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sSBYWLOIjdz dzf | ItejBtsaOdzdw & ftesHEZEISOR MOBO s

[
ts
¢
m

ftoddzed BO] BHEBERBoSC ERtoj sdesdg Mz yOj HdzW COYHEB2 ¢
o] fHEZCIBss, Crltterj HBdjd B'l' tjh | d
sfejHjdjd o IOC dOL' o0 dsd §jedsHdyuiNSsd ©
f4ted i dz Bjte s +CtsHL O delej Hiskefo ' € tsfdt€ tof Btigh B €
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dmy sdz! L s Odzdw { dgj G d (), Cslster j| o MzEyo] It
[ 4 6dzOd3] dals Stsd3dﬁ1ft$d$dfslillls dz) dg'lsdzO s pj tota Gy Istsff dzd o
2015a) d ft COsdOod ( Bfc zQ&) dbtc | Wan0p)z & Is
(otets J 2 MC S(easte Shiftge2LifE se s §f OtedzOBj dzls© d w59 jIsO
L CoH Jd Led2sdflaf Is j dz! dz" A sfisjed pteEBo ¢ s dsslsosdfddidstsodd daetz’ A
fted B St 2009) jc@zOB dglsjo stsd3dMmdd 5 dj Mlsde
so j toH sd3 (IESY, zqRe0jl 5a) ESOLT" 90 Ismw, ylsts:
fisojteHr §j yomisdyr (uvy) dzaj Htsdzyder (tej o200k L O
a3 tod 1831 d» O3] B)sEs Glsj dz2 dz' FsdRicpdExodz0 Iso j toH 503
M lsCtr sts?2 Witttdzls Odizj datishias flpmlsdzs dzr J st p tef B o dzO

o j toH 53 IsLsG CtefrdW to tfipizls O dzd dzts 2 fr@ffstzi 6L 28 h 7 Iso j toH &
slsdzd ydetsy Bl ftoj Mifse Odedets? Htcj o j id de'0, o teodgf 1 j
13% QHdzv B gbbdf Glsj dz dF A s g daRo dzO Ilso jtoH 5
LOC s Wstets dzls Ozt dzs @ M ®flglst e h do ftoj Mffse Odzgdzzs  Hisj
ftod dLdBjtejddd o MmtstslsejlsMmisodd M i IstsHsd®, i dh

d BB #C QEd @Okl ddd o Mtk jlshisedd f djks
(a)(l)(2) ftoddzsy  ded ¥ dSldf bq dfdaf] wjsddid) oy J ff3s &k
JssHisd3, fdMOdsdz &3 o HkdSlIsy 4(a) (i) (3) §tedadzts
toj Hj dz2 dz" § L 2Oy 4 dzd v, sftejHjdjdder § o HWJ S Is
d et j € Idfdo dejtadfo dzj dzd & fiy v Istg pistew @)dedsedgd f esIstsC t5dzO
012 A&@HO 1(JHOodzd dimmdzj His9 Odzd J , i tc mwplsitH § dzdzts
sdz2 hddefflsots adHtse tjcekdzdtetseo Odzdw Mmkh jMmlsealkzs h d=a
dimlsr &3 or detc" O3 ©® B EZOcGtsMBMIssWY dzd d, SH dZOS B
gWWjtejdydiectseo Odzdese s dzOdzse © ddzd tBh jes L Oftcjls
Otc ¢ d ¢Bywnercpt al., 2019).
Savol ahti et oadL.H,j st #Gjls fia 'z yPzd+ CsHdL O2 dzlz
Stsd3 dMmMmdzy Hiso Odzthd H b YJEERefElcPzE P ¢ S H OB G Uz! s ¢ DS b
ssots?2 IsjrdzedSd © AddzdzwdzHndd d dzO MsCteOh j dzd §
30 ecsHE. CCBHdLO2dz fsodzdw jlIs Istsdzr S5 d2O ff sW o
O Hdzdlsj dz' dese s MO MdzEyer hdestts dhmf sdz' L

jsdds@o Oxlimffiy BjyHE oMk djdedjds o MmMddzz L OC
dgddir 7 tojLizdz IsOlstse o B dZzZOMIsd MBSO jddw o' E
ZOted®, odzgjHtojdadj 1 StSHdLO2dzO ) dzOYyOd&ZO 20 27
5020 6% d B BUsEtodz@ dz Bsa 0203 0 WO tEz Y BEm@slsw L Is
Oo d dz/ dzsd3 dzOf tc Ow dinj lelzf dr!, dziis joyjlssdjj'dg MO C SdztsH Ols j dz! f
B B h | WPsod Btesmr , d, 5 d@dzi dzd¥ Oolsstetss, s
2 Isdf BT IStso 2 il jjruddd Hdlzve fyOdzddszw. dztf dsds o f)f dzj
sts dzj sBRtSHJ" Histf sdzded Isj dz' dgr | d3J ter Hdiy Mgt
Yd ssds dzOydsdzOdz' .dzr = tshmtss j dzdzsmls § 2

v Ooltsdse dd dsct Isfdifdisdls O+ € jsdsjcl 28 tdz h t
9 jHT & (b)Cgdswpag, 2008), SOC dzOL' 9O j 3" j jotsyj
tc Qo 59 52 o[tsofifeiso jsRNM ¢ I Y sk d fixfdsddfias p wizjj dizddz' = L dzO .
BlGENPH &Y ofmjrn Idifse IstOd] ©Oudsdz on fjptasiHHSils
CCsor " Ooltsdte ddj 2 Of Isdzikes® d Bz Qfttafide ety jdiSid oL dzC
WoftsfdzjHdj ets -G Cz@M] BB O7 ) | fflicij iz ozl @S tg d oL @igGsy
B;Gm‘@z/dﬂi’ﬂdsifﬁHr n YomBd S Bu Yy D s OCIsigd el ISCtsupzd 1
Y 9 :

BB edkEcs adjadsHOshr SHdAs2 dL Shdse df T

Cazdetse Oded W o 5 enfglgACrstizdpls & v 5 BiPrtlgdzvd2j, bk H § dzd dzd
dzy dese s o dgd 3Odzdw ( Brewer, 2019).
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v OB &@YO) toj HJdz' dzf § L dzOyd e&d WH dov' pdigjtshiftdoo ' (ro & Ists dB3ts B  dz
Codddisd tud MSdr 0Oo lstssRodridaieZetal., BOOH dzd yoO dL

LDV, LCV Gs¢ LCV s d&zOfmf LCV s &zOMmi
1 jda®™ rdu 9 ajdaL rdrd 1jdr  rdqLy

NMHC* 68 - 90 - 108 -
THC* 100 - 130 - 160 -
NOx* 60 80 75 105 82 125
THC+NOx* - 170 - 195 - 215
CO* 1000 500 1810 630 2270 740
vy * 4,50) 4,50) 4,50) 4,5 4,50) 4,5
Uy *o* 6x10'(d) 6x104d)  6x10{(d) 6x10"t  6x10%%d)  6x10

leddsj yOdedv: (a) sdOffr f 1 §t 3 slkdshHvishy ¢ ojMmsse’ o
b f) dzis o EasE sdzOUj ded ¥ Ho dcEOlsjdzj 2 f) foddzrdlsjdz dz &5 o sy &zOc
dMfsd LEzjlsMY o COyjMmlsej bkfdseodses tetL dOyjdd® HedcOl
lted Bj ded Bs € HodeOlj dzwv g f dzj f sSMtej HMlse j dadz/ERls o*f*te  jiHCdeids UsAs
qLdj tej dzdw o # G

g4 smtss. cOMyYUJIsO o' BtetsMmiso o dBesetsdz L Ooadmdls
dmMfsdz! Lkzj iIse s HdzW tOMYUJISO o' BtetsMmiso -KlecfeldS 1 Ists
2014) Ho&vsONEPBHc@GNX)asAs Oddgi fifStts dzj s His ME OdzH OdzO My
(Archer, 2016). & HL jdz dZ@ = OoltsdisB ddzj 2 dz0O
LdzOyjdedwr orBtosMmtse d f§toj H jodf!'fider Al L dzOyj dzd v =

* \ GasolineNOx  * ©' * Diesel NOx N,

Lev . 0 Lev
25 . —Homolog. limit 25 ﬁhq-@i —Homolog. limit
+ gh 9d

N

o
N
o

o, |

L L
o T T i LL I
& @ 2 Z ;
15 % 15 i o +
4 X &
~ - [ ] -
o0 o0
+ g, ‘ m -
10 [ ¥4 9] 10 ] |
i | L]
5 5
‘0 & LN I
*e4 e
0 2 o B 0
1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015

Model year

Model year

gz j Hdz2d ] WOCItster o' BtesfMtse NOx dz2O0 ettewyjdd Hod
oltsdBsBddzj 2 d djcSdn StdB®RjteujMSdn kttOdhmf stlsdy &
JLjdz desdB (M E®y OB dzizdp j o L Oo d d.Bdfis'd s csHO
t6j HilsOo dzw & IsdzAsBHSB O PtBdAs j dz' dzr 2 ddzlsjteo Oz 5 fMtcOo dzj
dZOyjded j d5. [ sBOodzjdg ftejHjdz dg j L deOyjdedw W dydod
jcCtcor o OolstsiEls dui ¥ omdsslsy aytgzd ] YydS 0 sSdBsdse Oydsd
d2Mlsoakzs h g jlsiisptetsk j d3 ¢ sH E -Kleefeld, A0149.nd Bor ken
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23 1 OGcteW L dzj dzd § otsLHERO d dL dzsj daj dzd j
B HERZOKGBSHdSE 1 Csdztedyd MEsets O O

(Yaminevad Romppanen 2017) orf w9 d ®ds lsgsipgjOw iz sts mLotEeigdem,@j Is
LOGtewW L dgjdzd jd&3 oBLHERO d dL dBjdej dedj a3 € dzd 305 O.

fsdzdlsdS 2 o tsBd&OMd LOctkwL dj Y oSLHERO (
ddzls j ctcd tets o Odg 9 ®BiNHEOKGSHMS] KOs ts, d fslsy
Eydlsr 9.08 sifnw ff smdzj H dzj § o toj d3gw o My B tSHBPh j o dz
(CtslsS sy do&tvddgz d &5 Codidf GHIEO Qe S Slstster j gL 8
M smMseMisalze s COC L OGctwwW L dzj dzede o s ae@F O BBISBOSE YU
CH utsCtcOh jddj orBtetsftse yYjtodesets kZcodzjtesHO d 3]
SLCP, dzts BBd Y HEZdZOtetsSH dzts § ftcOo ts fcsC0O dzj HOY Is
toj Ckdzdtetso Odzgdw™ IsOCdrn of Btotsftsotej Gliz'dagtctizfiyjris s o O dizC
Cdzd 3O dud MEde wjNbpEdy e Ismv yYOfmis! v dzOydsdod! d
ftoslssCtsdz o Cdzt YO, I tc Ef3f oD dz" jomisifo st Otcded S s 7 A GO
CitcteOWdyd MSE P2 fiplsceodPds fjtw sts C tetOE t§ Ealpd y jodz.B tclis@)tsd
Mtse dzOh jdedj, SCtbtstesy bktejBlkjls, vyt ofj MistcOdz
gL 3 dzgj dzgdw € dzd BOIsO, dzgj Elsydwjls, ¢0O0¢dj ¢ Oteded ¢
2O fsHAatH] c¢cMddLkz eeajtrne, ftod ¢ RBlntsetds, 1§ Hsjsdr'to
sdzed BERZHEIL ftejHiftedded 3BOIs!, d MstsBh Ot ls B 1 Isd
Ftesodzg] oCdPH'™ | (fJIsdFR 9o¢C dzOHOR {§tslsjdzydOdz! dzts Bt
fOtcdzd Ctsor 2 e0OL ddzd ojh jMmlsets. AOCIsdyd mM¢ d, d3d
ftelJ Hf BdZOGOj B §j [1uv], SEK OO dig{f thdsweddlzlzd ¢ O
Yz sdzeS toj Isdets tslsd3j Isd dzd yj tedz 2 Zcdzj tetsH . ] s
Cdzd BOIsdyj MEsets tixdBO [ [ Hy &zOj Isfw  dz0 MtsC te(
3§ sOdzlz EZHjdzwjlsmw d3j dzg hj odedd3Odedw, O yJjteds 2 L
O dzgf S 0O¢C f Otcded SISO 2dzc Ot B M I XeO® Jsls iy .

lrBtetsM" yvyuvu dOdeBdzj | {dzds tsneaOyjdr o uj o] tcdst
Y siBBtceME Bl ket gzlzyg v s Istc OdzM e tc O dzd ydzts d3
ZO Btsdzr hdj tOmMMmissw dzad W) o Cdzx yosls yjdzjoerjy fts
BB3j dz€ sHd MY jdgdeC s BBfutydzj dzlstsdz S tslstster n Wy dzw jIsfpw

CoBf sded dzls yuv day ESCOLOdz BISH | dz' dzts, dlststetsdzOd3 fe
HisfMisd y j dzd & dr doOydsdzOdz' dzr = yjdzjor s fsC0OL Olsj
EHJ dzw s ftcdstedlilsy Isdaetsy o dzeddio dgiyd Is @t Ids ts12ls 3 Ugjidzd frp
B teOBZ s MsCteOh jdde o' BtetsMmtse, Csltster j OSC Y
sBiMfjydeOjls ftojddizh jmMlsoa ® HdzY LHBEGBO ! W Yj dztse
M3weyj dzd® CtoOISsMtcsydzer » § sMdzi HMisb g @sdel dBls &Y wzil
sBWLOd MmMstseBh Ols! s Metsdms IjSkhdma orBtetsMOR YU
fsftcOoCOBd 2012 etsHO ofMmlskzfddz o Mddzk 7 tClswBis

stesdzy b, &it' s MsCteOh jddr o Btesmtse yYu (
Mtso jIssdz, o ¢ dzs yow ( OdBtsydzlzes HesctwOBBEz HJ2MIse d?2
mMoyxd d d&jls0OdzO, O OS] fHjtoks Cwdzdzj Silsdo dazs
o' BtlosMse[ HAEOS B toj M j dzd W dbtcClsduyuj MEses Mo jIsO
stcdHdUud MSls2dHaz ., o tjockzdzdteseo Odedd or Btotsfytse v
sO¢ C0O¢C o dOmMbswh jj otjdiv wlhkzlsmMisakzjls ¢ dztse O
LOGtew L dveh jji ojhjMmlsets
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31 0kzydz § Mo JHJdedv

r dzw  dzeyh jets  tsdzd 3O ded W f tisjsryfy ks @o dzj de' Is tstelff teg) QML j HAZ ] ddgo
ModHjddwY, Mdetso Odede' § dzO dzj HO9 dzj A3 BB L St dzd Is g

31 vjtedy 2 bkedzjtosH d ! dzj &3j dels Otedz 2 k¢ dzj tot

lLeojhjaedzojstL HizR ] ko jteH' j yYyOMPlsdey ' def{ v o dz v o gizv § 1
pr LT 908N dds 5L OB Y  deaz®OnIsd 7 dalpj B lsAOdz s te d ¥ 5 dzts ¢ 5

LHBtese ! | yj dzs® jkO, Mfdsshwe ddefmisd - EzHh Ot o dHJ 3
GOl jted Odzr . vy (Bsydzs ©OMMEOLeds Ol: ¢ 0O¢ Mse
fsMSd Sk ' todRd s s Asay@ sz MY hj GtisBas dfptetse  YOMisdy d

COL destsBtOL dzr &5 SddBdUi MSdds MeflsOo sds. RrRMIssed Yy f
fted MY dcOddd kcedw d dL &jew &zOm! COC yjtedsy 2 H'
9jC0 o ©OLoadlkrn MstcOkOR dzOB dz¥ H O O s Ish) H tEf@NQjdd
d o MmMtMlsOej vy {§Mmisjfjddets MlsOdzd ot
4de4d3f' o1 0 B Mzt KE O P ©OEHHO, © OB BY y gz o sdsjc
filgs @] OdRBsdd"  obktstedudy 2 BcOddui MSd2 b

Josdz L ssets By jls Mdzzy dly’, it igdy e datlg &C pra [
dSddy (tedfyp. 2). 16Misjfjddts, §ts5 d3jtej
d M dzr | HdW wjekdzdteses Odzdwy dMmistsyded € d
OH s dadz’ | dmlstsyded € d, Cslstster § o dggmwils L
4 0z ydd vy o eoetsLHEZAj. s bOSdd dMmistsydzed S C
m&JHmbaJ@@B f t6 dO Htistisisty diafs, &3 E®QL Ezddd j MY  § te
HteJ 9 § mMdz" 2 H' 3.
ydthdedglsXe oL o jh jdzdzr » © oBLHEA] s jteH™ A Y
dztse)J SBtOL 59 Odzgdzr 7 YyOMmlsdy ©OL di3j etsdz o MJ Gt
stesd3 o HjMwisCld fYduifdejtdggilsittsatej &3v  dzOB dz¢ H C
¢ Mo jtornlstdel P (Soe®adztsy @A 9O dfl duseor M j d
J o' BtesmMtse BlIs HBy dses HodyJddw ¢ Of
dz' dz" § ftsyj M’ L Oty Hgdgd)y  Ludd@pisdddyf dsifls
lso z ®Oflsdety? j dath (HemgsSn, 20510)m fr) !

D‘Iﬁ_
=

m'Q—B'Q—_‘Q

_qu-(ﬁﬁ-ﬁ-ﬂ.

_Qp,xq_.&on =Ny Wt gLQ& Q—.

,::l?f"— 5°‘

NnEgToIT > qg.ng.w—**—' © O N

gm0 O
=y OQS‘

Delhi
PM, ;= 130.1 ug m™

Beijing
PM, ;=91.2 ug m™

London
PM, s=15.7 ug m

16.0%

- nitrate - sulphate - ammonium
- ()I'gill]iC matter - elemental carbon
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tdMe&sCutsmMisOo dsodz = =~ dd3
CORBY Odzd 2 o Jtsdthsgzﬁzﬁ]ddzgfsgsUtmz

d wg M ndsB e Ozl € dzjodzlsstst®oH ju
I’;) J
sdzdz02dz) (Laskin et al ., 15)

Cddzj d rddzd. (Ao

VGdzj etsHMBH j o O 0§ sdi3f tsdzj dzls ', sO¢dj ¢0O0¢ yJ to
Eedzj B®&H (o LOacffr]cfd313fr]lsq’ sls o3 Is s H @ M ldsedas ta @s o fOtels| Bj
ydmistsets ddzd sjtedistsfIsdyj MSEsets dijssHO d ydml
stec Odzed Uj MS PT) Iz gwdpj devssHls fif v sdetse df A3 Mtsj H d dzj dad W
B Mistsf sdztsy j ded Wi 1 ds s d3dste . 2 v Us j tec d3d dz, sfdmr o Os h d:
Eedzj csHimMsH jtey O dr o jh jMmlse: wls yOfmlsdydses B EZG Az
CtcOWdIsdL dqtetso Odzdzts?2 MOYd (. j. M o' Mz BteW H
MlstczC Isztc O3], COXBL dd COBOYRIsjd, ftosyj My dzd § t
[BhjfteddWIssets mndd@iddy MStsets tsftejHjdzjdzgdWV Isj ted3dcC
[t YOMmlsts dzOL " 90O Is MOYJ 2, CtlcOWdIlstso™ d@3 kG dzj tots

14 Stlsster § sftejHjdzjdedw Yyuvu MmMMicj HEsSlstsY  dar dzO

Mos2Mlseo Of ( BAfstedaz) O Mk )ls IsseHO COC Hkzedj ¢t
fteddydf Or d lttOy 08l tjLEzd IO dLd&jtej dzd?2 d
2013).

