NOx and SO- pollutants, respectively. CO, emissions are also provided for all
seasons in the reviewed years. According to the emission calculations based on the measurements,
CO; has the largest share of emissions compared to other pollutants. Based on the model plot for SO,
pollutant in the 1 hour averaging time, The maximum concentrations estimated in all seasons in the
studied years when the steam units used fuel oil, especially in the winter of 2016, were relatively
high, So that the average of these values was 5 times higher than the standard, And in the 24 hours
averaging time, only in the autumn of 2017 and summer of 2019, the estimated maximum pollution
were lower than the limits set by the WHO. The results of the maximum concentrations of NOx
pollutants showed that in some seasons, especially in the fall of 2016, it was 356 micrograms per
cubic meter above national and international standards (200 micrograms per cubic meter), And in the
24 hours averaging time, in the time periods that included autumn of 2017 and 2018 and winter of
2019 were lower than standard limit, And in other seasons of the reviewed years, the average value of
the estimated maximum amounts was 12 micrograms per cubic meter higher than the WHO standard
(25 micrograms per cubic meter).

Conclusions

According to the outputs, high concentrations of pollution that are beyond the standards are located in
the south slopes of the southeast and south heights of the studied area, near the Behshahr and Neka
cities. Accumulated pollution can be dangerous for people living in these areas and have irreversible
effects on their health. Accumulated pollution can be dangerous for people who live in these areas and
have irreversible effects on their health. Also, the accumulation of pollution in the highlands with the
occurrence of acid rain can damage the tissues of forest cover, trees and plants and it will have a
negative impact on their growth. Another area where the maximum concentration of pollution has
been observed is the area near to the power plant, which is located in the southern part from east to
west, and includes agricultural and rural lands, which are highly affected by the accumulation of
pollution, and it will even cause problems in food supply by affecting the agricultural products of
these areas. According to the results, producing pollution with maximum concentrations in the study
area occurs when fuel oil consumption exceeds natural gas. Fuel oil consumption in the steam units
due to sulfur dioxide emissions will have much more harmful effects on the environment. Therefore,
proper management must be done to reduce its consumption, to protect the adverse effects on humans
who live in the region, the ecosystem of the Miankaleh Peninsula, forest cover, as well as agricultural
lands in the region. To achieve this target, two solutions must be considered, first, reducing the
consumption of fuel oil with proper management, and second, refining and using fuel oil with very
low sulfur content in the steam units. Also, using Mazut Nano-Emulsion as a fuel to reduce pollution
will be effective.
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