YU @ sCOLT 908ls ftoeslsdotsf sty detsy oL Hj2Mlsodi o
(Laskinetal., 2015)f tce Odzed yj MS d s OMmMicsOBEHeB j d&zr j &, Mt
4WWJQIst¢®ﬂ¥tQJq’SOBLS dHd B J{ HdO Uz yjrdadQu d Is § dz! dzOW
9 Otc! qtolzs h e dzptsEaY iytsH j toy O d = d ttcOdduyd Mcdn

dL dzz u.j def Pd B 50z J dLojMmlsdzr 58 Isdftsds Mo jlststf G dzts”
Ol tetsL sdzv wodzw jIsfqwy yuv, HtejHMisOoadzwes hd2 MmMtseB2 M
MydeOddd dMSBYfOj @isets Iksfdzde ® d BJdBROMM' . Y U
hdetsS sd3 Mt jdSdiEsty Qoa! Gy d3lz dz- lsteG)lWins&Jslsﬁaﬂﬂdsmﬁ(tsOﬁjdztsG
IsLHj2MmMlsady Yuvu GMte | dzdztss Hijlz M QSfijdsdoe] damiatsl god igdeyd) s
Bds&OMMm" d kedv. i tsaCffddddzimss of sRadiihdQizgtizd d dzd j |

des Blsdesmdlsj dzr des ftesL tcOyder Hdzw o dHddBsSEets (Vvi s,
(700712500 dzdB) HJOYOL Sdztsd H dzd dz OB sz § Is[dHoddAS ts
fscdsh O s dL dzlz yYyWd3j0 OoT 480d2d scde)d3 f o dH d diBtsds HdOf
dz0 iz y dzts 2 dzd s j cOlsztej f sweo ddmw dzso r 2 Is § te d3d dz

dmfsdz LizjlsMw Hdv fdhOddy O ttLidj?2, -~0LOC
Coslstster 2 §f sMmisj § j dedss olaon] ddegfispdsoUBH ISGifvO L 5 dzO €

l sdi3ddiEs § o8 s 6 pAsPls eocf  Bs§ L dzzyjdedj, COC vu,

) tSdeOudzf' COf dzd , f scdztsh O s Mo jls, M smtse Mise
sB d&ZOC 50 Clstsls Hf sdzdedIlsj dz! dzr 2 Ctsfo jdader 2+ WWJ
{WWJQISIZ sSBtOL 89 OdzgdW tsBEZOYdz' = S Of j dz2 OL tesL 5dzW
Il dzdlj @ kskkg fz08 sffw  Ho O Htkedrm Ytsdwisdvw, Cslststo
2014): () CSodo Odzj dzgs yjtedesets Hovdrj to® B &RI(eWBd)S d 7

dLjeweshdrn St WW¥dydd dzs §tsedzsh jdzdw yofmlsdy, or
dmy sdz! L so Odzdj d3 S sdeMmilsOdzlsT ftoj sBtOL 59 Odad W , dzC

fcegdztsh jdgdw ([ sl ). vilstsB' [zlstsydgftsy pIslsyls sdz@ L 13J G
YU, ddscHO tjStdi3jdHizjlsmMw dhMf sdz L s9Ols! Isj tcdzd d
tcOMMmydls Odzdzts 2 zO tshdtse | C 511 WjWWdeuodt jIsdgidgfdiie dff 26 dzts h
Eeodzj etsH: ([r@fEMHO Ekcecdzj tetsH O, i sdzlz yJ dzdzOW a3 StsSH 5
&zO¢ Odzd 9 Odzd W (L ltelj)W,tc O WO drd@pds Wiz ¢ dzj S H tS3, s0O¢
sftejHjdzvjlsmyw fklsjd qLdgdted ddwY Isjfdaseosets dL dzlzy
Colstster 2 sedzsh Ojls 1 dgj tedads dzOL j .60O.
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v edyfffoy d Milsr 2 dedzdizj w®Mledyr ¢ MOy de (Pt ptpl., d Y td
2013) . Clisls Isjtediddz lsdzsmdIlsmw ¢ Eedzj esHlz M
o ts2Mmlso O3, Idfduyde &3 Hdzv YOMbdy MOnd, ©BHKO
stsf dzde ©. Y OMlsdyr MOy dmMtets kedzj csHO Wstocdzsdtolzs®
GtGOleqisis-nslssdzf” BICtesCtcdMisOdzdzdIstso . [ dzd MtsMmlsswis
dzj ssdz? hddz Ctdzdyd Misesd3 olcGnsdatsH Gls dj Is § § M dzts toysisi
sftejHjdzjdedd MEdze yoOjls dz¢eBr j BteceOddy MSdyg o4hn
odH] fsCter lsdw dzO MW j ez &zO~A

32 1 ter 2 EZcGdzj tetsH

10 tedmikzdzCj 3 dL t©OBTSIST (LY | eistdzg tcsamMisH j BPAFE
Mtsd Hddaj dzd 2 , fMsH j ey O d A MW ) OlsdismW j toj , tcOL H
WEdC ydtsdzOdz! dese s tsftejHjdzjdedw d dzOdBtdzj j tOMY t
yomisdy (vy). 1 eojtrndej?2 yOfisd Mmrg @O Misj tadfddy das!
MoOo®ks?2 dzdL €52 dzj skzyd Mis ¥  dzOdBtsdz' h j2 M smtsBC
dz0 Mdztsy desmls! MlstezCIskzter yYyv, JeB BOLto OW o dd3dy
HsMisOlssydzts mtstetsh s dqLrbkzyddzr . 1 W EEBdEeH: BcH) BEH 1B
CtcOWdlstsofj v fpizfiflss?2 MlstczClsktcts?, zdztsy § dzdz" = H ol
fdzsmMEsMisd Mzsjeo. J1td htsj SCStddyjmsets HJj dzs$ Odzd
Milsd ctcOVWdlserna Mzsjoe tftejHjdvil Mmddz dzr §j hdt
BOIsj tod OdzPOL 2Oy Higf o€ D dz dzts?2 L O dMmd dizsmiss 8 Cts4 W
sfdmr o 0j di3s2 TL)0.C sdets[dg dz(e Y OMls: HJd OG tc ©d3dzr mts

St Oded Yy MSEdads MsjHddej dzedv d3 i) ~OwOCIsj eddV)d3 § ts

G d
Hd Of OL tsdzj . Clsd wtecOdzdud M<dJ ojhiMmMlsa® ddjtvls
WsssndBUi MSdR fesyjmise, ©HEOC B SE@QR &KEAINS d
tcOHJOyYydtsdzdzr 2 BOZOdzl, ftcjH VBB 2 ts6dsh jded
CteO@2dzeddzsd IbtsySoOddd HJOCLOBNR" dzOR tsH dIsfw h qtots €
(tej WtcOC B j tisde'cOded yj MS dr Mtsj H dddgjHb=iPls Cifs tsta|@atsdzddw de uyd
Bsdzj CEdzv todzr @3 MistckzCIskztcOd3d . stejHd dzdm o7 HJd
sy Hdda ded 2 M Y Isd ud Oné QCdis]] Hohily wiZeffly leds@dgd Iz 6 dzj tetSH O
Slsdzdudj s yuftd&dsts Wﬂ#ﬁﬂ@ﬁ;@ﬁ@ﬂsf@dﬁéﬂzh“ L Oo d fd di3tsf
H dzd dz' o tsdzdz" , ftod It §tsedsh jddj tcjLSCts ko
Edz stcOWdBdzj ssatsdiz ( UV) HJdOf OL sdzlz . b dzts ) dztsfls ¢
MsjHddaj dz2d?2 d 90tdOydd dr ldsidlsj d d&" = ¢ tsdzyj
Bs&p kv ttdscts MshisO0e 0 d BftwjHjdjdd] bdfss &S
Cltster j HIClkEs Is quq imSdj Moets2mlsd ®BYypdeCls: [ w
sjCkhjj Mmistwdj dzd?2 5 dBsdj Ckzdvtedy 7 Mistok
OdzOd&zdL O § sfydzj H dzd 7 qsm; or % d &OBGBEOlBtdr & d i
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Thermochemical Molecular Optical
Classification Structures Classification

Elemental Graphene Layers Black
Carbon (EC) (graphitic or turbostratic) Carbon (BC)

>

Polycyclic Aromatics,
Humic-Like Substances, Colored
Biopolymers, efc.

Refractory
Organic Carbon

Organic Carbon

(Nonrefractory) Low-Molecular-Mass (Colorless)
Organic Carbon Hydrocarbons and Organic Carbon
(OoC) Derivatives (OC)

Chem. Refractivenes>

Optical Absorption

dme@&s¢{fisdud McOY d IsjtedtssddBdud M¢OY CzOMMd¥ ds¢Oyd
Offlsdy o Olbdsmi¥jwj. [OljwdOd BrC fjHmsOodvjls Mt
SCOh jdgdgr 7)) BcOddUjMSdR MjHdds dzd?2 M ©OL destse 6
TOEOC s GBI Oy HE2 dsdj Skd sflksduj msSdBkd Mo 2
o 2

Licd N jdedw dL tOBBIST ( P° s c hICH Vefla@ GrobH & CaO ¢Laskim i g h't

e~

Ga—Gga=sg N

hifbolzjls dajfntisdpds GO tztidetsdy fldg of v MS d ~ M tishY tinds jo dzdptod ) I

Yd tcdztsc ts Pedzj tetsH O (vyv) duJd3j gz o5 )18 &
dud MS sd3 . Mis(C3saj pdpdad eHtr BZOI . 2020) ftesOd
dn Mo ts2 Mise d rddBduydi MEisets MMmMlsOa O
M jSIstc® BJBHBOMM, ftoj ddzlzh j Mise j dzdzts
ftetsyd MM Wislss8 d dedjRiSmpdisscdisizts 1) Is G td)jdsipdicy)
dzr ~ igadaOdZJdZISer" oted 3y dedzr = h COdz tsls
d (Washenfeld et al ., 2015) s B dzQ
dﬁg JeOddj d disd30fnfann @dwﬁmdszﬁtG%Cﬁlwa
tc
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0]

°&

vy vdzj Hdds (D(]M’stu;{tsiz.lslsadtq‘udﬁsmu @ s s fivls d3ts iy W
dzd o3 IsG). Il Cdzs yjdzedj Br C o900 sz dgy tefy Ist
] jdoeOsh jets dO BdzdL Cd2 ¢ dgkzdz®
& M dzq’Jd3 B sd&30MmMr (McNeill, 201
. 0) ftsHIse jlo HOjIs HBRJAddEzE hE
Cf13d30fnfnr- Q@ Slsdrly  tiej te QuLtsdis dzdBdrIsGj d edelz o3,
& ftod wLWOMMdBslSte)j ddd djtecilsdud s s
s My deotdy E¢hi@gdtek) ' =, OC d
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et al., 2017) dL di3j-tcq g tc Q& GOSE § ts didis 0 ji dizthts ¢
MYXdecoOddd BdtsdomMMm" (BB) d ofBttsMO~ BjdL
sdemlstcdteso Odzs Md dzt dgzs L OoadMd BsMmis! sIs H dzd dz
Cot WWdydjdzs fsedzsh j dzdY b gz Qd EzP dzi .@6, O elztizts 2
Oy tcf BB fted or MtsCdn sj &3 j eOlskztOr
sdlstedtelz jIs Mddz detsj Mo jlssftsedsh jddj:; Isdf
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odzdw dedv MO IsMmw Isdel BYztg JsH jHdE) ddzdetsj2hedlsdststs o bz J di
BJdL Jdztsor i3d Ho dcG Ol pizsd®P M’ § Ok s f EOdzf fes o j s s
LdgdEts?2, UYd B dzijlssd3. It McOodzj dzede fp or BtesMOzd
OC dL Oobkts®sBdd d 2 o' BlesMss B' dzZs MAGYj2 o]
L dz20yd dzts s - BJ deL Jdztseor n Qo lstsdssB ddgit 7 ¢ @O ] dg® s
141 SMstcOcdtolzj d3r 2 OC MmMtMmlsGoaddz L dzOydlsj dz' dzlz &

OolssfisBddz dgf = o' BtetsMOR, yYlts ECOL" 90jls dzO dzj |
iet flsjdydod dr n Mo j lsisd dzs dafts @ @ dgdjf the dz= injsded
stec Odzd yd M d d3d 01 tetsL sdzv o3 ftcdojH]Is ¢ dzd H Bt
steeOdzed yj MSdna BMBBY thdzfs? 9 cttesHMEdrn ©0O2BdOR,
MsMisOo dzv ¥ Is L dzOydlilsj dzBdzz ¥ tH©OHGeE O M dzaf @8d B " IS
Htej o § Ipd dz sO¢YJd BT dz 9" Wwoadzjdz COC tsMmdzse dzts?2 (
A t6 O dzy d d (Y. ZbpdgeRal., 2020).

WWJicClsr dzd dzLWoedssto@idgdivaz flzd ¥ O dz" = ftesyj MmO, Mmeow
tcOHJdOyYydsdzdzsd3 B OdzOdzin | § Wz ¢ I Y dzd dzLet S Ba Oalzd §v 1R 0
tcOHJOyYydtsdedetsj] otLHj2Mlsad] © ObdksmMW¥jttj, L Osdfm
YoMl H JOydesdedetsj] oL Hj2Mlsadj o dzkzlstyj didzijsz tefitpdsish

bedzj csH® (BrC) orhj, yjd b odlzlstjdedzj 2 Mok
st Odzgd Ui MECSOB) e tzicf s © 3 dzj dzgd d H dzd dz" o sdzde' ff |
dzdz. v OCdd3 tsBtOL A, WW,jSCl dzddzet Jtcseo Odzdw, o7 L 9
dzgj dz' LV e destedtetsoa Ol , d jcets dzgjtsBrtsHdBS EZydlsr o

ABIstsB dzj HodzjLdzdojOj Is L dzOydilsj dzv dz" § dL d3d dad dedwv o .
OL L BdZj 2 Br C, ybtwdvwyls mdz®r cOmMGgOygsdadzts] oL H
Il sstedydz" 2 Br C diisy ils tsBtcOLBor 9Ol Mw o Htesyy MM
fsHe j cBOffsigis &3z W s is(sWodn H dij tdzd & | . 2017; Zhao e
BsHj dZdteso Odzd] CcdzsBOdz dgse s wOHJdOYdtsdzdese s 4 W W
2020) fsCOLOdzts { t5Isig0dzqfds@ diz' dits 2 B tgdgdsis ydzed ¢ dzOG te
stetsf sMW jtoj btesfdy MSdr tjeddtse s MtcOo dzj dad

{ HdzGlsdzs yj dzdj Br C o € dzd &3O g of 9 5 &t Gte @< ipfdz! delis
WiClkOd, €COC 1kt fsCOLOdS o (Sumlin et al.
dzsy dlsj dz' detsj t©OHJOY(J tsdadats otsLHj2Msad ( &zO6
slswy jdedd otejdBjdedzr & hCOdk ObdBsmi jtedsets MO,
17) S mdzRoe j dzd yj dzd j 5 o tej a3 dzd dZ-O:tS)]HJ
AM Equival ent Day, 4Q9da®dz'dzlsdzf2 H
L t5dY) ddisjcotediese OdzdeOY W% jCIsdo fn f oW C
j dz' " Oj sfv 7 d Bhtcde®, &zON21, 7 Hts 29 2,8 |
® HdWR, djtBrtHd®S] HAW Htsfr]lsq’ N4 dedw BO
HBBBSJBMBSE““JJ ded y j ded§ +WWjClsdo dasilsc
sOodzv jIs BCtsdzts 5%0, 1) 1 B/ € NHsz,VOfr] ®tcj dzgd B8 WC
PED. milsw fteddjtodes § sdztso d dz0 { dzgj e dd f)tsdzdz
700 dzd3, w©OHJOYdGdzades] o ts5Lmg &Ms® Hl§ 1o dz®q Pl O
| dzyd Odzts 5 dzOlBO ¢ W @SAs d U j MS s Isj eted ssted ™ o3d ,
dzdzd Is j dz' des Bz € dzd B3OS d i MS sz HJMe OkzOdhk . |
B sdzj § Hdzd Is § df taad® L nds jOeQ vddsf,d  ylsts -LtOyj deb d
fscdzsh jddv Br C &0 shmdws p jdtsH j dzj 2 &sclkls

o OV fwsofpj dsj Misdesj wWOMYtesMistcOdzj dedJ Isdzj ¥ h d
i dmfmizjHse Odedj fBHYj©CdoOjls o0y dshls!
QMo LvOIdEs LdEaldl, s di dzv kst ydsj ded W S dzd 3OIs d y
dCcott? GBOBBISSd HOdzdz =~ .

v Ol
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331 s ydSddujmMSdj OusdkOduimMSdj kcdjort

HYdveshdipmyd gdze &3 NG dzstcsHsd (Yyv) o ey,
sy qlsjd dts BdsSCdElze sMw o &EOswdyj YU
€0 wUu MS 5d® W csaiisd®? Ottt kol d@ijent 52
P

b

]

,N.I_
oY=

Obts Bohpfgye jIsdz j, g k™ j dsdef Orlzdp iy @€ o j
s ftsfOHOI! o Sty O0shkzs MtejHEZ t©WOL dzr
v ftejHMisOodvs s M2 ctelkfflz dL  dzj-
d2 M toL,kzd gt dhd iR e misd: fr]tSJH
RBdesy j Mses ddzHdoedHEZOdz dgf = MisjHJdz
Mdtetseo Odagdz' » S tsdzr yoO. 1 ouv R OtOCIsjtedL kz¥
fl oL dzd ydz' dgds s @ e @z g @Gzttdsd Ote s BOIs d U J
sdz0dz! dz" 3 ctwlkzff Odizsd, GJtedCtej §f dzj dedzr d&3d ¢ 4

N O—. T U:IS

"OFS G =g CRONGFFNEQRG T TS

1 ov

]

s tc

al .

{dad

fdsj md

ftsd Hd

o C dzv y

CtsdzH §

Ctsdzj y

Wz dzS y

1 v HjdwIismw dO Hej SCOljetstedd: MtsjHddz] dedw fy
dzd L S sdisdzj § 2 dzv tedz" dz3q , 0 fMtsd Hddzj dzd v M T i to
or MsSC sdtsdzj € 2z dzv tedz" dz3q .

1 sded i30ded § MmoewiLd d@ixHk yuv d 1ov SCwdbsduimsd o
LWWjCltse, fzlsifIc g 6@ dzts MOUAry O " j 2 Mmted HJ . YU
fsofj &) Misdes fodmizsmsokzs hddz o ObdshVjte d

M shse detsmls © C LOBEEOdzdzYY M BB o9l ®F dhdgo EdP ¢ st
stee Oded yd MS dJ dl[Qc tegw Liddduls.j dadr dets @MY tedzi getdzj dzafi s 51 ¢
tcOL dzd ydz' » S t@Ef sdzj dzZlsOr Cteky O h j2 MejHT L OadMm
or M2 Mismsesdsmisd ¢ mMsteeydd 1 ¢uv (Cornel i ss
1 v detcOsls 90y dzkes ttsdzr o Wtttdizdteseo Odedd yofmilsdy
Wstcdzdtctso Odedww MOy d, sO¢djy ¢€0O0¢ LOtsyHjddj d

HdMSEMMd?2 d wedzwe Isfmw yJ dzalstcOdz' dets?2 Isj dsts?2  Bdzts e
Gtstej ded v . 1Q@adsdyyj Mids fiEdsatc® dzOuyd dzO4 Isfpw f 6 O yd2 |
sO¢dr C0O0¢ fHdttsddL d tS¢dmdzj dzd J , LO Ctlstster d3g
ydSddL oydd, ftedotsHWh dj ¢ SBOL 59 Odzd * s
Fedzj otsHtstesHise (1 dv) . 1 J HOo dad J. , tc j2L0AR!) Is Ofiptf 5 fifsC
f sdzed 3Odzed ¥ sy MmO Wsttdsdtotseo OdzdwY MOy d, ftoj HE
tcjh O hddz ssBICOj HIEsde@ 1 Issls ftetsyjmm, d Ijd MOB
AnddBdd dz20 dBtsdzj Czdzw tcdesd3 kZtetsodzj. 1 Hisdze sftets ydats:
M smtsB Milsatso Ols Edzz yh jded® Isj mdetsdzsed?, shdets e O
ftcl HSlsotcON jdzdw GBtcOL 5o Gsdadz'S Iseste . Hdz" = f sB SYds' n

vyilrtej 1oéuv wodweslsiqw Bl jCIssds SMtsBtsE s o dad dz0 dac
(BaP), BJdeL s(b) W dkzkEtstcOdzls j dz, B-¢ dz 15 fletg AldahigisCtef@Rdzls
f tcts

COdz

ssCtsdz ). i) dzeiq ©) f dtsjdz o zOWOdzddz o dzj fydzd
Yyjesej ddezs OCIsdodesiis! of Blesmse ls My de Odeq

36
A1 v-GilsCteOh idzd iy wd' B tdomin S 02020



Combustion Chemistry PAHs Kinetic Mechanism
CH,
C H4

Lot Oxidation C ”
o> g~ &8
= C,I{, /
\

Vi AY

Surface Surface Precursor Precursor
Growth Growth Formation Formation
RS(S RS(6) RS(2) RS(3
\f N’ Precursor
Soot Particle Bigger Soot Coagulation | Seot Particle Inception | Soot Precursor Formation & i
Dynamics Particle RS(7) CiS)09 RS(4) C(PR);, RS(1) 22

Oxidation Oxidation
RS(8),RS(9) RS(10)

it dmkzdzsQ EIs' W stediddteso OdzdwY MO d ¢ 5 H Oddadwdgboiner en k| a
et al., 2015; Pang et al., 2013)

34 ssdeyd fyd™ c¢stdeHjdemdtelzj 3" = 8" jMmsae

StsdeH j dzid telz j " j lso jtoH " § Yomisdyr f s(HEWOMs)) ¢ tftdadjsH
CtodeH j defdtelz j 8B A OYBRMB JIGKY jfe@skztc] lsAatsHWh R 6 C
(Feng et al., 2018). s0¢ d&OftsizdddzOjls (Evans,
s SRtOdz BStekzyO0sh j2 MmejHr (EPA), Leokydlk KOS

¢l Olsj o2 tsHwh djMmw o f Qtddyfss liciPdzias@ v AW O 7j BBts o 52
CtdeH j defdtelzs M dj v &/ qegdoCafdls z Qs d§ - dzOX H j ded d

sCtlkyO0sh jd3 asLHER], sBteOLEZW Iso jteHT J ddzd Y dHS
Slsd3j sdls! , ulgtdudsl) gsdsdfagofy "¢ Waexs ydd

sUuyY BiMoOsds@nwstsBtcOL dzts?2 W ORlgn HfHO dldsjod3Hj tde OdsTzactg ts M)
MeOLE fjtjrtsHwls o Mtsmisswdzdj IseoajteH"™ » YOMmisdy
SBtOL k8 Isw { ¢tk 6Py gh@ydve, o ¢ d® yoshjdilz H
Wstcdzdtetso Odzedw yOfMmlsdy: ccectdtsejdedats] L Otetsy H j dad j ¢
f tod dzOH dzj 4 Ols 259 Y@M Qv dzv 6 Is ketesL z HdzVW Ctokzy
Yjzso j €O. [ jltsHr IsjMmMisdteseo Odedw suvy HJjdWIisfw
f sRs'dsf Jdesafj @3 sSssH tOLBOoa dzZV s h jgs tsh dzOY H j dgd W .
Bdes ¢ 7 MQ &GAR(cLOG o fi) to fy sl alas | Yybsts svy ftojddizh j ml
dzj Btec Oded U4 MSE doa & sz Effgdatidatgltg'ds © Issfdzdej (Ya
2018, 2015, 2014). [JtwcOdduyiméd) SCoRkfcdy ddsr o
fpdzts ) dzr § 1 Wdter d Htkzedj fdztsy dzr § stec Oded yd ME «
1 it Odedyj MSdj S tdi3f sdgj dalsT suvY dBsclzlsdafirdzOyd s,
oHEBWOMse sted i3 = Jdaise ®s@BMHEY tedl Bdwydhdielz
il 00ydetsj LdzOYjdedj HAzV § sded BOdedwY totsdzd k¢
¢ Ow Isj B jtcOskzte® d ddLStj tOLBOs dzj dzd )
fjtcOlskztcO d or fiysk™s ] tc jid"QjLddOw dzg HafftesMse Eyj O
J
Y
)

(9_"‘0—

fmls e ) BsH] zdteso Odzedd o' BtesMmise BN &zO tstc@ (
dOIsdoea O s tOL tcOB t5ls Simpsdats2020F d BBhdn ft0OCIs

quydz" j] BdBce jdeder | Ol tetsL tsdzd ( POA) IstcOHd Yy tsdz
O @sm j tedzr n Ol oL sdz! dg' n BtsH j dzwfrte | X dajsdgl» 1
sdz Lz Isipw o Bsdz M d dzfiffisjotg j AAHEICAD)L 20 detsd d3 diupdsitsh Cot
yowa tsdzd dzj o j todz’ (Donahue et al ., 2009) .
Odzd yj M<dr Ol tesLBdzZj?2 o OlbdisMmW jto] HJ d3ts dzf st
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Otcjdzedd yomsdy sz MetstcO® dzO Wddz' Istej) d/
steB ydw f Otets o &z Wddz stej ) , FCOLT 9 OW dzO
Ldzj 2 (Turpi et al., 2000).

pin
teslswy jdedd Btsdzjj HOOHYOIsd dzjls tcOL B Oo dzvw s h
jtejddy CsiWWdydjdstse or BtesmMtse POA. RrRMY{ sdz
dtetso Odzts fsdzedzj sEydds R OttOSCIsjtetsdz § jtcoa dy
te HYBtse By fsdzzdjskzyddid,
¢ dgjdzjlskzydj. 1 BHEGOLEZA] 90O
8 JG‘B ftosBtsslsB tstedzd & O, ftcj HM
g2, d&tsHjddtekzj d3" o Wz zd (3O M@ Is g s 1f) s @z dzy
sls BsBh jets 5B Jd30 POA.

Pyd lstsd dzj skud BloOd n &OBde drbiftsitz(jtdsds md3r mdzd ¢ OFC
StecOdduj NS qasldtsgidg @) (4 HB ko jteHts2 MOy(d.
CObjetsted?, GhMttelsdiese Odzdz’ & 5 kBT 0 Odzed® dzj bz y

i . [ jlkOds (MO 2 dzjcSd2 [ [u).

i 0. 1 j a3 sOMMMOCY sH [wday Bsdzj Skdr HEs 12 Olstsdl
Bsckls oCdy yols! M o Bdjj bWyjd j kedjosHBE

b [ibzudd BSe Gded wida) Qd jdzd fistzjyn dndsiddzd M VOC) .

iv. 1td&kdjbzyd) teOddyjmSdj MojHddjddv (S
%O SVOC d LVOC (dedLStdzjlskuydj ttcOddyuj msdj

V. 1idkibkzyd) GtcOddujmSdj OftsLtdd dJdd ¢
fMtsjHddzgj gfw (ELVOC) .

Vi. Cdzj3j delsOtede 2 bcedzjtosH dazd yjtede 2 bcdzj ot
L bcedjtsHO My dzjBd "o thH Susszg,] MBS O B dst
CkOmMmd¥ dydekjismy ¢ 0¢ StdOdduj s d2.

sjestedd (i) d (ii1) oMIeHO Ay dts MydlsOls: (074
JiJjded tcOLBOOdzj dedwV d Isj B jteOlskzter . [ftoj H ] dzj &
dzj S Blstste’ = MAzEyoOw-" HOYJ o BORBEOr HAE2 Mist
detsjj H stzj ded Jt Isfsf astec Oded yd ME 5§ MsjHddzj dedj, ¢
jnsSHdIs o §OttstBKOL ds] MthMisswdzedj o BT Ydo
jHjdjddd [ 8 Byl tlsddyOls! mv. g o @Efgkd tc,
PO &6 )Y tej HJ dzwesfigimw ste@ldzd U4 ME dJ M H ddzj dzd
MatYHjddY, ¢ttsdys e usOilz@isaFyf Hjmg @< Jj CdHf
JVO yHS MdH OdBd OL tslsO fted »dz0dzd ydd MmMtsdzdzj ydzetse ts
jestdd (iii) d (iv) GOMfLjHjdvebmy dGiyHE
fjtOkter d Mmjfjdd ©OLBOodZj ded™. [Gtej HJ dzj
Ijr]d30lstgq’sOLstr]W H @dsjj 1 d of dz@stsdiy jiEsugiGoyid. wakd  dzO fi)
H
s

3]
dydz J§ 9 ' B to tizh tzts
BOltedo Osls dn €O
h w f
9 d

j

OLtsdzgy Bl 10] Hts 10 B¢ e/ 3, stftcj HJ dzw 8 Isfr
dzj 2 d&zj skzydmlsd (1 VOC) ( Don ah utetsjeHtfnlsalo.dzw & 2s
2 COwBBBdzs ' Cdmdzsis d Hdzd dzdz" j ydifd
iMmMic¢Ol:mw M [ [uw, LOEC COC dn tfftejHjdzj dzdW d
al ., 2020) ftosOdOdzdL Jeseo Odzd S 4 WWdydy dzls
sotfead olOs o C dz¥ YOV Htcj o j Mddzlz.

djestedd (v) d (vi) d&Bseklk tOMMdOIstcd o Ols! Mw L
jdzr 7 kedzjosHtstesHise d BteeOddyj mMSdr MtsjHddzj
iMsea ®© dL G Ols)cERzIs(iafMiskzy Ols o tj 0¢ydd
sLBdz d" §j] yOfmlsdyr, ftesHEkzSIT 1 IsdEv )icj OO yifhY !
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ko jddujddy dsdjSkdyicds?2 &OfMfr, o shdse dsd B

(Donahue et al ., 2012; Mur phy et al ., 2014)
sMmdetse § dzOMr h jdeder » S tsdeyg destcOyd?2 (v OBdZdyo 3) .

v 0B ZPYOs &ZOMMT dzj sy fisd dzj skydrs stecOddyiNsds Mt

Murphy et al., 2014). A [ [4 dd&zd NMVOC dzgj ESOL Odz
Wy W s s dzOH dsdasy j Mise O], dzOfted Bits, B’ ydzs | VOC d
{fdmOdzd J 0Bt [ JOY OL 5dz utsmisswddj o

Ctsdpyj delsteOyq:
O h j(degove / d
fed 298 K

sO02dyj dedL ¢ ELVOC <32 x10% Yy Ofisd y-
dzj sk yj fyls:

1dL S Ov dzjls LVOC 3.2 x10%i 32 x 10 Jtej dalzh j Milse j
) sdzz dzj sz yd SVOC 32 x10'-32 x 16 sy d/ ddzd ¢OLi

letsdzj ¥ Zlstsyd IVOC 32x1F-32x 16 1 OL BB OV W OLO,
dzj skzyj fyls: s5Cqdfdy jlsmw HI

[ il - >32 x 10 LOLBoOW WOLO

Cdds sBteOL t5d3, BGtcOdzdud MSdJ GCtdeHj dzMdtclzy d3"r 4 ¢
VOC Hts SVOC, CoO¢ fd4teodydzs 4, sO¢ d olststed
OQdzedyui MEdy Ol tecsL sdzd, GPA) COBOYIEBYMSBAHJ qu
MydecOdzdd Htej o mddz , (Akherat. et al .,

dztstetsH ftsH j 6y ON d A oms@@bquﬂqumcﬁmmmwmnwmz
n wBttdiqtetso Odzdw o MtsMisOeaj SOA 9 OB Or

dg" n Ols d3ts figfil jo3g dik) Rl g fpse d B Y dets s MO’
i 5. 10 fjttarn mMOdsd®jkeOr d &jktcOn
ydmeédy ojhjmlse O, -LCGCH dfdes Clat{adiss , to QL] Gooted? j© ds:
ZOY Hjdedj Isj di3fjteOlslzter dffyf t§fiptslasfy lsamMONs) dd D
RZOCts ftotsyj M ttOLBOo dzj dzgdwV tsCOLT™ 90O Is:
i jtOkter, d o BBd "qdhlsej Mdhzyo,
Hy dzZlhdtetseo Odzdz" = o 4 M j Mise . wlyjlsds ¥ J
o9 hdzj2W] orBtesfMse B ZOGSHOtGY ©OL B O dzj

o e @ me
e S AL ©)

oFFFgaornasls o3Faoq
GN-Q—.
T8 &O
len.ﬂﬁ-

o= gE e —
N g 008

ST © X
H_B’Q‘Q—'

39
A1 v-GilsCteOh idzd iy wd' B tdomin S 02020



VOC: Volatile Organic Compound

IVOC: Intermediate Volatil Organic Compound
SVOC: Semi-Volatile Organic Compound
ELVOC: Extremely Low VOC ;
S-: Secondary- VOC, IVOC, S-SVOC,, pP-svoc; :‘_
P-: Primary_ S-SVOC , ELVOC, P-SVOG;

g, p : indexes resp. for gas and particles

VOC, IVOC, S-SVOC,, P-svOC,

0\““9' S-SVOCp, ELVOC, P-SVOC,

e
o‘\‘u““fe‘l}y7

VO, IVOC, P-SVOC,
ELVOC, P-SVOC,

Emissions ¥

Distance from sources

10m 1-10km
NB: A sub category LVOC can be added between ELVOC and SVOC for low volatile organic compounds

t dMEzGstenj BOdUiMit] sfdnMOddh B3HRbDEEH]Y o' BeMSo

vjtesd desdzsedw | VOC B'" dzO 99 jH WO | sdz] J eyt elzizdk
Zylsj dz@ d3j IstsH @dfckd d 5 W3dzte g Waff &5 dedzts B ' dzd fplsiAE B 'C tsedy Isi2
LORoOYyjdeder 3 Wddz' Istesdz Hdzw Ise jtoH™ » yYOMBdY M
(Robinson et al., 2007). [Hd&OS¢B | VOC &Btsckls B
et al ., 1999) . Clsd 1 VOC dsy des tcOMMdzOlstcd 9 Ols
L On o Oyj dz Wddz! stetsds Hdzw yOfmilsdy. r i 2mlsedlsj dz@ oz
sjitdg ccOLBWOLd j SVOCé HA&v tBtLdOYJddwy Isjn

YUd S sets tcOLGteOdzd yj dedvw diyHlz SVOC d | VOC dgj
SVOC, LORoOyjdeder » Wddz' stetsds Hdzv yOfmlsdy, L Ood
Eidztse d 2 ( Isj d3tf jStefO ldsktete 'O daff ydp@nEtellEL O tetsL sdzj 2 ), Ylsk
®iyHE SVOC d |VOC BEkHjls LOadMmjl! ks 1Idn
LOoadMmMdddtsMmiIs! MsHjtey Odzedw SVOC 9o IbojtHB2 WOLJ
(ddzd lsdetsh jdzgdw SVOC/ ( SVB®Q+ Id0@@)z)L CtHls 5 t©c Gdpdiap,
tcd MkzdzC © sy dets MH § dzOIs 9" 9 BH, Ylsts or" Btetsfr Y !
Emdztse d 2, d yofls: or Btostse ¢ DW@IHds thpsty g (fisfits disfls fy iz Is fi
dLe jflsdzr Ctedoe'" j tcOLBOo dzj dzd v , sdzed dBsElzls BT Is!
sYyjd€ d Mesldsh j st Y0 QMY diceintss, Jnfsd LEzw
bj ki jtcOlsktej d dOctekL € GtecOddyj MSs2 &GOMM .
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Dilution Ratio
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t dMEzdesS | stcd3Odzd L S OWzMz Yo' BAsts s o stee Odzed yd M< d n 01 1
LOoadMmd BsMmisd ls dzOctelzL € d ts 19 t6 & Edzeiasgh &) © @i df© 4 tdgs asdzj 2

ssf dzffsg 300 K (Robinson et al., 2007)
1 Gmdetseo j ftojHf sdzsy J dedW, yYlsts ¢ccOLBWOL QR SVOCH
ortsmse, (Robinson et al ., 2007) ftoj HdAY dd

COLBWOLdE j] SVOC/ Iso jtocHtsWOLdzr j SVOC Hdzw EZyjlsO
tcOB IS | sded Mtstse N Jddzd 8 MistsGaidsts sy ddz j2dz18d datawr d:
Ho dc Olssjpdejicdz, H t® Oz@zdzd L Olststetsd3, tfls1l H § L ez dgPds p tizts i ts
fMtcj Hdz] 2 dmskipdzigb o Ow ! mMtstslse jIsMmilse j dzdzts dzO H O dzdk
9" BtcOdzd L dz0y j dzdmjts tsIsldgtbh. j dzcfijlsts 1, 5 dmf sdzt L zJ Ist
dmmdzj Hse OIsj dz' MEdm ctolzf (, L Odzd &3O h 2 Mw  d3tsH J dzg
al., 2012; Chen et al., 2019; Couvidat et al., 2018a, 2018b; Denier van der Gon et al., 2015;
Hodzic et al., 2010; Koo et al., 20I8simpidi et al., 2010; Zhang et al., 2013). (Ots et al., 2016)

ftoj HdzbYy ddzd dBOMh IsOBdJteseo Ols! o7 Btesmr | VOC dzO [
ftoso jH jdader 7 20 EtesHMEB?2 MisOdydd o [ tsdzH sdzj .
Clsd tjLiEkzd O, fikzBdzditsoOdedz | © t©OBKISOR Sch

~nOtOCIsjtedMisdSd or BtosMtse ORjtedSC OdMEdESHED J dff
fcissd@3de dr bttkzHdts | CMHscOf sdzdtetso Ols! dzO Mo to] ¢
OolssisdB d gH dzOC 5, dmf sdz? L 2w dL dBjtej dzedw dzO WtcOC
(Kim et al., 2016) ftdhdzd ¢ oreoetHEZ, ybt ¢t ¥
HdzWw dzj eSCtsoarn OoltsdisBddzj 21 Istsls A SO dyd pdelsz Haj 5
f8SHAtSHI Hdzv o HiNIsOo dzj dzd W  orfiPiglss) e jffridatdc | i) delg distscls
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tczC cosH AP DB tcsMtse L OGwwWLdwvsEhdns ojh jMmlse o
ZOC dZOHT 9 0OjIs JjHddeMmlse j dedzsy BeteOdzd yjdedy dzO ¢ 54
H ts dzy dats ftesdLotsHdIs! Mw O Wddz stej v CoOtePjdads j B
Cst WWdydjdelsr o Btetsmtse dsclzls o ¢ dz¥ yOls! L dzOyj dzd
or MsCdnrn Isj BB jtcOkteOr, O LOSYJ St WWdydj dalsr ¢
Msslsdsh jdY SYOCKEO| tgH 5% OL d&z¥ j SVOC.

stetsdj Iktsets, M odzgjHtejdzdjds MOy jor a Wddz lstetse
Csdzduyjfseats or Btesse BeOddyjMidn Ol oL Sdzj 2
Mtsec dzOMmdets tedMkzdzSz 6, HtsdZY SVOC 9 cOLtsosD WOLJ
fdzd % j ded W dzOdztb j Y Bc@®! oL tsdzj 2 o t©OLBO9 dzw e h j o3

1 kter 2 kZedzj tetsH dsy jIs Blsdsmdls: mw € dzd LSCETR tds zjy d
e kzls o' B @iy oBIEEWMse " 9 Ols! Mw o Ftetsyj Md tOL B!
f sLzimdats ss§ el 3 jO* Mg M dzsC 7)), C0OC tBMEYHO] IsMw

Hdzw OL BlsmsH jtey O dr SOA. cujtcOw LisdzOé ftoj HMI
Colstster §j| dBsekls dzj L ORo0OIlsr 90y Mw &BjIssHJEB2 I
dzj szydd3 ddzd dzj dzj b dePas O @GS isjp@dglz’ = Mistsisdash
BOMMtse " &3 ¢ tsdzy § dals/tc Opiscsds@as® of @ataf e Oo d d dssMisd sk
Is 5 § dzcHoj @Btz Is hie[ECtS@ [Odkz ¥ ¢ St dzv yd ¢ M fopsd @ ded)'q o s
(MCE) Ibtsfdade® (Fortner et al ., 2018) , 0O kOS¢
s Otcp e LisMtso

Increasing volatility and/or lower C numbers

A\ J

The grey zone?

EC BrC SVOC/IVOC NMVOC

| |
L__1 OC/OM
BC1 )

| |
BC2

Condensation

SOA formation

BC1 by thermo-optical or pure thermal methods
BC2 by pure optical methods

bdsSeddsfisdujMSs) s§dmodd) k¢ @isditss st O d R

d m
¢ dzj HEH ONMYOC

{
z

I LOoadmdaistsmisd s yjdd dLdjtejddy Jnfsd Lkssh
Clstster j BN Yydes ftoddzj dgv s Isfqv  Hdzw s j isdtetso Odad W
LHtcOo stsn tcOdzj dad v . Jded ftoj HiNIsOY tey L " g fisNzd § s b &
BjlssHO, dMisd Lkjdsets Hd&Y BYs deS d O tstOL W d Y dsjiok
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CtsdzH j dzfdtelz d3" J odsj " jj Es@dsBf ztg) toj dzd v (v OB dzd YO
Il sLHj2Mdsdii MSdr wWodzjdzd?2 BT dzs ftetsd dzdzt lstetcts o
GHJ B' &z ©OLt©OBBISOdz  tstelsOlsdo dz” 2 tcOL B Qo dzw & h
OlL etsL Bdzj 2 Bl MsOydodzOtedzr =  Btse d dz' dzos§ ted Myls 5y d
MY deOddd HEOaSigddiz) tEtspdz? dzts Slsd3j yd dets kg tej
(13%) ftcd Ekeojdzdyjddd So1 WWdydjdasO tOL B OO dzj C

LdzOydlsj dz' detsy Mmdedy jdzedy d2O0 37% (M 22zjw€EBH3I9 o3
HJL JRBOdzZssdisp fdz o j dzd yd dzedd Ss4 WW¥W dydj dzls©O tcOL B |
vOCYJ BN dzts L OWdE¢ Mdststy Odigts dz'dp tdas M 5§ alzdgtec Oef 5 M S
Mo dHjlsj dz2 Mise kz nis tc asy daagdedw @dz§ wJ MSCdn o jh jMmlse
otej &3 dzgd HtojB" 9 Oded W Hdzw CtsdzH § dzlmOyd d, Ylsts tsa
stecOdzdyd MSdrn MjHddzj dzd?2 ©® cOLtoa?2 WOLJ ftod o
WL o00Oyder 7 o" atsHBBO, fMHJj &ZzOdzdz" = ( Gi echaski el
Cdt JezteOydd ©OLBOodWs h jets fesBtsslsBstedzd SO ( o
fJtcd HOU daclej dz¢ tcOL B OB gz dftsde¥ J e 2teOyd d Hisf ZMm¢
LOCtsdztsH Ols j dz' Milse tsd) HdzW dislstsyd S dzO MmilsOdzH Otels O
tcj Odzr dz' = o' BtesMmMtse IsejtH'™ a YyoOMmlsdy dBslstsyd s dz0 (
ctslsCter sts2e CdWdekzteOydd. 1 @6 tog gsd@jvj Cdefdet Sddejlz te®!
so jtoH™ 7 wANsEqdztxdgj e ©yd d (30%), SH d&zOC 5, Yls ts
LdzOydlsjdz' des Btsdzj j of MsCdd3 BN o[d3 o ' B feEstindjdzj y O
yd @3 20 fswv-HBCHPMBEBYdd tMjoeh dr KRObLEadase o
tcOLBOofisdzdmody jdedd dzO orf MsC 52 MmEstctygmlsiyf tcj dz
9" BtosMise gyl § lizsislsH O O L di3f B jiped dsfgfisty dzdLj s o O dzd
BBj ssH O M3 " d o Oded W dzj { sfMtcj HMise j dgdzs Bk o' 7 dzfs
CsdzW JeztcOydw ddzd btets2dzd ¢ Hdzw Mmd3j h do Oded v ) .
Stack SP SPC DT DS Ambient
DR <10 DR > 100 DR > 10 000
T<50° T<25° T<25°
voo voc Q“ voC D“ voc D‘ voC D voc
& 5 % o i 2
I a3
O,H,N, S L
(Organic) in Cond ** at sampling™** &
co(r?drg::iacllles Condensables c %
volatile Condensables o}
(0C) at 160°C undiluted at 0°C Duutig-rl:mnel DS gn;i ssag:s"é
= Solid particles | [Dilution sampling S e i
sampled in cold = Solid particles v

sligthly diluted sampled in cold

flue gas highly diluted
flue gas e
DT=SPC+fC s
(f$1) DS=SPC+fC o
(fS1)

PM +VOC Filter 160°C Filter + Impinger Dilution Tunnel  Cold Dilution Ambient
tdmkz&sCutcOodzj dzdj BlBBtcO® fftesB vy M vy © BCtkzy Osh j
Addz ste ([ jlstsH a), Ctbtstr?2 ftedeotsHdl [C ).dP&G) o) dzd ©
Addz ste + dRfddzyjte (fjbtsH b), Ctbktte'?2 ftedesHdls
CBdeH § demdtelzj 3" = o M julptizez) WO B@)o. deif Gds*sH  c) M Isdf§ dn
Cst WWdydj dalstsds tOLBOO dzj dzgd¥ (DR) fstWHSO 10, Sl
9 Cdzg yow SPC d BBdzr hddgmlsets ddzd oM CtdeH j dzmdtelzj d3r §
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dzj dddetscts o3 dz' M j -L OPJ s j dyddudz! dets  dzj § sdzdzts?2  C tsdzH § dzf
Ct WWdydjdsO wOLBOodzj dzgdw d Isj B jeOlskter ftotsBiSESISB ¢
ktsd €5 Isj &k jwOktcl, Iz  d L @ Otewyu @ds daky. DS O jiAj s
{OLBOodws h 2 fsetssketsteddS M orMsCdd SsifY¥dyd) d
dtzdB3B3Otedz” j] Iso jtoin" §d Q@BMOgdC &5, ftodmizlsmisoakze hdj o ¢t
9 Cdzg yow SP d eolststedyds jJ S®A GG y J fsSsdsjd Y@z t¢ s Listisdzdd dZd L
Ol tetsL tsdzd , Msmistswh dj dL CtodgH j defpdtelz j d3" = SOA N j Mise

sBteOLEs N drafw o twjLEzd O] oltstcdyds = toj OCyd2, Is ©
* 30 d Hibked] ©OMsotstdd j ¢ BISEtss®EO EEdsdc s - dd
cOflso stewils! MW o dd&fddzHy j©OR. **] Mmkkyd] GftejHj dj
(TOC) o ddBfddzHy j teOr dBOMMO O, H, N, S d Htkzedr {c
CtodeH j el j 5" & o jh jMlse OF, Hedy &0 kydl' o Ols! Mw slsH
Clstster j wodws sy  ydHSdABd ddzd lsejtH' & f tod

ST sHEEEBHYN Y GQHO] Okt ©CtkyOsh j2 MjH' , dats
ftcd ®lBtcjL Of teisdBj daf " j dzgdese s f Oteyd Odz! desects H O9 dzj dzd v
sCtelzy O h j 2.

) tsBdzj BO StsdgH j defdielzj o' & o jh jMmlse CtdlsdydO H dv
1JHO9dzs 9 t©OMRE On dOZzydksets ftesj SBPOEB D dz¢ Py j miks
o) B dedesets d3j SsHO IsjMmisdtetso Oded™ Iseo jteH™ 7 YOMmlsc
quzJBtGOBBUqubNJddef" MdMmlsj &3 dzO HtcjojMmddsy (Kau:
ROMIstswh j | otejdw tojSCtdjdHso Odz o8 S OYjMilsej Isjml
pjHjlMY ftsjCls a;mqwqcouqq Hazw fsHIso jtoy Hj dad W
skBstcO fRME dJEMGP NS3058 ( slidazdeddizs @ & dzjdd@] v
ftcso jHjdgdes] © t0ORBCOR IjCkMj2 1 CMYjtcod dzj dals Odz! «
qLBjtjdedzr j] f] fBsh i¥0BISkahf 11 HOslsgbh 14 &S/ |
BjlssHBRIMEN t OL &z yd® o0Ok! dqisks sfw &ls 2 HE 60
flowL Odgs ) CtsdeH j defdelzj dsr &8 o j M j Mise Odd .

[ dzv  d dzdzt isteOydd MmMdzsy detsmilsd wWodzj dzd?2, ftetsdMmn sHW
al ., 2018) dmf sdz! L s Odzd ¢ OL P tc Bis HA tdfdE@BIsyIcaia
QdzOdzd L O, fMtsy Hﬂm @zldztfs@dﬁnlstd@daff]@*,[tﬁ)tsL tfoitg H2C ¢ TuA Glzdz”
OsdismMiW j odes?2 € Od3d ClkO EMlsOdatse COs L fHIY L2 afipisclrvd jj Is
Edzse 2 McetsteOded W q’ O @MW jcdzse s MisOtcj dedw  d
Ol oL sdzj 2, B®BWKOLEZE MR MW l]’teo[ My deOdedd B dtsdz0MmMm
ftejHMlsOoadzw jIs tojL zdz IsOIst sdr dMmMmdzj Hiseo Odzed 2, ¢
sBtcOL o Odzgd MSC B Odztp3L s5dzj 2 ( OA) dzOdetsdzj j o j dzgd
sBEMmdzso dzj dzts B e fijjlsdsf Sz M idAejjid3 Htsdzd  j teo d ydzr n
Ol tetsL sdzj 2 . Clsd tjLEkd sOIsr Mse dzOMmize Isfmw )  HC
fsCOL" 90Cldst W W3] dlssiyjsOC Isd o dz' A CdMmdztstctsH dg' n
(EFROS)f tod f dzsmndrm EfmMdzcedwrn MceS&OdzE®L B otz j § to dLd3d
sflsd zOdz! dzr rv OEfydes o(dvord r os et al ., 2020) € OL
3 deOdd™ BdsBOMM" , { 5H o)tead foig jivh joffdsionj jdadagflkodd “te
NOs) , Bf Mistets Wit dtekzs s ©CdMmMdzj dedz" § tstec Odzd yd M¢<
Emdzsa @ ez ME sdz' €5 yYyOfmtse d BJL Msdzdgj ydesets Mo j Is
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vOB&zgyoOt JLE B 1 ECMYijteddid dzsse d bkEmdzse d2 o SOGMd] tcJ
esdiise j dzdL Oydd d MmbsoOsBdddL Oydd) . MJIE) sigy zOQaxg
stsf dzd o Oi,cBTTHE MtsH jty Oded] kcdzj oRAIB)iIcsSHEBS® (Bertrand

LW SCf MCE N *¢BC .poa MOA  *NOX 1 c/nox  Cresol/NOx
g gﬁiGb—} (o { e &S ¢ B3¢ ¢ ppb opb/ppb ppb/ppb
1 0,85 6 17 122 495 98 315  11x10!
t ]1 IIZ{Q 2 0,84 7 12 177 785 252 269  11x10!
Hiese @ 3 0,83 7 71 388 90 385 12 x10!
4 0,91 8 10 72 128 77 27x102
5 0,80 7 5 41 143 50 472 1,2 x 10
Viw e 0,87 7 13 38 202 119 181 50 x 10
,g ;Zi o7 0,82 6 6 45 289 114 243 72x102
8 0,90 7 4 9 53 80 196 4,5 x 102
Liw O 0,97 5 107 10 19 161 52  12x10°
(1 j czdt 10 0,97 6 130 10 19 205 58 47 x10
qL 11 0,97 5 144 10 22 228 59  35x10°
noBs?2d
ltod 3 WOdpddz@yd ded v dL B te dz’ dej f sMtej Hinlso j dedes ¢ jtejH o Cdz¥ yj ded.
Jdzsj ctedteso Odzdz’ 03 oatsLHj2Mlsadjd OH = 5 1 10 BsdjSkzd fd | u.

sOC MiskpHO] BB K18/ji cent e and Al ves, 2018) , ¢ tsd
o' Btesmse, ftoj HMIsOo dzj dzdzOW o Mdzj HEZE P dr ©OL HJ dzO
£ dmistsydzd ¢ O, Colstster 2 tsB" Yydets Br d&zO) H Oz HTES
fsHO jtce Odzinw d3d dzd d©z3O dz! dats 3z dzdiets.Is ts - [ B3 3@ NS tpditiz
dimmdzi Hse Odzd?2 BT dzs Y tsfmowh jdats BBEKGOBESISEC] o7 Bt
SBWOL A, HOdd j] H&v IsjmMisditss Oddv ddzd 56 te0dzd

WslssniddBdd HT BO o jf)l KO BewOddyjd . Atkshdds
L dz2Oyddgig diiz tsB tc OL SIOA dzd[¥ d hdzts odzjrB tsdz! h OWSOABEIs Is 1 Isd -
Brls! tBi Whdaj 20 ) dMisd LseOdedj 5 Mo te] d3j dzde T
Ol tetsL tsdzj 2 d dL d3j toj dzdz’ oy {ftdeq) fif flzQo¥Sstls ts bl tecCR{HR]) i) iz

BsH j dzj 2, Cslstster § wo des wIsfydzi ¥ do O ls tcOMy toj H
stec Odzd yd M& dn odhjMmlse, o ¢ dzg yow o sHBtcOMise steo
dLd3j tej dzedwV dsd, o' § Sdzdzj dzdz" d&3d M f§ scEtsh + ¥ dzOBtstc O
dimf sdz' L s9 Odgf s OB O mdet al ., 2016). [ dv Ekfmls

ftesh JHN dd3 Ptefhds) daddpde hyac j dedz” 3 O6,Gtp faizls da®) Qo) d3c
SVOC WdijyHE cOLtsots? d ko jtoHts? WOLOdRd &BsHj dzd
Ol tetsL Sdz! dgs?2 BSHjdzd. tjLEzdz sOIst BsH ] dzd tetso Odzd v
fcLotsdzwels fsdwis! oLOddsmMoawL: d&jyHE otc] d3j dai O3
WOLQRzd ECOLT 90¢ s, Yyss ~OOCIsjtedzsy otcj d3Ww H dzW
tcQo dztso J MdWw BiYHE ccOLBats?2 d ko jtoHB2 u@Od B3I ¢
sBteOL B8d3, JMmdzd otej 3w, Htesh juhjj Mz o' BtesMO
sMmisdy j dzdv t©Oo dgse j ifd W, SVOC 9 cOLtsats?2 WOLJ
OLBs2. ClIsts ftedotsHdls Co 'lsgdslizj LSS SB)s @rdz] BMY H B dz
OLj It MOodzj dedt M ByYyj ZC ORI Isjtstedd tcOo dzso |
Odzdy j dzed¥ or BtetsMse OC, JjfMmdzd Eydlsr 9 Ols: Istsdzt € t
COLBosBYy @y Os Isw s Isjtstedd tOodese j Mdw.

r = 3= I
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3549 jtalbtsdzS dd yYOMmIsdy"

o jtonlstsdz¢ dj YOO tSUBRY f Ol tosH d dORd yd MS d d
deds) ddzd d3j dz' M iy jly diPisfifisjtipls oo tsB dZOMisd B j Mise ]
tcOMmisils B M Cts] dddesmistsffjists W dzd jSHiREES)HEH. \© 1 U ARt
ZO dr dzi Btsdz' h 52, tdQedd3] Hots dgfd daf@figffls s ydmdze yo
osLHEZA]. [MBlkE LOBBYJ ddesfls! o7 L " aOezs dztfh §f st
slsHj &z dzjeSdr (Odz o jtsdz) d BBRtsHdI! fjtce dyds
1 tsdzj | IssG ts, UFP dd3j ¢ Is Bdz! h Iz ftsojton datsfyls
LdzOydlsj dzt detsjy Stodzdyd mlsets IktsSmdydse = Btee Oded yj M
LWW R HsStetso ! | v yodardom@®@Mists Mow L Odzr M WteOCydJ 2
MY de Odegw 6 Ispw sMmdzse dzr 3 dMmistsyded $ Odsd UFP ( Cor s

10 pm (Coarse) 2.5 um (Fine) 0.1 pm (Ultrafine)

Total mass. 1 1 1

Particle number: 1 64 1,000,000

o T 1 0.0625 0.0001

'Total surface area ’
per mass 1 4 100

* Filtered in proximal |+ Reaches peripheral || Higher adsorbed toxic
airway airway material on surface

» May irritate skin, « Cannot enter * May enter systemic
mucosa systemic circulation circulation

s C wtcOo dealzdf OHd  Soy@EHFEYMISEOL detse s HJOMI StcO.
fskzOcOjl, vyt ofmj yOMmlsdy' o COyHB2 COkjcettdd
OC ok fdaslkdshmis: dd ftoiHMlsOodzj dz@ BHJAROC B 52

OH ! fso jterndztsisd Ctokztf dz 7 WIMYQS § osdy scizded dats
i dzr sldtsfdlsj dz dats Stk dzs2 yYOMmlsdyr . i tsdz h Ow
d 9 CtosOBtddUpddz] j L ZOyddr » MmMots2MmMlse O |
8 n BtdzjJ bCdyd 3d 5 MtcOodzj ded® ) B s5dz

N T oot (f ot
N8 8QTH

o
o

OHMN nOdedd Mo jternlssdeC djy yomlsdyr (UFP) fm or fy
O jdzt dzr | flsd HB Odz' 9 jtsdz B dzOGtsH OteWw Mo tsj A3z
SHBdz] 9 O] IS¢ Gofdef dzdpstelriztedztse Otc! jto d By jls tcOMY tof
JL fuzizy | dags[indgjj dgdzts O 1 Ists?2 tshtsB j dzdetsfylsd UFPs
sdzj 9 Oded v, MowLOdgder | M eoetsLHj2Mmlsadjdz PM, d
stesd3j btets, Mydlsojlsmw, ylsts WFRP deas degjtgjdz’ & 1jC
jdzt des?2 Htseojtrndesmisd (tsBh j2 fdzshOHd ftso jtenc
sh OH! fsojtordesmisd d or MsCOwW tj OCIsdo datsfls
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L OHOdzedes?2 dBOMMj vy, BB hjj SdZdyj mMsets f OMde
Colstster | dsckls orLro0Ol! CdMmdzdlsj dz dzr 2 fMilstej i

10 9" aHy dL o0& lds d3eHsddz Isac zot I8 s s dfyi©gdf- fndi) fPd3
Bsckl BT Mistes L dsjdgvls: Mw ddzd dMmyujL Ol o tjlL kzd
d CtOckdvydd, shsejddzss HoY MOBR 7 & &Sde vy
dzj e e Odzdteji g Y fiGfpedd % Ols, dzdlstcOls, OdBsdd?2) d
Bsy s Brils: eoalbtstedydz &3 dMmistsydzd Ctsd3 UFP ( Bessagn
[ OL dgyCdn I8 10 0  deds W o dzV j Isfw  dzd 3 dadods Sfftads)tsitg txirks d3y QfrpflsC
sBr Yydes dd3j¥ls dzgOdetsdzr M jj otej B dzOrtsyHjdedW o (
0,1 &S Hts 1 &S | Lltsds HJOfOLtsdzj f§tetsyjf
LWWjClksde d & .

36 [BLiSte o' BtesmMisesoy istc®@uzOsy [ [ [}

]l cdzsBOdz detsdz BBOMhIsOB ] o' BtetsMr vy o hdase dzsd:
9 Cdzg yow L dzOydlsjdzt dz" 2 9C dzOH or BtotsMtse BGls BT Ists
(KI'i mont et al., 2017) (vOBd&ZJYyO 5).

vOB d&zcpyOud j CIststcOdz! dzr j of Btetsfmr seo jteH™ 7 yoOmlsdy o 20
( KI'i mont et al ., 2017) . (a) 1 dzOyJ dzq v ftcj HMIsOo
HgOY OL sdzts o, ECOLOdzdz" = o9 (Stettler et al . | 2013;
fsltgijddy ksfddoO® d HJOfOLtsdse St WWdyd) dstse o' Bt
BJL BEYydilO MydecOdedw Mmjdzt MEtsatsLw2Mmise jdzder = lsntsHtso,
CObjcmtgdid MC 5] § 5020 f)Hzdth datyo OTRM (tatabparticulate matter);
HOdzdz" | 1§ SGEED tslsfizlsHnjlsip'z ttfistc j Hf s5dzO G O] MW b fip'Odry @z tzd ts
(Randerson et al ., 2017) Hd&v f(thdazjHdz 2 ojtemdd GF

U Yio U Y25 UV Y UL Ov OM
g4jdz MEtsy RtsL 6555 3848 2883 337 1313 2364
IrTlssoetsy My dce 23078 21857 20742 4163 8852 15329
l tetsd3r h dzj dedz’ § 12162 8340 4135 462 633 823

stekfdz j My dce 11561 6420 3812 136 164 248
EmsOdztso § d

1Li%lk:, coL, 1706 571 412 226 93 120
st Odzi f Hstistists y dzr 3339 2925 2524 1349 1116 1451
CteOdh oA e stets 861 823 795 363 217 283
[SRtHT 1388 1272 876 97 751 977

[ i HEZRZOWGESH dats 1856 1758 1612 120 398 517
mMkHtsr BHMIse 5

[ iy HE ROt H dd 30 30 28 10 10 13
| dztsB Odz! dz" J 62537 47843 37819 7264 13548 22125
Odzls o s f 56 fi) Kzezy

1ty Ototg @4 48207 33014 33014 2268 19489 31363
fn 0o FPdzdz

| dzsB Odz! dgf 2 d 110744 80858 70834 9532 33037 53489
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tOdzO~ [ w28 tsMdatse dz' d3 d Mip ¢ © Qeded s dsalpy @l s o
Slststc’ Bty ezz 2 SIsg Ok Biclsts] MY deOdzedy B©lsatsH
d ddL ] Mo @EH j 2§ PObLiodts Hdzv M Clsste(
Zdes¢ 11). GClsts Mstslsdesh jdzdj, tOoadesy 10%, M
o tEEA)(skyenen d Trozi, 2019; KIlimont d Ht. ,
BSBls ddLCd?2 SigdzSdz@dzgdindgldzj Htso Odzdw s ( Al ves
ndes d Hte. , 2011, Gon-alves d Hts. 2 (
dydj dzlsse o' Btesmtse, SClstster 2 Izuq’lsfa@;ls ¢t
mMmr sO¢ 2 co¢ Htcj 9 J d dzO, " Bfiptistinfisdh | Isfls o L
odzv jIs 74 ¢/ |1 BEA € ls dzCiddzjClstipts H figl€ D) O dzts :

dzZhdtelkzj &3 § St sdzj dzlsr, COC YdHOJIsMmw, dz
O qLdiajtejdedw Istsdzr €58 Wddz' Istelzj d&3r = yoOMmilsdy d
j da
n
dz!

Q. .0
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n
t
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H
s
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a
t
0
O
J
H

74 G/ 11 HdzW Yve. v O0Cdd3 GeddDLas@, Is J fr
mMdekzjdk j ojhjMmlse O, Bsy dets ) dHOIs! L Odzd
tos d | NERI S, 2018) §HYJ s do PN, yls ts
tBlazOvtelz y d o O j Isfqw o Cwkfdzr » yYyoOMmsdyorn, orf
sOdzeso S OB, d 1 Ists sy I8 toffistdnde jvfiglsd ¢ dzgj HissYJ o
OB dzG:yQ J Btizso dz' » M splEbsze yYjtocdzse s kedzj ssHO o M

S tSH 1 Od d3j dzts o O dzd J

1Adbi s sBBzdZOd dr 2 ) C lddds O die@yld & dz0 6 dz j

1A3bi [ Btetsy dgr 2 ItcOdhf stcls: dzjcSsor j OolstsdisE

5C2 [Ctr stsj] MYydeOdzdj BRGHBS

11B [iffdy | &30’ (fdHd j)

1IA3d(i) [ jYHE dzOtetsH dzr j o dzizls thyjsdgaed jj dafsH dz j f klsc

1Adcii djd MSts] RtLw?2fise ts/ o tdasd i lEdsts v 2 dndg jp Hsts
ktcOdzmy Bwl§defjsoe © d Htbkcedj d5j 8 OdedL dsr

1A3bii [ Sty dF 2 bOdhf stls: HBREEN] Gkl ds § s Micj

1A3biIi [ Sy d 2 ISkctOOxE fststsls dzs js dd e SR ME®x@ L 5§ S H

1A2qvii 8 lsOyd sdzOtedz j d Mlistsyded Ssd e dOdsO dedoe h g 2t
f totsd3r " dzj degiEstdidsddls jJdzR Bless i J dz! dzf | EMmlsOdatso

1A2qvii v lsOyddzOtedz | dMlssyded$d My decOdedw o sk
ot h dzj dzdzatsfyls d :d fidstdeusidils 4 dz! fyls o §
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dikzdsC [WdydOd d j o' BetsMr o MsttOdOR (428 LO 201

H
GfSH (1@ d dzd [ Gy d Hnd&zduv Y ( dzs yy O W Mk i3z B J daL
§- )

{
) 96
BjdL5(B) Wk 5tcOdzls j dzO, Bjdol 5( S0 S e PdB) dzOf 5 s fif dat
M € Is = tagds J dzld & di) d3. vsOBd&Zdykz 6) . 4] Clstster cOMmMYf sdztsy j d
sBl jd@Bse or BtesMtse vyuv, ©OMMyUdlsOdzdzr = s BOLJ HOdzdz =
Y U/ wsy
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t dmMziisC utsclsdetsh j degti flzvy BN dydOdz dz" = or BtetsMmise o MlstcOd
tcOMmMmMyudlsOdedzts j fd [BHEMEP/CEIB, @A20) ~
e dcOdzd] sfalsEzOEEBROPL P BHdd 00)d 2 MjSkite ¢
l]’telsd3fhdzjdzdzlsfrjlscf. Cltsls ff tetsyjody Hig @ BaBo & QlFdIBO Is dz@
O Isdud MEdr-LBj e tsdL L MistcOdz, ZyoOmlse zs h d=
weodw jlsfmw Bl jSCItsdg dMMmMdzj Hso OdzgdwY o 1 Istsdyz tslsyj sy
B3d MisstesyHjdzd?2, ©OSCdrn C€0OC Isj, vyt dORtsHWISMw (

49
A1 v-GilsCteOh idzd iy wd' B tdomin S 02020



o dE@eWEsHp s fiPteC Isd yj MSdr toj ¢ d 5dBRW o(d@hjds e t
Yygdtsdedzr d@3 i3 ssHisd3 EZlsddzdL Oydd cOL tssBtcOL dzr -
dzdw dzO BB j S IsOR HtsB ' wdoO dis l9fyiAdsjidsediyils Clsdic pjt
G2 dqdaWtcOfmistczC Iskzter @ dz¥s O Isxe O dzfy fizts to 14 dfatg t510tCIsd
sMisd dLB'" Issydese s HOo dzj dzd(Muarg arfd Bus 2916). dzj dzdzts
stew dz2O f sMmistswdzder j o' BtosMr yYuv eoB@HE[Ld o j
Is doytg Lt jsyfipls o digje W L Odzdztsy M) L Isdd3 ftetsyd Mtsds,
et al ., 2019) ftejHfmsOo Gy it § dzdL ®asQ di)
j &3F dBSHJ Zdtese Odzgdw ) J gz, oS dzg yoOEh j2 WL
Y ded i o' GRcstpsiols vywB i &idn dzd Is ¢ L dz2Oydlsj dz¢ dzlz
' Il s iymS dsds " qieslsOrn MY sMtseMmiseazs Is
O2tdzj dMlstsydzed SO or Btosmtse, Mt dzdets o j Mdats?
YU Ists dzsC Odz! desy Ytslsjfdzijdedd or L™ 90jls EHOdM dadz .
Is Ow dzd © BsteMS st dz HO o o t6Gls gz isOsdz 5 TninCiz H
fsCOL" 908 ls, Yybsts tojcedtdzOdz detsy dL d3j dgj dzdj Odzlsts
M st dets dL d3j ded Is Isj i3 j cOlskztcz o ¢tSilsdSj o
Ol L Bdzj 2, YyjtejL LOJOLHT 908N WdrduyuimSdg
RMfdzj Hise Odad j dang ®u0 Ppism@dzt) saite s’ Yu o Ol
toj ctsdzOn Mmjojtedsj j 60 A toff W tcgtRiA ks @&tadpe ethld | ¢/ ¢
2010) d 8B dsd/dferdz@dlsE Mt sdz! L so Oded j 53 MY ks dzd € t5¢
HdzW L Of tsdzdzgj dgdWv ftotsB j dZ5OH Odisictetsndzp H dEJCIL | & 8 E &3
CkdBOIdUjMSde d COyjMmisejdde & oBLH@E Wy Odzstsh ¢ J
94 h pmdeydlsr 9 Ojls o' BtotGiF(Stonetal., ZB)Y L Odadz" j M

Clstsls HtsCkd3j dels, ftsHetslsoadzj dzdzr 2 A4 vCl, tnoOlsr
Brlstsoer j ftodetster Hdzw MydqeOdzedw IsojtcH™ a o9dHBO

MYdeOdzdw Iseo jteH" Ay def@dzdhj Istfstf thidrls @E.G[ts] 'GEOte ©OM o WU G
MEHtsrBHMIse © Mo j N j dgr ) dzf E @ dsdzfsdgW Msds2y J 1B §s € K dgd
sindduyimMédds B tcOB HIzY MsCtOh jddw or Btotsfitse L C
MzH s BHMIEOBA2 0 ). tsH O

 sCldsd dzgs s MsCtwwOh jdzdes orf BtesMmtse ff tod
fsHeBIstsodzj dgdzr 2 A4 v Cl, dOAtSHdIMwYw o

TRITOGGIT g R IO
o OFFrOI

FooOg-= Xg§o
§ NI TOFT0O20

OCeNS—~ T FTasSn -
foX
n
Q—

) d ¢ O dac
OLtcOB IS¢

37 usfklsmlsoabks hdj of ¢&@Y | @ gEadwzt O d
fsfdzj Hilso 2 dL B dzgj ded™ €C dzd BOO yj teg L

14JHOodzd?2 9CZOH 9 BBLBEK | JbiBBeMitets fBlststs
i MsCteOh jdzd¥ orBESMSse vy d yuvu (ECE, 2020)
or BtesMse yuv ofmj jhj tMisOos smw dzj sf tej HJ dzj dadz" dzd
dzj Btsdz! h dj dL d3j dzj ded v ) i sdzlz yJ dedz" j L Edz Is
LOCtsdesH O j dz' Mlse 2, MxYtt®fv, dzGdg fifditdsks tzm & o Is §5 ¥ dzts dzts
mMsf zlsmise 28 hq’d3q‘fr]135fnfls®tsrq®d3q73% d 79% MmMtslse jlIsMmise
1 steoa jeédd, zoj2yoOtedd d | jdzdSsBtedlsOdzdd o f jtedts
1Isd fs¢C0OLOjdd MoMisOoawls 36% d 64%, O o tjcdt:
i39%  73% Mmttslse jlsMise jdedzs. | fls tc O dgdW L [Oulzists fifydzl
odz] HipgAIEfp ' 7 EMlsOdeso ¢ (8 Cdz¢ yow § j uyd dzO  j dzdz]
BrfrIstso’" n 4 UdPOCH J ¢ IO di3 ¥ OCIsstetsdy wWodzw e Isfpw
sjrdsdzcedd o' ndzsfdzg" = MdMmlsjdg Hdzw HIL jdz dzg" 7 s
[IsdesmdIls dz dz" | Ijrndesdzsedd M M kzlsmMisokzs h dd&3d or
o' BtiecsmMse ©OC IsO&Y du yHdzv Y U ; LIsts Isjrndsdzsedd
HdL jdzt dz@r = HeadcecObjdwr d dMftsd LtseOddj of MsC s
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tesdzd Mdets?2 Isj mndesdzse dj 2 o kzfiglds@dsts offS jdtc JHsdZY Wep'd
dzts o . 4o jton HJ2Mkoksh jets L OCtdetsHOIlsj dzv Miso (
sdzscdd, C(slstwrj HBsyds dmftsd Lo Ols! HA&Y H
{MsOeoh djMmw OBMsde Isds’ | Is ~ datsdztselaf d5 9hipo M f
dzyd OdzO ts eed O fy judzdis tsdsro gj tistifilst® g dasias . |
M sdz L so OdzdWY HtcjojMmMdese s Istsf dzd 9 O
r LO fMmujl ko jdzdyj deqw 9 dzj Htcj ded W dzts o T
' 100% 1+ WWJjClsdo desfmisd L Cdf ta]tdsos@®dzd O
Yd?2, dso' s EMOdseotst o HB®RBSAtL W3
dz' stetse HddzW Mmdady jdedw or BtesMmtse (ted
tod® . Ujndesdzse dd fr] slsdetsd s j dz@ dz" o3 fts
dlsj ddz' dptss 2 dzjtfststds j dzy d O dz, 9 I eotjdiv GCOC Is
shesotslsu vf totsd3r h dzj dz.dz n ftesyj Mifpse COdid dzts o
" hdzj dzde” = fJ UOR WodzWs IsfW dzOdBtSdz § L dOYd B

rdzv  kedzyh jddy StBEkzddSoydd d
cOL tcOBBISEC O ftesfmisr A B sted i MS d fsCOLOlsj dzj 2
«WGEdzj tesH deset>( B FOovYprint), HtojHddsyjddets?2 o (
MisOls! | tc&U a3z O HsaE. 3 Bda Bdzdls Mt q’a(DLsJ tc OL dzc
orBtosmtse yuv d Ektsedzd Ctdeyj dzlstceOyd?2 vyvuv 9o Olsdz
59
d

¥ stBd e Oded W
H
O

sBMkzyte@®ls'Hj 2o dgO ¢ dzd BZOIs, L HiSte J q’ COoyd fm
Pedzj SdMmMdzs gz, cOlstz KICHDj Is ff sdzj L dz' o dzfny Is d34 dzls s a3
d ByjdSd dr fomdziHmlsad?2, O OS] §GBHHjtYCd &
MsCteOh jdeds o' Btetsmtsea vy uvu.

qfr]lzdztsQ 12 du (Samset et al ., 2020) H
B sdzj dzels O s MteOodgj dzds M Lk
JCIsO Mmdedy jdedw o BletsMmiso . ¢
J BYRjdaECriddaficr o f 6l jOtd GBH L d 59
H ~ 9'BEtsmMse (9 d3d GOlBSdzdzOR) . 1 OL
j i3 dzd @3 Hteswodzj dedw 1 WWJiClsO: Btsdzj j Stokzf dz" j
weodzj ded J . Cltsls OdzOdzd LB ' iy icls & fstc ¥ imds)jdsB@ 15 aizd
BOdMz dztsets ftslsjtf dzj dedw yJ dzpftstsesth)@-aztyydgisfp®v &t
HO tsdzd dzj M kzlsmise 2y)ls ot wpdiBsthOads, 2 dzOM Mejddly tes
Cddy Ists 34 otejd3wW, dzgjHOoOdzdj dMMmdzi Hise Odzed Vv,
©
te
d

J d3ts dzf
fnd dzd
IstsIs

fn

LOdzd, ults Mmdzdy j dedj Isj i3 j teOffstzde’ Mip Bt @zLdad c
sftso YU sSCOL" 90] Ismw  Mdz@Emjcjs,HY Yjdds s3edEsa
Oydodesc s o thzOH 9 I B azf? etOdz@yd ObdBsMW j tor
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t dmzd@sC 1 slsj dzy@@o dzj dedd fm bkMmddzdw d HdY MW ey ddw
LOGtY L dgv ¥ I d Sansgt et gl.inde20)

[ dzv dfmdzg ssdz®gede” = Myj zOtedjo BEHEMjets SOy Mise
otLH]2Msodg® d&@MJ dzj dzd J , Cslstster § OfmMmMsyddtokzs Isf
fsmdzj Himlsedwdzd HzW LHBtS I W, (Amann et al .,

Myj zOtcdjo orBtesmMse HEB 2040 GEtSHO dO ¢ dztse Odz!
feddWissds fEklsd 1 ¢ datsdzd ydshipiztS dstiz to dg tlfpls © ¢ Siifs datg dgds
dL d3j dzgj ded W &3, 4 Isd fMmyj Otdd Bl jHdd ¢l t©OL d(d
fsdzdlsdyd MSdr BB A&OMIsw L, ¢ ts5lsotdsLjH jthfHs ol itz O dzy d q
L OG W L dzgj dzd W oftsLHERO, O d d3j dzdzts: (a) 1 dzj t6G §
M dz MEsAaBLW2Mise j dzdzOW fsdzdlsd¢ 0O, (c) My jydo
LOGtWLdgj dedWw. wyJ dzOted?2 c¢cvydfilsr2 esLHEZREe dqLEYO,
ydmssebrn®tseats oafmjds dddtcy fElsjd MsyjlsOdedw HOdz &
o d3j " Olsjdzt Mlse © yYdlsr tcoj n Bd&zOMmlsw 7 : (i) bttOHdYyY
otsSLHER O, (i) L dgjtec jIsdyj mM¢ow d Cdzd BOIsdyj M¢S
fsdzdlsdC O, (inbkp jtladOrwsdtsdzdlsdS O. | yOmlsdesfilsd,
odzgjHtcjdzdj dzEyh dr bjrndtdtsecd?2 SC(tdstttsdy or Btts
tor dz2CJj, O IOCYyJ tjOddL Oyds OdBBdydtsL dzr n f tsdzd s«
2020) , f sd3d 3 k dzlz jlizfseed € O L § thadsicas'™3Yj | Yy L Histotso !
Bd&zOG st sdzz wpdnjsB j dedets o ctstosH MCUBl s@@QmdzQr G (shcustt
dzOfJ dzj dzdz’)J, {ifypSdOted2 ¢y dflsr 2 o tsifislf Azés Mtsw JzM ! Hd
9" G®H Httkzedn tB&OMwLE fddlsdéd yitjl tc OL dzd
ftsdzj Hiplse d2 dL &3 dzj ded s tcq dzdd3nls @f L (dfy wigd dAfJ o5 € dzd o3
Bjter BRHEI dzj btsd §tjflkzictBc®its o BHdzd tc j d3j dzdat
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Msefmlsokze hdj forh jdds Isjodef jtoOlsk
fMlsr 2 otLHEZAEe BEHEIS ftod d&3j tedets dzO
22003 APdBdcGH Fdz@rj EBEWO( t Mz detsS 13

150
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global emissions relative to 2015 (%)

M residual emissions scope for 'Clean Air' scenario ~ 2018 legislation

t dfm
BH

3sCudzdy j dzdj o' Besmse o ©O®REOF §sddlsduj Med
G H

74 oo
O 9Cd yOjl ofj ojter Codlstesdy, ftddmlsr j s 201
14JHO0dzj j dMMdzj Hse Odedj ( Har msen et al ., 2020)
2O dJddzlsjctedtctso Odzdzr n BsH j dzv 7, fn yJ dz s 3w ¢ .
d3®§2fr]c{c_l3c{LOucfcf 9" GBH Hddzv ClOry HNlsZafiflis chdbfsi L HsZd s d dy j
MbteObjed?2 dLEzZyOdsh! ¢ €d das@iddrd e d~— fiptingizfs® df' v déts
OB dydwirn d MbsteOljedwir MsCteOh jddw yvyuv. RrRMmdzj HiS
O MsCtoOh jdad j or Btesmtso YU (9 ¢Cdzs yow MsC O
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Ohdzdr EfMdzcedwn. 1 MlsOdzH Otclsdzr =7 dMmfr lsOded W n
ZOdeBdzj J BflsdBOdz dzf » § OtcORj stcOr, ISBEHO €O
joOodz dz" 7, uybt ftwdeosHdls ¢ B tisdtcital dgd tc L ded O &
| Mis Od3d .
ydes?2 fHtotsBdzg BZ3s?2 Htod ByYyjdeC] orBtosmMtse o to] O
Mdzj Hs9 Olsj dz' dets?2 ddeW sted3OYyYdd s Isdif dydesds d dzd
LEzdz sOIsj sjSkhdj HtojHftsdsyjddw, fMH j zOdzdz" |
toj Odz! dz' = o' BiG@®MOAls' fiRtscfigtse j toh j dadets dzj o j todz” d3d .
1Isdrn OMfjSltse btejBlkjbmMw ftoseo jHjdd] tfttsMmtse
fsdzzydls: ddeW stedzsOyde B da S Zz2OlsOYydd 4 yud ?
Ylsts dzj Btsdzr " OW HBdzW Ac j(OdED oz Rd3f tds,dz! dzstsrodO,ls jfizid ¢ O f
LOGteW L dzgj dedzz® Htejo jMmddze o MlsOtr o fj yoOn) dBtsy jls
o tBhdj orBtetsmr . vsO0Cddz tsBEOL B, 9 Oy dzs d d3d Is
fl’]tGJHdZ%: d RkHhdr Myj z2Otcdw s dflsdr tg®lg tslsgj, O dzy
o' Btetsmr .

F=—- cagIgooa”
StV O] “—IOWUfﬁ- 30
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tdmezdssC) sC M dzslsdzsy tejL s d3dd oMdnm IsYd ¢ HOdzdz" = (Wdm
sdf O EemMihmEElsavY HicjojMmdde . *CObjetstedw MBHjteydls
(Tytgat et al., 2017)

Concentration PM (mg/MJ)

mdgaidyj MEd2 MmMemls©e Ise jteHr 7 yomsdy (uvy) L Oa dfr
fdmMezdesS 16), des yOMmlilsts dzjdzOz Wzsle'™ g O jolgfmvoiz] fintelzp Bt te
20 oL dzdydY o btstmdydtshisd &BixHE dB3dud s dd
ftesOdzOdzd L dtotso Qdls oy yBdecs@lzd Ws YIso JtcHT = o9 dHBO Istsy
d mMktsd , ¢CO¢ ygjdzr 7, sO¢ d o odHj (4 dzdzj Is)
S dlsj dz dz" = ; StceOH d yd s dzdz" d fsdkzEceOL dW d & O
ftoeddzzn dIsj dz' dzts 2 d 4 Mmisj Mise j dzdzts @zdztds2v ¢ 52 ., s D9 dlsQff
CodzsmMdzd S s ts? toj N jost€itsH?]) Adpldfo@vils s §zde® @ d o J yd  dac
sded dL dpstedided) Odzed § 1 dzj B3 delsdzse s kEZedzj esHO ( EC) ,
o BHEBOMsoa sted Bse s OC, o H tstc O Misde®tfotd da Llckiipl @ ¢ O o
d BttcOddyd MSdnrm dBsdzj € LkdzB totizhigh. dpadddXHjdioysfots dzdz” =
s dzatsd3 MsMissWw dzd dL [z ¢ @5jotde st qj @sdpdon jdiF¢ o6 j¢
(M, 56% EC d3d dzd d 2% dzj stec Odzd yd ME dn dtsdztso .
fsdzzcOL dW S Oydtsdeds” § §Jud of HJgevdaf Tgilsizh dzj d3daf
MeMmMlsOo dzv dzd 6 5 %, 9 ¥ df tAdveBEShR dzefjiddz@® L W d ¢ Oyd sd
Ckratsdzdz = 4 ud ? or ptetsfr dL tdud?2 M (Gtddzlzr dl
ftsHj ey GAHI %) d Btdjj of MsClks UssM) dzswgPugdy | o
JMisiMmMlse j dzdzis2 IS IBBXB (dSsdztso ) . 1 ted wOMMdAIslstej dzd d
tOL dzd ydz' = o dHto ity didjou@ ds <o) vopdddfdr dmPy din B fijlgO o
9orBtcOMr 8 O 3" = U Y, Yd &3 sdyf Iststf dzd e O, fsHYyJ te€ d ¢
HdzZw "ddi3dyd Misets MsMisOos O vy
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Semi-gasifier A DILR
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g Reciprocating grate Fixed grate
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7 EC

(o))

= lons
©

o (e.g. SO,%,
- K*, CI")
tdmMezassS ]l JL zB@Ba&esdz j dzdj or otsHtse (Lai et al ., 2019)

Jfr s odzgjHtcjdedWw deso' n Ctlsdzse o fHtotsd3™ h dzj dzdetsfls
sjrndesdzsed?2 Hdzw §tedd3j dzj ded W a mMdMmisj BOr My dc Odz
tcOB slsQber nberger et al ., 2017) . YIstsB T ZH
Zdzd o j e Odz'odz'Bjtc sdgdifaidsty d3r My dce Odzdw BdtsdizOMMr B '
fSHARBSH, GidO Gdate'ts6 jddE) cOlstste] ), ot s s §
MjHddz] degdesdz ) dBRdesesMmiskzy j dfyOStsR dzts@R) Liswhjti2] tc@ts 5 §
f sz dzj szydd { dzj d3j dals' , Wsted3d tol=¥KN) d J oL widekizw ¢ & v
Citew yd 2 Ltsded MetstcOddwy Eedzj?2 d MOy HOE IsMw o
sBOL BB, dBydts §fodzzydls! §0Slsdydimscéd dzgfj MBHJ t6
LOIsj d3 1 W Wigkdsaf® jdadsmw i tcd dzd L € d Cst WWdydJ dals (
f csfmdzj Hize M j 2 RBdzs ¢ sMis 2lf | daORliiis?? caOws S . s d MO
ddzC Of Mzdzv ydd LBdzr © cOLtsEj dgj teOls ts.tejso iz &) ez ") &3
L Issets ticHRFweOOd 5 r d&zOy H j dfdssL olsssifwdidise difttasdti3j frpp s
Isj - desdztse d & H dzw hJuesttsets M jSCltc® Bdtlstsf dzde O
stsif dzd o t5, stsf dzd o 5 gL CoteslsCsyd S dzsor - i d&zO
stsf dzd o s/ tSlIsm BH T sO¢dJ ¢coc¢ d3ef Jnff ©OEAszjn  dfm§ ¢ tsiPl
ftotso jHjdade | dzO dzOBtstcObtstodats? EZMlsOdesa Cj, HtsHIsS
otsL sy detsmls! 1 CMf dzZ2OlOyYydd MmMdMmisj 3@ § tOGCls qAyj M< o
IsOCo'jBtesMOBRd §r dzd diNGE).j S5 &/ [ Y

ldzd v diglsite Ols j ¢ 2 MEsStOh | dadyw j seh stsEMREg oy hded y-

(Wang et al ., 2020) dmmdzj Hsy) Bed B O ISl Mg §
Stsf &z @O0 o OBtstcOIsstcdzts € BSOS daff tolr J dg J O dzlz flpez8 o ¢
My dz M dn HSRBSAtsLW2Mise (tedfm. 17) . 1 &Z20ydilsj dz

Ci WW qdg das' B esMEe sSBYROMOAY &0 Cc¢ lssf ddo O) |
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COC HMw EkGdv, sO¢ d HdA&v BdBBOMMmr . Il " ms¢ ow
zOB dz¢ HOJj Isfqw o dOYOdzj fFtetsyd MMO fr]GtStQOdzq’W (o
SsEGHO COC o MSCOVY CBdyj dzelstcOydw SCtsdzd yj mMlsea © y~cC
Gtstej dzd¥5 O Gizlg Is ) . o jtornlstsdzC dj MaOfMPsdW " sldntsfgs ©p dzt
Ctsdzd yj Mlso © YO fids@Lydzjotls HR| Odz®L IBEzj 1 0 BCd3. CIlsd or B
Csdzyd delstcOydes Mo jtonlstsdzS dn yYyoOfmilsdy o §d3jin Jdedd
O9BLH Rz >y dIsjdzj?2 HBRBS-BLWYWIMISe. stesdzj] Istsets
LOMB) sdetsj dzj Msslse jlsMisoad] dBiyHE MCteOhhdeddi 63 o
MsCtOh jddjd Ctddudmse o yGiplsd yf toff allf @4 tiaf dgbzd -

MsteOlsjecd?2 Codastetsdzy, ftojHdztsy jdader 7 Hdzvw fyded  j dz

N 8,

tc

s dzd 9 O. cCJlBdzj J ydmilsr jé odHr ssfdzdo © d ¢ Jy
9" Btotsfiplso dpjy amMjceHO 1 WW jiClsdodz o tslsdetsh jdedd Mt
yomisdy d o dgj Sslstste’ n Mmdzizy G)W"‘ HOYJ ko jdzdyde Ot
Yylsts dedstcdtotso Odzdj of BtotsMmts Mo jtrlssdzC dr YOMIs
He@cn L W2 Mlse On B jskds | dzig d@dzfr]h\zq’d3 tedMC O3 H dzW

s jdedets HdzW EwiLoddi3r » etk (dzOf ted d3d to f s d
ykzefmlsea dlsj dz' da C LOGwLdy dzgds otSLHERO o ("
9 ded B3Oded W L OGteW L dzj dzd® Mo j tor Istsda'dagdds qt@c[nﬂq;?q?cﬁ@:]@

HJ

LEHBEse ! W, O daj ftsdzOcOl! v bkd ¢ dO ddz

|
100 - Coal Biomass 25
: : O PM,5coal [
- | . - —
5 . 2 ; [_1PM, biomass - ”0 g
< 2 | O UFP &
= I X =
o 10 — I i x
° . | L 15 =
g 3 = L £
p= : | = T _ B 8
S I - L &8
8 ! i = - 10 S
E 1 < | : n
o ! T
EN 4 | |Q| D §I § Ql . 5 @
o - I |Q - o
. | § ©] . %
I [
0.1 - : 0
- N ™ < n (1] N~ (<] (=] o
l'e 2 28 2 2 2 2 28 2 3
I » b b o v » b B g

CutcOoQs MY d B¢ | &gk B osdfsdoyenlstsdzS d 7 yOMmlsdy 1§
dd ksfddeo 0. b@JafiydcPdidritsjBcdy dhfsd Lo
J HiNls ©o dzj dzr ) odH|j MisOdzH Otels dz' n
it Ant d SC BBBL dZOYyOtls Mtslse J Isfr
t al., 2020).
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413 I tsLHj2Idetfg d2 My decOdedw dzO o' BtetsMr Is
YyJjtedzesets kzedzj esHO®O (Yuv)

SOC¢ Bl WidKjsm¥cl, 2019), fd&sitsj MeEsttOdd]
L dzgj scjIsdyd mME 2 {WWJQIsq’sdzts Isd , zoJ dzd yd dad ¥ 9
OsdiismW j ez, BMtej ddes 3§ ZCsHdMY j tefder 7 Iso jteH™ A
2O o dzzlstcj dzgdzdr ftso jtorn detssE Bl dssMsu @O BissdiBe
H' i3 tsH O. ltetsyd M fwd Oy dadts jlsagidi iDL © Csls
Isji B3 J eOIls(dtgr Mkzh CO; (ii) fdesddL; d (iii) cOL
- 4k2h COYlted dzOGtej o Odzedd Htej o MmMddzr otsHO dzOyd da

RMY Otcj dzdj B" Yydes dzOYqddzOjsimw ftod Isj B jwOls

sj i3 j cOEEOATCSPtj o iMddzO IsjteWwjls MmtsHjtey O Iz

dimf Otcj dedwV Isj B3 j cOlskztcO® o CORjtcj MeOddw o

Cstej dzgdw d Mmdzdy Ov Isjtfdzsokzs 1 WWJiCIlsdo desfls!
sfdetso dzOW  tod yd dzO, dzjtfdisi €] tdsldstc w2 fdmidz’ te jsCot® s+ My
yjdgs arhj odzOy desfils! HijojMmMdds , Isjdg Btsdz hj
d Ikjd ddxj BEZHjIs 1 W¥WWjCIlsdoe dzsfyls: Jd Mmyde o
HicjodMddeai ftdotsuHdls € dzj f sdzdes Bz M6 sked dzd © ,
d o jdzdyjdds orBtosMmtse LOctwLdwWshdn ojhjmls

- 1ldesdzdl tod Isj o5 jtcOlkzte] Ctsdzs 200AC Htcj o jf
dzi sEuydji ojhifmlse® d Ise jtoH" 2 Ekcidjsteddgr . 7[5 /s isg
sBh j2 WPpMmmOtew jlsiqw. 1ted Isj i jteObkztc] ¢ tsdzts
Cif sdzj dzstse MY Otew j Isfw .

- LOLdWdCOyEgdd (O WOLO dOyddojlsmy ftod Isjc
600AC d ¢ tctfietedzgz®j il Oz0 Oz&C ftej HiMlsOo dzw v  fy
sCdMmdzj dzdy G OL ts9 .

G tstcOdzd j L Oo j toh Ojtisdpfvts dzj UAS 6 H OH teg f9 ji M d dz’ f ts dzdzts fi)
~dBdud Mz 6 OCydH HigzO%dshy k0P WeErtztR] Me StcOE | HiE6
ydmlsts Isjtstej Isdyd ME@V 5 & is@agd W jydddv2 ,dLisO¢dn ¢ 0O0C
Mz " jdedw oBLHEZRO d Ikt dzde O, Clslslstslzt‘ fn dzts 3 dzts
slsmizlsmMisedd dHj Odz dgf » EkEmdzsed?2 HA&Y  cddscts Mct
ojh s jOdz desisd Isted tsfidmMOdede j o7 hj WOL'™ (dEiste
Mz dzr 8 SBKCOL A, O dzgj ftesdmMrHWIS o slsHj dz dgr §
b 56 dzO fn) dzts dzdlsjts@lslztedzfd3 HOdzdz" dz, Wistedsdtotso Odzedj d
dzj btdz ¢ts i FOLOCIsjtedMmMisdS OB Iststf dzdo O, dets d
(Obaidullah et al.,, 2012)l dzd w tef F desdzsedd 4 ud 2 d EmMdzsed?2 ¢
so jifpsir Btotsfr ftod Bfrlstsoaotsds MydeOdedd BJdd3OMmMMmr BT
[ ded MdMmlsj B3OIsdyj MSd dMmMmdzj Hse Odzd o' BetsM" ¢ OL 59
3 deOddw HtejojMdde (todfizc ddj8gtsH sesiHH de % tOF TH2 o d3
dgmC dzs yjdeff  Bs@Pdzdtctso Odzd o' Btotsfyr’ co, dzOtew H Iz

Stee Odzd Wy MSCdagd MisjHddzj dzdwddsd ( NMVOC) (107 40 %)
9" Hj v dzd 2@ 17 3 (Dt "0H0S2@ 0dzj60R Mej/ SGsH Htsj o j iy d dzr )

HtGJSJfI’]der) fts MtOodzj deds fm EkMmlstes2Mmilse Odzd M
0.2572.80 ¢/ 66 H©252,5MYdz6/ CAMNEDE ] d dzr ) . 60T
sBi j B® NMVOC azOpQuddirtisis? W OL | tOBBIr Eflstts?
tod ) d B3dp ¢ desOyj dzd J d@3 f jteor m yYydedzse L OctelzL €d.
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Wood combustion cycle evolution

Ed#&C | L EzOd desj  fotdsiL mifij IQCipligaiefeli 2 Mcec e Oded W dzO
O dzd wJAEtafnL dzv ¢ h d @Bhatiyjetaj, B149)

ml—h
52
Qxz

tso dw tcOB tslisT ftod yomisd ydzts 2 zOctclkzL € j dd
sd3j dgH s Odzdzr 7 kfdzsea d2 1+ S M z2OOYdd, kOS],
Jdzdzjls dL fhjdedyr, O O¢YJ duLBriIstsS ddzd d
j dzdydoeo Ot ls bHMPOEBMe iMdsodsd ftoj HMIsOs dzj dz

ZslsOdid, Midlsodkd d WEttOdZOkzd. 1 Jj Mislstew dzO
e DNBEOC, wldshmdlsj d! dr 2 oC¢ d&zOH teHOjL ddts[dyimily & d € dzO
rhgs Moty jMmlsy diBiYHE tOL dzd ydz" d3dd kMmistets?2 fylse O

sdz? hdj or B’ 2Zfrjoyjd@OsrzrH OMBHE Odzedw Hitcj o §
d3d nBRZzZcHdses L OfEkME O. Clsd iy fif dziOo =fod® ddef WA
odwa 1My dzEOOYdd HOYJ] fitjHtser j Isjndztsd
smtse Mtsd Hddzj dzd 2, M smMtseMmilseoze h d A SBtoOL t
L 8@ 2 @, MmdzjHBo Olsp L e 2Mper A Qigaipd' L dnlsie j o § I d
O d LHBStetso ! | .

MOORNE~ WOMNNOEC
g T30 G "Toogexs
o fFwgxo ﬁ_wsw—.e,nﬁ.
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tdmMzdsCutcj Hdzd ] kHj dzs tz" jo/ &£reB teiticiijro j(Md dzr ,) COHNG®Y dc OL ts9 !
NMVOC)sefjitdits j Hddzj dzgd?2 (Yu) iHdaVts kdnfipjteds 2 difisfg dzjlH ts o O dzdz'

(1: stslsjdz dzO0 ff j dzdzj sO~R, 2 : stslsjdz 20O HEBO OR, 3:
CsdzcmMdzd S sots?2 tojh jlsCts?2 HdzYW HEcjojMmdes2 hgjggr, 4: 1
Htctso w dzOw ff j ' , 6% H tetkdvinde@y J flzy @O 7 : rekzeamlskzy j day

(Bhattu et al., 2019)

HB86 &zOMdzs HOdzdzr d3 dzdIsj 6OIskzter , 1dv tsBtOL kz¥ IsMmw
9" BtcOMr 9 Ols' Mw o EkfMdzcodwn ctstej dzedV Htcj o j fid dz
oBLHERO. (Eri ksson et al ., 2014) HJ] @3sdzMmisted tel

Isd ud ded 4 dagdndebsisiz’ Lgffdzi HtsB Oodzj dedv Istsf dzdo O dzO Is
dZdL Cdr Isj B jiBOBEZtAGCH (d40qQlsts HEtsdzw 1 v iy fwis
Fojddyde Oojmw i tsissd Isj B jtcOlskzter . Clts Bt
tcOMY tej HJ dzj dzdlefo jadmtsgonrdrdzj glzd 2, T sMEsd Sk BESdzj §
Msoef OHO¥ s M BtsdziJ GCBdzy) dzZlstcdtctso Odzdz” d3d tstec Odad -
coOoLdWdeoydd (driEyjddj bjtediddyd MEets ©OL dzsy |
ftoddawIsts tOL HJ dzwis! f j toofddusis did LRyl dzddgOdztyf Lig ts Hofz S e
co¢ Odze JHtGd H T BsdztsMO- Otcd H 59 ( 2Of ted i3 to, dzj
sBteOL ks M djMmw ftod dzdL € diitsas jhdifdedigOlstz BIOE tor 1 dsts tdzjj dz
cOL ZOG O IsMw  HIF 00 j dxtECdzts o (d§jOl0d dzd tets o Odzedz’ 7 Ote ts d3C
(>700 Adzj j)l tod MsCdn Isj B jteOskzteOR or atsH 1 v t
sj B jtcOlszteO®OR 1 v WwWodzwe sfpw tSHddes?2 dL dgj dddetse d A
Colsster | HEMISOsydzes &k igb tzd RGPS H W ylgdtss 1 stsets, i
L d&zOydlsj dz' dats j oj ddyd ddj tlsdzsh jddw 1 ¢dz® { [ d
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ftosd3d Y Zlssydzts?2  fif 4SO Higfta[© o alfg telgddzd Wiy W OL 82 H B O9 dzj |
cOoLdwWdeoydd OS] ftojHMEOL 90jIs, yYlss BBOL 59
Fojdzdyde O sfqw {5 dBjtcj HOMzZ dgj2h jets ftsorh jdadW
HJOf OL 5dz0 Hd&zv tsBteOL B89 Odzdw 1 dv (tedfm. 20) .
60 = OAnominalburnrate @@ OA high burn rate — 600
50 — O PAH nominalburnrate @ PAH highburnrate | 500
T 30— = 300
< S
o 20— — 200
10 [i — 100
0 - - —ad L
15 — 150
S 10- =2 100
5 3
= E,
< 05— S 50
00 - Il - ﬁ.‘:-. L0
0.15 O PAH/OA nominal burn rate
S @ PAH/OA high bum rate
o 0.10 -
O
©
o
IO.OB—
; i
000 - o &= 6
2 I
o2 = —
&) = o c
5 L E @
(1 B @
= c
tdmMz@sC stcjHdzd] o7 BtesMmr so jtoHT 7 YyOMmlsdy Htesowdzr d&3d
or M dr MM mnBeSfo slzdM dzd REj -~ WOL cetstejdedw d
JLBjtejdzd?2 ftejHMisOodzjd © odHj HJOY OL 5dz® dzOB ozt H j d
l L OCdzs yjded jH@degeHj HIE®OYY ] fYBBHIso jteyx HOB IS, Yl o
fjUud?2 Wdmsekls L dzOoydlsj d dats fxesjteddfiagd'e As ' dijvH stfidsdD ISEE fiy
o' MsCdikd kwsodw B Isj§f dsslsHOyd, HOYj Btdjj Nk
(Eri ksson et al ., 2014). 10dBtsdzjj 1 WWJjGCIlsdoe dz
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Hteisawdzf” 4 ud I delsofsids Bz fjskztso R to if ¢ SslOEAd™r  dL B '
Ztetse dzd JfdzsslsHOyd ftedotsHwls ¢ dzj HsfisOlsSCk o
Qisdzfnlstrslzgujcfaﬂfr]fru’dzrjwq’tsa(bdzqq’ BM dzs ff sC OL Odzts, ybss &
MtsH j oy Odzed j A3 € d ) dzstelsd OH Wi jddd] jos@Bdnjplsmise s h dj fr
sjfdztsor Hjdzjdegdw Btsdzijj 23 Cll, fMseofOHOEIs M koj
dzdz" | LOoadMmwlils s dfO §jyd, {btls Wjdasdzi dz (€
ftol HSlso tcON j dad & sO¢dn MdlszOyd?2 c Olss@ls j ff t
Hij2Mksed)] dO LHSKte!' | YyjdsejctoO, O BOSCYJ, o
BSCteOh jddw or Btotsfytsa g jtctisdy ¢ tis tsirgdsdz Qs HdRIStE fits”
dzd € tso,dscOE 3§ OLEG) dfiad ) O BORY = EMmdztses dw i d dzls j dzfc
tcOdOHJydsdedz | toj Stsd3d dzH Oydd Hdzv fsdz L 59 QG
J2 d GCtsldztse L OCdzt yoe lsmwv o Istsds, Ylstser dL B
4 ded W ( 2Ot ted d3d to, dmf sdz! L s Odzd W o dzOy dzsG 5
&z Hso Odzdj .(LEr2&kb4&)ntf teHyjadS de O] Is, Ylsts yYtej
oizts Sds@ICOuid dzj X J 2@Is jodz'Bdesifste Ise JteH' = yYyOMmisdy 1}

J

to j d3jjdmdi@dny tc j He rda] teadffiptsjiotc M Ol y SteOH Jydtsdzdets? Hitctso
Brisy Mijdzj Hso Ocdzr o OB (NielsenntejCt lattd] Lol
Ol tetsL sdzj 2, Ylstse ’ EmMisOdzetso d Is! fno w ¢ B yHE 1
orptesmse, MoMmisswdddj &3 Md3d " do Oded v  tejdidie@igzy d ts dzdzts
BjstsHT  tstecd Oded Yl fiCdd nH lB@@Cdgjtalimfod. detso 52 f tsteydd |
LSl B jeOkztedsr 2 fdesddL, Mttty HOs i3/
fpd dz' dz" § , CtOlsCtsotej d3gj dede" § , dLijdzyde ™ § fd¢d
fMsH jtoy O jets B3OS jtor BjLoatsHA = MOROtttse, sOCdnA
Istejdedj ) f zOdgj dzaj &3 ftedotsHdIls & or BtesMOd3, GH, |
Eedzjtothipst Zlsflsozs h d2 d3jde' hdd3d Hisdzw 5 BStee Oded Yy ME ¢t
MOROtse. Il r"rBtesMr L O §foddz" 2 ydéadz ftoj HMlsOo dzw ¥ s

yomilsdvy, Heddd dzd telzes h dr tstec Oded yd MS d df) sBdAlzss L 5 dzj
fsCyjjWOC ydsdeds” d3 yjteder d3 k6 dzj etsH 5d3. 1 v o
Yyofmlsdyodd MsH]j ey O ddi3d toj WicOC ydsdeder 2 yJ teds" 2
1000 7 Particulate Emission [ 0-10
_ Very High Burn Rate
"= 8004 -0.08
)
E)
5 600 —0.06gj
m —’
= 400 —0.04
=
=
@
R 200 - —0.02
0 —-0.00

I |
0 5 10 15 20 25 30 35
Combustion cycle time [min]

t I MEzaigCd 2O BB CWictsmtse toj WteOC ydsdedese s yj tocdatyef € ddde dzj tot
Gtstcj dgdw ( Ni el sen et al ., 2017)
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RiMMdzj Hso Ols j dzd ftej HY sczsy ddzd, 7yt §tod tyjd of Mise
YoOfmisd LtsdF cettejddy dMfrisr oe0sls dzgj noOSk oBLHERO.
Isj B j 6Okt , vy, o fofisMts tasunjstej Hf tgj oAaigit dp' drd@j Isf ts dzd -
OtetsBOBdyj MSdr kZedzj osHtstesHtse (1 ¢uv) Cds e jfiftictOR) t5 § EdedzL
LdzOydlsj dz desdzz ko j dzd yd dzedé o7 Btetsmtse f sdzd yd ¢ dzd 1
(ted fm. 21) . L ud dz o MsCOv MECBtesfis! Gtstej dzd vt

BOMMse ' 7 orBisMses L O fsdd 2 ydSd o 6HSJE. 7,
OtsdBBOIsdyj MS da Ecdzj o SHiSteSH 59 , toj WisOC yd s dzdats c
steeOdzgd yj MSEsets Ol oL tsdzv d m/z 60 (tslsdetsh j dzed g
MteOo dzj dzad ¥ ) desdzd dzgOdz! dets? MCtstetsMmis! 8 ctstej dedw  (

Citej dzedwV o' Bt yditQiz, f tifpdzts o O dzdz’ | ZO fsCOLOls
CStetej ek s ) scOddyjMCdd O! L sdj &3, toj ¥ O
YOMsdyodd. [H&EOCE ftod kojddyjddd MSotshisd ¢t
) toflssd of BsmBe f 5dddd S ke dyj M€ o & tc ©OHctisaBO s g Y
jtodzgsets RZedzjtesHO  tecOddyjMSitses O tesL sdv o

Lbdz kO’ dsekls B'ls! dhMitsd LS Odr HEY Mo |t

Blesmtse , fMdedy j dzdv o' BletsMises ¢ j detslsssO®dgdfwy dz’ o
Cd BOdUj MSBSEs oLHj2flsadY tjW¥tOCydeddases
sedztsh jdzgdv L O Myjls dzddzr Jieso Odedw, COC i dMmOdzs

25005 ~ 300 Fuel addition
T 250 [ Intermediate
l 200 B Burnout
— 150

| L 100
2000 _

— 40
1500 —

{ — 30
1000 —

|
dﬂ[jd::b d] —— li;w

OA ' rBC, PAH m/z60 = OA ' rBC, PAH m/z60 OA ' rBC, PAH m/z60
Nominal Burn Rate ngh Burn Rate Very High Burn Rate

OA and rBCe [mg/kgbatch]
[%*98y/3w] (9 2/ pue HVd

500 —

s C stsi WWdydjdelsr eorBtetsmtse L O ftsdzdze" 2 yd&e dz H dzw
OCydtsdzdzsets yYjtedzsets o dzj tetsH O ( r BzGe) dzj off asHdrgtayxfHS txiad
) d ts¢0OLOIsjdzy m/z 60 HdA&v dtdiddod' ds?2 ( NB),
smisd cettej dzd v, 9" Oy § dazdz" J 9 &Be d&O Cc Istsff dzd ¢
mdls mw ¢ mMrtsdBz o jMmkz oM 2 f Otclsd d . td I ls O
jldsofn Is & j dzdzfs . ] CdzOH 9o or BtesMr LO f§tsdzdzr 2 y
G

i

ZIS S NN

90, ot ykzlstsyddoy WOLO d L O jth jdzdJ
d MejHdy 65 L dzOUj dedV § sedesets yd& O ( Ni

T3 8
SHH TN -0
oG a@e =y

© &
N0,

r dzv  tsyj dzCdfj frplsCOr@Hd® dz"r =« W OL o Bhdj or" BtotsMr ]
B sso" o kfmazsedwrn BTN dzd tSIsHjdz dets tsftcjHjdzj dz Iso
ftod t©OLd&Jyd = Efdssdws 1 CMmfdkzOOoydd, o¢dsy
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ojdzduyj ddy o&shdtshisd d dsdiddod dkzt d&octlkzL ¢k
ftsHjtey Odedj oL o]jbBBdac®zdiPhisify § sdsh s MdMmisj o3
nOtcOCIsjtcdL so Odzd M RS sBh j o3z fMisH j to) Odzd & ralef
OtesBOIsdyj MSdj kedzjotsHBHT ), tidseody i3 tcOMmlse ts
Bsdzd sstcddze f 5¢C OL Odz, Yybsts St WWdydg@edc Oded 8 to s
LdzOydlsj dz' dgs Bwlsdzd yoOs Ismw s Httkzedr EMdzsed?2 {1 Cf
dzd % J © CO orhj, fsmMSsd Ck CO WwWodzw jlsfw

stsi WWdydyj dals 9" BOEHY FIOCAUPVY Oy "j HdAvw [] v, Cc
ftesHEZC ks dzgj f sdzdesets MesteOdzdy, IsOCdrn €O0¢C TC d
o jdzd yd ded w BIsh dzsmis d d d Csi WWduydJ dalsr 9" Blct
MsOydsdzOtcdz" 7 Issdz! s HdzW 1 guv. st mlsBOSEPR) ¢
sBdXZzZOHOE s Btsdzjj o MsCts?2 bsi(MdSsdtedy MEs2 dzO
tcj Odz! degsets otsSLHj2MMlsadw fjdzdzilsdzr » 4 udi?2 dzO0 ¢t
flJtcjrnBBHA | HIWmEe @dzd W A OL®IsW d HdAzdksMmw efMmjcets 20
mMfsmMseMlsoso Ols! o' BtesMOd L OctewL dwes hdas ojhjMmlse
(Hor ak et al ., 2017) ftosOdzOdzdL qtetso Odzd tOL «
(OolssdB3OIsdud MEdy, M ojternddd MY dcOddj &3, M dad Myn
sdf O Istsf dzdoe O (dzo[Gdzo[ls Hicd 9 d MddzO d Mmd3j h Odzdzts §
dr M or BefsigO® y QFfpbztgOMmafdz) cEOP, BN jes tStec Odz
Ecdzj esHO ( TOC) d 12 fsdzdyd ¢ dzd yi M dn Otc s B3O
B dzj € 2 dzv te dats 2-2 O ) &) Chigsshigite 7)) slssydo o ded &3O ded §  dzO

ormMsC¢dy 1 WWdydjdzlsr eorBtetsmtse 1 ¢uv B dzd dL d3d to
ko¢dn COS Ctlsdz" M oY 2eS datfcy nej)d ¢ dAt$ leidz’( 5 8 dad -
3154. 1 dic/ Cc). wubotcj d3j dzde’ 5 Hwpztzh d J ezt B ®sMy dz
YyoOmlsdzsmis d , Qo lstsdzOB d § 4 figised j€ ¢ § tslgfdzr ¢ QL. W3PT Oy d ts dzd
Be/ €c) . J Y J dzts o3, dzj L WW j Clsdo dzts§ e stcOdzd J ]
GJjdzj cdotsoDOUW7 otc@L. 4Btsdz hj or BtesMmtse 1 ¢v, Yd B
Beh dshisd. 17 &zt ] S5d3j dzgH s Odzets + S MY dZZ OlsJtetso Ols
HsMisOlssydzer &3 fsMmMiskfdzjdzdi 3 oL HERO d dMf sdzr Lt
Bddzd 3dL Oydd or Btesmse 1 ¢uv dL Brlstsoar n bt dlsj &

(Toscano et al ., 2014) dmmMdzj Hse Odzd o" BlesM"
tcj] Odz! desdz dMf sdz L s Oded d . ] nfSH | dimMmdzj Hs0 Odad
ko jtHT 7 yOfls qu (vy) Byjelf HysOy ddE@EEBARY mo QB &k
17 dzts SOCy ] LOWdSEMdetse Odzts ko j dbsdzsdzd fnd @ ©®1 2% dlny
(CO), sBh jets bkedzjtesHO d fodzdydSdduyimSdr Ot
sMsB jdedets o dgj EMlsts2yder o WOLOR cetstejddwy ( dzOf tod
odzdw jls dzO tsBh d2 Cwi1 WWdydjdes or BtetsMmtse, tstsB j
(Bjdej J 2 WYUOEsBET OL '™ 9 ® sldizj §z0H trdsls j drilsdgOY OB 55 O
ey NdBd cetstejddy MismMosemMbsolzjl. sflsd®kdL Oydd sy

2
Is

Il BLH] 2B dgP dzs yOMmisd yr
] dzj HOo dgj 5 B L tstej dzdlsj tcOlskzter Bf dzd tsftcj HJ dzj «
(

ftcedosHdIs! ¢ Eeojdzdydddr o' BtsMse daOdsyOmisdy

Clsd EmMdzscedw MewL Odzr M Idisd EMistets?2 Mlsea O, Jje
Yy OfMmists ddOguezt s® jc Ols dzOw L O d Md ditsfls ¢ B3 yHEZ B j 13
sstsBh Ojsfqw, ylsts orBtesmr 1 dv dBsekls B"Is: 9o 10C
dzj f e Oo d dz! dats, ntslsY ©BBEKOLBoOddd 1Y Htd < Istsd3
mMdzdy J dzed d Isj §f dzso 52 | diihdsts s Odlzdzm - Lz i dndstg 0~ , SOC
Qo lssBzOIsd yj MSdJ ¢ tsls dzr (&0 fj dzdzj s O~ d dzd L |
tcjckdzdtetseo € 52, Yylsts ftwwdoasHdls ¢ yoOmstsddz yd¢ dzd-
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o' Bletsmtse 1 du, deb' Moz Pj tedisBy N 5C 5] QzzBHELIS sls
sMisOls MW dzj L O3y YJ ded® d3ffln o 'SiEMSER CEsajlten dsMmisd
sBl Y Bz tsdzd OHMtsteBdtolkzs s Btsdz hjj SCStdzdyj mMseats toj
Bsclzls o7 LT 90! Btsdzj J o' 6Oy Jjdedzr 2 fJtetsotsmy Odzd Is
Ctezf dz B ya&t) bstsets X4 MtsjHddzj dzd v .

1 Z20ydlsjdz’ dgr &3 d dgj sy dHOdzdzr )5 o' o tsSHtSdZ Weo dzv j Isfmw
Emistets?2 Mlse dzO Mo tej d3j dzdacyfd.misbt s j d3t W BF 9 s 6o detcfs
Fojdzduyjdedy orBtetsmise 1 v. JHd2OC s o BfSdZj § 1WWJ
1 v Mdedy O Ilsmw, yYbts 9" L"90jls oatsftetsm, yYlsts o 0y dz
o kMt Hley BRYdr Oyj 2 bsfdde O (fjud dO Htj o j M
9 Otc! qiesos Odzsm* o Isjyddedd yYydscdz0 cetstejdedv, o Ists
ssf dzdo © t©WOL Bjte yYyofmlsdy tMisOo Odzhw slsdesMmdlsj dz' dz
odzdwels dO BdtdtsedylOdziz j4 Whicdlej mMdzreds H' iBtsd3,
toj SR dgHzjIsw dLEydls!, C0O0¢ EfMdzcedw ctstej ddw o
tedmMCd HdZYW LHBwse! W d toj OCIkdodetsMmils! o tCtclzy O h
1 i d3sistiglr " giPls o g fMmdej W ssOddd Zaltp dag § NiMsodg® L HiSttSH !
9" Lo Odgdz' » Htcjo jfmder &3 H'™ dBsdz, 30O disstc Ofdefrpl jfridasizsy d 5B
otsLHj2Msodd dO ¢ dzd BZOI. st Ibtses, tlsmikzlsMmiset
MyYdcecOdzdY HijojMmMdde o tjOdz dgf » EfMmMdzsedwr + CMmf
ftcl HMisOo dzj dzr¥ HOdzdzr | B t©OL BRIty YOMIsdy, dets Bist
dzj H 5Mis Olsts Wdaty dedz" A3 . [ dzv dzz Y § Gitt ts difiste @it ¢ dste
ftc] SBicOIsSoo@zdisy dz" » dMEBO HBW LHBSEB I W VY,
Bdsd30fmimr , dzj sBrsHd®Bs Ekydlsr o Ols! sO0¢dj f Otc O3
Ho[fnljJt;sfnq’W, tcOfmlso sted BsMis' , f dzsh O ! Miffistsds jo - dz®M ks
Yysts BddOmMMO YOkt w©OMidOlstcdo Ojlsmwy COC oLt
Euydlsr 9 Olst f§tsfmdzj Hiflse dW Mzl € Odgg Misd j teezc DL FE Oz o €
MsOIsj2 ftojHdZOCOs s flIsd Mdedy j dzgdw or Btesmse 1 v,
ddzd dMftsdz LseOdedj BBdzjj COyYJMmlse jdedetsets Istsif dzd
ftoej HZOG O Isfpv EkMmMstes2 Mises O ¢ tsdzliststhdz® Is giydpdn Sdfidgs o ,

(ESP) d S$tdzHj dzmMOydtsdzde” §j s f dztstse d3j deded € d, dzts O
dzi tsyJj dzd @ OdzO M+ .

vOC] fosojHjdd) dBj z¢dm YOMbdy MtsedzoOmizjismw M
ZMmls Odzts o dzj detsts dzjyjls slsdffifag p s, sOC d §jud, ftej HdzOL
or Btosfug o dajy afnJGHO 4WWJQIso[adzf 9 Mmdzdy Jdedd o' E
dzj S slsster » Mz yoOw A OYd kZejdzdydeOtls dma o7 Btos
dedetstcdtotso Odzd | sz‘tQ@ir]tEsQufr]sLﬁtgﬂ]lq;tqi @ZOddY Iso jtoH Gt
fsiRjnhjddvyrs d@Boyil ftojHMisOsdvIs! §slsj dydOd dzr 2
EwiLroddyr » Gtz dOfMmJ dzj dzedw ( dzOf ted A3 ts, f sy ddzr
ykze mlse dlsj dz' degr C LOGwLdzjdzds oBLHERO o ftd&3jh |
(Pol 8] ik et attfMmdesod 02119 MY Jj tod a3 diE¥Asdin gz d2d tc t§ @ gz
fmMdzj HIzv feg

§ sd3d dzv Qi dzlfOls @ |ds et VM Is 0 ydzed 3 J dzd W 9" B
3 % d MY j wipdglsAHPYtc OL d3j tetsdz tslIs 17 dzed3 HB 544

5B tOL 5o Oxipdd'M fdgjwedifdls ¢y Jted My deOdedd BddOmMm" Isj
Misj ds¢ CORjter MetsOddY HBdy dO BT Iy or hj

Zyd zOctej Ists 2 COdRj tod L dzZOydlsj dz! dzts dzd Y 4 Ftotso j
Mt Oo dzj dzd ¢ L GfafCH8ils &€ ftcdosHdls € ftojH sylsdlsg
Bsh dztsmls d ¢ tsls dzO, O dzj ydedazdyj mMSsets o Cdzs yyj
QolssBOIsd yd MSdJ Ctslsdz sBJj M Jjyde 08 ls REPHdE J dzd
fte O o dzjfdzds Aulf U diz fde O o dzj dpdijLdy dz! IsOls " tHzs e zDdiz dats ¢ a5
o' BiIcEANO slstcOy O h jets CtsdzdyjMmlseots d d&OMME o Btts
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" sOdzdzr 2 OoltskOdUjMSd2 Ctljd f OOy d d?
qdzOdz' dz¥ FP o' BOEHEj 6] 173 &c/Cc ksfddosO o
" s OdzdzOY Yz f ', Of Bis O klbdRRH dz® dzs tzS B o
o) o ©OLKGjtej 1043 &/ Sc¢ bksfddosO o bkod
Escdyudssds sjmMlssosd yqs dzj .

Mz Hse Odzedd ( Ozgen et al ., 2017) HoO wOMY
Odzd fp'dzdzplsdzr = ¢ jyoms (11,1 GC1lls) d Htctse W dz
dqezs " jBz f§teojHjdd] tdhdes@seB) | Ha@his tha Bl
: Hd Od3J Ists < 100 dzd3) mMtse d tc ©dzd M fi dfm
sfMmiskzf j dzyOls' 7 dhif OCIssteso d OdzOdzdL d totso Odzd f
tcOMmlso sted 3" = Jtsdetse , Oz HtetsMOR Otcts 9, sBh j G
j o ded W yYefdaylj dEsOd t6j H j dzf dzdV YyOfmbsdy ¢t ©LOLC
sMiskzf j dzZyOlstsets qRBf OSCIsstcO®. wtejHdd?2 St WWdy
stsf dzd o © H dzw o fjn CtsdzB d dzOyd 2 sdf s
Jdzd j B3 My decOded ™ GBHlzi¢ G ol WHtgjevj dils? off jseds,fn O
Is i t<ifgfsbBHP HzOB dz¥ H Odzd ! ©WOL dzd ydw @By HE
deOdedd fjdzdzjls d HtejojMmMdesets Isstf dzdo O
OC Isj todg HdzWw MYy deOdedw Htcjo ] MmMdesects Issy dzd e
OL yd ¢ J dzdzjWlo.€ IssspesOmgifdss ' eggf dzw 6 h d &3 MtsmMis©e UF
sowdats?2 fjy' v, W okdnyddgipgw sWhisdzly diay din Cd{jh dzstcts H s d3
ddzd dLB" s8¢ OtSLHEZRO HAY ctstcj dad VW) d o mMtsCdy
Qo lssBBOIsd yj MS d Ef tcOo dzv j 3" ~ i J dzdzj Isdz" A 14U ?
zsC Odz! dz" &3 EMmdzse v o3d, sOCdd3d ¢ OC L Olste OH dzj dzdz
Me sy dzj dzd v fJ dzdzj Is ) Gtstej dz€ j . [BtoOL y" Htcj o J
fslsj dzydOdzt dets S Odgyd tetscjdzdzr = 1 dv 8 MteOo dzj dad ¢
HJOGdsmisduj MSdj Mstsisdatsh j dad W, MowL Odeder § M d
MsBteOdedz" § dL {rSGmyH Qofddsd ~dzlstoEz: tetF P d MtcOo dzd 9 O4 d3
Ldz2Oyd dedw dzd, fHtojHddzsy Jdr HzW ©OL dzdyj ddy dhmissyd
tcOMmh qteww yjdSlz, Br yYdts BcteOded Y dedziz € dz's 5@ j ¢
Is © ¢ YFP.

o,
P
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dJjdzgsr eorBtosfmMse odHtse UFP (d@cec/ Sc Is
Isr; PBJ dztfzy 2z lzO8 2§ Py’ WRicsa @sg v dzO
gevsdg@®y difLj '€ ©) (Ozgen et al ., 2017)

dzj Hts9 Odzd § (Bertrand et al ., 2017) , ftotso
sots?2 CORjter, BN dzs dzOf Qo dzj dzts dzO dL ZyJ dzd 4
Sk Cti WWdydjdadsse orBtotstses f P& d gdz' RlstegtEa
s EMbts2mlse Hdv lststf dj dzedw y dedas .oH jfREdsjodjvd
tcpdzd s o O Lk fifldidstRtchiplyve & Mtso toj d3j diddO Wis HHAEGS © W ¢
dzj sdzOv eBtcj &ZC O B dzd ftetslsj Misdtetsoloda tcwMmrisd o
odfM! yYydqeédz etstej dzdv (fsmdzy WOLT LY JcO) o
o jdzts € L dzOydlsj dz' dats 2 dL d&3j dzy dlo rseEntstsf) edstt W W
J dzv dzd L dzO Y PBA(da tsdzlBs0 W) s s Y j tedetse s ke dzj otsH O.
ffso OV Cdayj desteOydy BtecOddyj MSdrn O L sdzj 2
4 dzdzj ResY ey jdzdd ofmjets ftesyj MMO MettO
&34 dzdz’ j. Lindusmidvizy d gl Tz miso | dzdats] ¢ de'j d3 s ©de i
dzij 90% fjtodyder » orBtesmMse) d MmMisOo dv dz Is
daj ddswtsBo W dzs?2 f jud. [HE&ZOCH fsMmdj MisOtej ddw
tcOL O, yYlsts HJjdzOdzs or Btesfmr [¢ ls  j dzdzj Is dzts:
dzj dzdé ) Hobkd™w Hickc d dsdu dijicHstisg) Gnlds jd de'tsdzt®,dzdsf jdstidz,
J Bsdemisted tcts 0 O dzO dzOd e Mmh kzs dzOH § ) dzts s

jtcsHMSH Jtey O dr o jh jMmlse Mtej Hd t l§thjzrlzstitcRlg ) s

OP QRO "Fo-rac -3
GFONPFO =ITO [goOo=—gI

— T O

NSk, "S- qgosr S F@FI D

Q&
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£ 20F = J20 .
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“Usitsinmgks ] ;—| B OA Enhancement ratio| E
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Carbonaceous aerosol emission factor

Stove A Stove B Stove C
t Mk d2& ¢ stswwquq,; 9" Btetsmtse i Jzte edaf] eds H AN tS 1] | tooy |90 tg
Ot tetsL tsdzj 2, G)fr]fr]u\cfls:Gdzdzr j H dzw Istcd m sdf tso 14 ud?
stsiWchuchdzlsr 9rBlcsMmtse HdZW olsstcdydzsr = or BtotsMise BT d
= 5 1 10 Bis dzj & &z dis drfigltz dabizdzs Ylound te 2 ¥ o ~dladdgd deud o sfls! t6,

CGtcOWdC J ( O) f oW i3z tsdz’ dzd € snoOlsr 90, Is dzd dzd dzO dz' ¢
Co1 WWdydj dzssaPOAd Bic M azste 3O dzd L 59 Odzdz" = & Mtej H dzj Bk
L dzOyJ dzd j ECOLOds ydtodets?2 dzddedj?2 o yJ dalstey ftow d3ts |
slsd3j Y4 dats Mo jtor Iz. 1 © CGtcOWdC J (b) f oW i3skze sdz' dzgd
BOC M BOdz! dg" § L dzOud dedv € ts4 W W d yufdzidels R Infrpdjdig))tzd W31 G
Hictse W dzOW  j y! HE TR@EGBE W d2ON Of J ) y?2 0BMe Isstdsdg@s d Q) frifSjoyw
f J dzdzj Is dzOw f jiyBertrand ét@al., 2011 ©

414 Rdgdztso Oydsdade’ j toinh jdedw Hdzw fyded ¥ § ded W

9
| OBtstcOlststedz j dMmfmdzj Hise Odzd W Ckrtsdedz ~ fJud ? dz
oltstcd ydetséts otSLHEZRO dsyjls L dzOydlsj dz' dets fdedL
o jhjmlse, dzs IsOCdj My jtedd3d dzlsOdzr dz" | HBMIsdY J
CodilstezC ydd ¢ widls sCEdssteh Jomss fwoddvlsr . (C
dimf sdz! L s9 Odzd BsHEzdz! dzlz ® f dzOWtstedzslz  j ud, Yls ts
ktejBtso Oded™ € CwdfbstekzSydd §sHOUd obttdydscs

sj BB jteOk®), Ctltster j § tsL g sdedsdgd ds'o jfipts T 50O lsddld!ls
Bsdsss HdH @ GO dzjde i@ des e s e dzj t5HO (Yu) €OC &
l ktcOHEYdHdgepr ftodetslstso dzj dedvw fdh d (Caubel e
VS jtedd3j des Oz dzr = M sOded?2 tsded o' woddzd WdLd
C Mmded 1 J ded © o' Btotsmtso d dL dztsy d dzd 1sfr]dzt*59dzr ' t
sflddBdL Oydd fsdLeotHdlsj d dshksd mthJMBatth
LCMf jtod d3j delsOdz' dgf 7 HOdzdz' 7 tdzed ftetsHj BsdeMisted totse
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o jdzsddzv Istste” d otSLHEZABHEZOSC HEY §fBHOYd olststsc
09 Is s dzts d3dzts LOf dlsOdzg fm f cdigsh & dzj HStcBGE tSG 1S |
EMisOdetso dzj dedzse s f sBdzd L sMyls(d . s OCOvw MmdMmisj BO dBis>
EmMsOdetso COR. 1 dzfy OMic] dy dgj ledwv yOfmlsdy 6 o
f sHOYO olssted ydztsG s O9BLHERO ftejfwisimlsolzjIs to ts f
sBtOL B Odzdz" = yYyoOfmlsdy tMisOjIsmw GlsdetsmdlIsj dz dzts dzj

vOB @Yyt j Hdzd] fCOL O] dzd + WBIsYBOGo distigis o (THR @gdzp X s
d dBtsHBEzdz dzs?2 §jud 431 (MOD), O O¢CYJ] ftetsyd dzlsdetsy d
MOD (Caubel et al., 2018).

TSF MOD RL d34 dzj dzd

[ 8h desfyls! ¢ 53+04 4,93 + Q06 -7+8
v dztse OW 233+07 262 +04 12+3
LWWJCIlsdoe dztsfy

CO (c6/ SllIsy) 17+3 21+02 -88+2
vyes( &3/ S 1 Isy) 1200 + 200 130 £ 10 -89+ 2
yuo (d&c/ €1 Isy 530 + 50 35+3 -93+1
Y U/ i5(P0) 44 + 8 27+3 -40 £7

(Carvalhoeta] 2018) dLEyddzd bkdzkzyh jddj ttOBfslsr Htctso W

StceOHdydBdzdzts M sdz L2 B2 o 1 tslskzeOdzdd ( WSr e

tejhjdd?2 H&ZYW fB8HOYd oBLHERO (WSM). 1tz d&sH]

tejLEzdz IsOIs: mdESed g § ydicdzle @zscc Oz HS d- 6 OL 5B

fr]tSJHddﬂGdZ)ZfoI](24l 3e/ dzd3j] ( WSref) HB Etotseo dzgj 2 dzd
zdL $dm (WSMC2) ddzd HOYJ dzdx 4 ( WS MC1OGC dzts te d30 Is
120 dEEI Mz detsS 25) .

- wdzd y § dzd Tty Wlaj Gdsj dzls @ Oe B MBS d3c / dzdsj (WS
Be/ dzdgi (WSMC2), ftedud B3 §fMmdj Hdzld L dzOUd dzd |
HieSowdy = fjuj2, dmMisd LEjd & o MstOddn u.
st dEOlsdokz Ec o g ddsiagniz( 1dEs0H0j e/t Oy d d .

- dtcj HEERWW cfuchdZISU\@sszdztsfr]dzq’dez l 8.9 ¢/ Cc It
6.9 ¢/ ¢c bfdkzdea ®© (WSMC1l), vybt Bddyj ¢ ftj
MisOdzH Olstsd3 Ecodesign (5 6/ ¢c¢ bsfdzds O), .
BOLtsoatsets fsMmisswdzedw ( WSref ) .

- 1 d2Oydlsj dzt desy Mmdedy jded] cBHEtsea' n o' BtesMmtse s

>|cfdzf: HEBOR fMdzj d@BsHjteddL Oydd Mmew L Odes M
8% o HSBsRtsL W2 Mmise OF . 1 sd3ddss or h jEzC OL Odat
sdj dzgHizs s MisMmtej Hsls sy Is 420 H @ dzobssz jWAsef{dujj dzlz B d
s odosb ez kX j MEkh jMmsekze hdr HtctsewWdz 7
2 roetsfr, YjdOljd ds Hts EkEtesodzj 2 dad >y J
2,

3
t
9
5
i ftccHOo Oj d35' B dzO jotetsf j2MStd tof dz€j

46
" B o
) dats
duwd
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—p EXHAUST COMBUSTION FLUE GAS —p PREHEATED ATMOSPHERIC AIR ————lp ATMOSPHERIC AIR

t dmzassCr totso W dz@ts HYfj jtowlzd LA tots© Odzdz'i i totsdey dgPdzls Y j YA o d -
mMemlssw ded d (I WSkrsefv)dzOW B  j ! M Cdz yjo 3 bcfiREDBH A
Htesowdats? Hjud M Ctdi3ftsdzgj dzelstsds Hdzw §f sHOyd olststed ydats
al., 2018).

o0 bkdzy"jddY s8spheddgdptsdij MisoOsBdd dsj Is
fsLotdzd dzs HEsflsd y! Isjtf dztsots?2 1 WWjCIlsdodetsfilsd dzC
RfMMdzj Hise Odzd J UBQOLrSGJIS Yylsts disH jtedzdL Oydw
HM d3tsh SH O sBJMfjyde O hdrn tRsy Pigkz L az®n H g @ dHztew {
LdgjteetsMmejtejyjddy o Mddzra foijhjddva. tJCBj
g dadez dzz yh j dedd oL OddssHj2Mmlsodw d3jyHE dzOtelky
oltstcd ydetsets oL HER O HdAv fRddpsiddeddzdy ' B tda®Mmids j izt
L OlstcOIlsOR

lrBtesmr yYjtedksdts zedzjtesHO (Yuv) o 1ilstsdy dmmdzj Hts
1 tod dmf sdz' L s Odzed d Mz n ts2 BjlojLtsots? Htoj © § ipd «

L dzj d3j dzls dzts ¢ BC) Iz chiplsjfifdstOp @ g M B s id o 7 18 ) Isizad $-Czz® Is dztf 3 d

tOL ddyj dBiNHE dzOdd3jdz "ddizd d dzOdBtsd "d&d o BtS
Zyomlselzjls o ftetsyd g Ouldftg¥ diqg " ,dzj dy'defte Pf'dBtsH § 2 Mls o
o drgdEl BEER sdz ST OYHOj s fsyjmn st ddy d Lk
OB ¥ HO&EM! o daj CElsBEr & fdk ydDESH | Diskssdds fus i dz!
Hsdy jdz BT ' kltyds dz, §omMCtd Sk GbH s b ds
rhy 25% o' BtesMmr eoLeojhjdzdzr » yofmlsdy (vy) keojd

sdzyd delsteOydd 1 ov (fosddydcaduyimMsdn OtttsdB3OIsduj M
odzts oL OdEBSMoWL Odz' : ftod 146088 d Z0S Erizy Pezls t® y d
reetshr 1 ouv. 1 HJOH GHtsd 9 rofejoaDQe0i0] descdis 9 5L to

d dzj deds@y j dzls e Oy d W ) Odplsjdisjiiiisleziste j dzd  § sdzdatsls™ Mo
Of etslsd o, dz0d d3j dzt h OW iOp oty $51 @ tc o ¢ tsigydgr dels tc © 4 &) s ¢
sdzyj dzlstc@Qyudwe vyl ¢v. ]l BL ddtsy dgr d@3 B W Mdzj dagd j O
rfMsCdr SCtdayd dzsteOydwv s o BtetsMise o] 5B dzZOH OB h
SlsatsHYN s L@@ o jton desMis! Hdzw CtsdzH j dzlMOydd ¢
syjtejH!, kdRjd hOjls dzz€dzj Oyde datisds'nasHYOMIsd ¢ Ow
Clstsls 3y nOdzdL o5 tcOdzj 4 Gt HY S5dzOd® daipf ) & Odedz's jn dzis'e &l
Yy O ) 6Sipppla et al., 2007; Tissari et al., 2007).

N~ < ©®© = O

©
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415 IwsLuj2fsod) dfO d SOuUjMmsoaO® HisjojMmdd

] s d3ts ydMmlsts IsjndesdzseduimMidns ftodudde (dOftedd
Emdzse 2 EmMlsOdztse € d ( dzOf ted d3d to, J Mls jofifdsion] jdadbide digiw
ZO +WWjiSCIlsdodesMis! MetsteOdedY Gl dlsjdzt dz = ftedB s
Iseo j HifdBdlz! L sEPBPHEY o Of CtcB®BRFEHG" sdf dMftsd L k2 BBs6
mMf smtse * tesL GO, &ZzOMmlstets2 ¢ d ¢ tsHOYd otSLHERO
d dzls § dzfnd o dzts s ¢ dmyf sdz' Lsp@dzdV H @dgiztsds® Mmisfen@)dzj H 5S¢
dLieyjddd o jHjddw {od LBSoOljdj?2 M ftdhish! s
ZOf Qo dzj dz 2O §tdkbyj dedj BGeELBEBO & ktsd, ¢0¢
dmy sdz! Lzs Ispw o tj Odz' dz' = EZMmdzseo v 2Bo a1 fgis iy Gz -
Bdzsetsw L " Yydes @ otslipdzOQ tizlstster 2 H dzd dzfpw 14 dzj HJ dz¢ . 1
16 jotwsfj2mMédns MsteOdz ({ dMEzdetst 26 d v OBdZdYyO
RsOdzdd (35%), | JjtedsOdedd (34%), o¢oMmistcdd (12 %)

OB &ZYORMI Bz LEZj B jJ O©dHT s dzdeo © fftsdz L ts9 Olsj dzvw dzqd
et al., 2016)

vdEsyf dzd 9 O I Mmd MbttrIsOdzdw | J ted3Oded 'z ydw ¢ o fisted

[teso O dL Iseo jHTES?2 90 88 89 97 90

[teso O dL dBY6E¢ 52
rtcjojmder j BtodSjls
rtejojfmd j ctOdlzak
IIsitsHT Htej o j Mmddz
tcEeOw BdtsdizOMMO

N R [, N o
o |k |o o |,
o|lo|o|o|N
(<3N SN N I NG N

100% -

90% -

80%

70%

60%

50% A

Frequency of use

40% -

30% -+

20% -+

10% -

M en 8 Ry B | | N By v:z- 3 A AR
N8 NEIE, NG NEH NELE | NE N N 81
August September October November December January February  March April May June

Month SFWS @TIS [oFH  ECOK

tdmMEz@sC  d B MW ydzOWY YOMlsslsO dMftsd L so Odedwy s dls
2016)i Htcsowdzr j 4 ud (FWS), COWjdz dzg" j dJiud (TIS), fc
ftcdBBBter dz2O Httsoa ©a (OFH) .

0% | HeEs
July

[BLtSt dzdlsj Ozt 9 wORCOR fJttsjCIlsO Al RUSE.
tc O ) fn B30 lsotdxjLoHQ)j Asipfsoxfo] H tcd o j M d dz &ZzO eor Btetsf). vy
81
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si WWdydjdels or Btesmse ( sUOMmMa§PL Gdgdztsed dzas @B dgh | B
12 1 Of tod d3d to, Bstems OW fnts ) dz® ts4H W Wizfsgiali Js dEld tin) s  |Is
1 dzj d3j dzls Otc dzts EGY , 2 & dg st Sag@ts YHjdRY BU Yls ¢ dzf mMOd3r &3 o' M
otej @3 HijoJMddzO COd3j degdztsets HEZBO (Hol m Oak) ¢t
9" B tcts B dzd
v OB dzdOoyLPs L W W dydj dzls (eor BiwsEiftgey ) HdzW ItcOHdydsdede = Ml
Htesowdz" J §jud) (Querol et al 2016) fm MmMmr &z¢ Od&3d :
[ 3] (Duarte, 2011), [4] (Vicente, 7T2@813) [ ytddgj yC
vl dzd o ts U Y25 U Y10 oC EC
[ st OV fytsfydzC 37297 15676 3351
1 sl Ow O Oyd 42162 18919 18,38
SOd3j dzdz’ 2 HLEB 70270 38919 16,22
CoCOdzdfIs 64865 27568 19,46
- [dzdoCtsotsj HJtk 113514 49189 21,08
ltcsBSC B9 2 HEB 97297 54054 36,76
1 stelsze Odz' MC d2 756,76 32973 17,30
s O] dz , _ .
JTtedSjlst /4 j dzdzj 64865 31892 1568
otetstf j2MCd2 B 311,89 21081 2324
2] Y dtejdzaj 2MSd2 H 67568 48757 3243
Yyjtedzr 2 Istsf tsdz! 757,30 56811 42,70
[ st OV fytsfydzC 72242 43188 8186
B8] CoCOddyls 109370 63005 20,88
ltcsBSC 8o 2 HEB 744,86 45014 3245
[ ste¢ Ow MmtsfdaC 281,08 13514 3297
1 sl Ow O Oyd 42703 22162 15,68
SOd3j dedz" 2 HEB 31351 16216 12,43
CoCOdzd (s 54054 281,08 20,00
H [dzdoSCtsotsj HJ 47027 24865 24,86
ltcsBSC 8o 2 HEB 44865 25946 22,70
1 stelsze Odz' MC d2 70270 33514 17,30
JtedSjlsr / f j dzdzj 38378 20000 9,73
rtetseow dzOw f j u+
otetsf j2MCd2 B 14973 86,49 2324
2] 1 dtejdzj 2MSd2 H 721,08 49405 4865
Yijtedz 2 st tsdz 236,76 15459 4757
[ stefC OW ftsfydzC 25609 10700 89,80
B8] CoCOdkzdyls 41150 22435 3228
l]tcsBSCBOr 2 HEB 30073 16053 26,80
[ stefC OV s f)dzC 35119 16518 10161
o {otetstf j2MCd2 B 33819 14295 67,29

A

U-GIsC tcOM i dzd iy wdr
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v OB dzdhpG@s 1 WW dydj dzls oo st mfgas o Hictso W dzr = ff j Ud 2
BZOSt qteso Cs2 (Fernandes et al ., 2011)
v dzd 9 ts vy lo oC EC
[ s OW 60,54 15,68 23,78
] Bdztsls OW 65,95 12,97 15,68
CoCOdzdfls 111,89 35,68 14,59
ltcsBSC 89" 2 156,22 67,03 17,84
v OB dzqyLst W W dydj dzls oo "dgctetgfptsio Hdzw  f j yd 2
v dzd o ts vy lo oC EC
1 J dzdzj s | 24,55 6,82 3,61
1 J dzdzj s | 79,90 1324 36,77
1 j dzdzj s (f | 94,05 7,73 7,67
1 J dzdzj s | 69,01 14,05 20,46
s s Mmlis SupEg® 15607 45,07 8,85
4 Ctstedzlz f O 10828 17,29 3813
Sty -~ 59
4 Ctstodzlz f O 10382 11,18 8,80

& lsOlst
s ©dzq q
sdsedd

¢cdd,
dzd W

BHWIs

"TEE QY gI— I

r

Iz
J
dz
s ©
te
GO
ud
d
| d &8
te ts
e C et
ts Isf

)
du
| dzd
J o

[

dzts duL
dzj dzd ©
dztsy Is ts

©

—“ICONNGIF O=R=a-IF~NGI—

aFgaeaI3aTagon
I@I‘-ﬂ.ﬁ.q—hﬂ. SWN W F O (/T:I]rdl_

A

dzj M sdz S dn
fn

te j 8" dsdsch ' d3d
s OC d &Bd
f 4 dzdzj Iss My BSER"jJ ol jisdts{dlis 6 d d
J dz' dzts

Is
IZﬁJfr]ISSO
f
h

al .,
Odz® Istcj n

NdeOdedw f
dzr 3 Bslsstf d
dzts tstcc Odzd
SHBWGEBH' (

9" Btotsr

qd bkdfo

CO¢ Moty
ftojoLB2Isd
f sMmisy ¢ J dedzts. Cls
COC OoalssdiOlIs

201
sd§ OF

dzf s oz
& d

8)
sB ' 'I_Ldzl’
oz oz
J
J
¢v), BEMde

IsOB dzd y J

B z ¢ tsd3, BJlojL s

U-GIsC tcOM i dzd iy wdr

sy d&zd o O,
Efstes?2 flso Ok

dimMmdzj Hise Odad 2 ,
HllsOdzd L dtotso © dzaztc tBé) ts of ® b ¥ ¥ d W i dzlg O
fsCOLT 908 Is

34 dedz’ J

d mdmis &
dud ¢ d?2

n Httso

B3 EEMistets?2 Mlso Od3 o
) Cof d3 oS P y2] diflstOads] uﬁﬁ_dzdlqul ¢ dd

v
dz' L s9 Odzd gziRg] dpj @i Bts s 3O sted yj ME s O
HOdzdz" » ©

Jj dzq tots 9 O dzdz

13,
2 d

B min & 62020

f4dzazj s
J az! & . I
1 dzj (&Q) dalasGste dpt=iedfts dieydzy. te ts

fry

sOC X J

H dzw
Is t6 O H dtoufL ttadiEnirf t5)lsoC dgidf s i dig J,
ZHB dzr )
Csdals o s dz!

ﬁmﬂgmﬂmwﬂﬂﬁfﬁﬁy@
B )
OB QLN F6ts2 dzOn

1 Csdzts

2O f j dzdzj s OR

i to

L dz0y

Mo tej d3j dede” d3d
Hictseo W dz' §

14
>y d e cC

9" B e
BJtojlL

f SteSH,
fj o j todeat

(&
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v OB dzdh3O wtej Hdzd C1 WWdydj dalsr or Btotsmso (sl) d
Fedzj csHmMtsH j toy O d Als ocjOdAstsH eOdz jdezls:s o, sz yj dzdzr § o A
LeCMmMy jteddsj dzlstse 5 MYy deOdzedy ( Mtse tej d3j dzdzOW ¢ Od3j dzdzOW
fJdzdzjls: fjddjlsr dL res2ded = ftstesH) d 1 MY j tedd3j dals t
(Mtse o d3j dzdzOW C Od3J dzdzOW 4yl dzOydddzd*w db. Bjtgd L G2 QL !
Cst WWdydJ delc'sdgdsypy ftej H) dzO Ctsdzdyj Mise j dzdesets tsftcj HJ C
| P: R dzH jodas)(Wdz2t5 @8O dzls J dz, BaP: 1 jdat s(a) § dtej da
lihifprHdddy 1E2¢ 1 jted (dz0 ) jdzdzj pdz * 1 jtedlt

dL d3j tej
OGC 24 154 201 1,25 45 186
ocC BE TN 20 6,1 6,1 0,15 11 5,7
EC 27 47 13 0,27 17 34
BaP 0,88 0,55 0,97 0,02 581 7,77
IP Bt 0,33 0,18 0.48 b.lg. 1,75 36
Suml ¢ v 353 324 22,2 0,9 65,8 1393

456 dzOMdes HOdzdz" 3 ( Avagyan et al ., 2016), Mmyde
sCOL" 90jIs &Bdepd®Epglistotsmr-l dcud HEE@H) fy oo jr t&H
yomisdyon. Hropu s ffr dz@ g dzOdz' des?2 MEtstesfMmisd ctstc] dz
o' Btiecsmse ftod or MsCs2 MCstesMisd ¢euigtef)ddy dzv 4 Is &3
sls or Btetsfydszdzd 27) .

18 350

16 - NB I HB
300

14

250
12:4

107 200 -
150 -

100

Birch Aspen Spruce Pine Birch Aspen Spruce Pine

Tot. PAH emissions (ug/MJ,q)
Tot. PAH emissions (ug/Ml;,.)

t dME®@BS 1 dOC tc ©OBRA' tcOL BBOR O, fsCOL" o- DO BB Y o
Stsf dzdo ©) Hdzw BBtOL Yytse M dztsdzd dzOdz! dz@ 5 e tstej ded J d3 ( NI
cOL dzdyde' = Isdftse HtejojMmddse . 1 dydww d ojtemda"VW GO
d btejlsd?2 CoOtclsd dAtstc tea{@iafivd @ddiz Is(teafls stets 2 Sin @iwids  dz' )
d3d dzd @30 dz! dztsy d BOSCMd BOdz! detsy L dzOyd degdw o fmd - HOdzdz =,
LdzOyjddd (Avagyan et al ., 2016) .

s HtejojfMmder n §jdzdzjls B"™ dzts tcOMmdItsistej dzts o
LEyOdzd twOLddydw or"Btotsmtse ftod My dc Odzed
Wdydtotseo Odzdzr OCJHEG dzdizPE sH o8 dgfipw o HJOY OL
Lo

0]

53
Q0 o O

Is
Is
a3 d Bl 2,22 HB 14,9 &ec/ [y MmMtslse j s

., s0C d ©k kO dhMisd Lkjd 5§ ] ddils.

= W N WM
Q. - E-O@
c w3 o
O R~ O%.
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Fedzj tcsHmtsH j ey O dr o BtesMtse IsOC Y] BT dZO § tSH YJt
(Vicente et al., 2015k Is d3j Is d dadf ,B LW Otc! dtsks 7, 40 N 1, 86 ( H
fjazdzjlsr) Hs 48,7 N 30,9 ( Oc ttHSHIH irOlslizy &3¢ 771
N 0,44 (HtejojMmdr j jdzdzjlsr) wts 54,5 N 23,5

dimmdzj Hso Odzedw sCOLOdzd, yYlsts MydecOdzedj dzOBBOIst
EPhzse v s yoOfmlsd ydzes?2 dz0ctekzLt 6 d ftedojdzs € orf Bigts
Be/ [ ryoCHdBEMStslse jIsMmise j dzdzts ( Vi cente et al .
fodzyjdedz" | © HOdgdzsdz dMmMMmdzj Hise Odzedd Hdzvw T
tcjLEzdz sOIsOd3d ( Or asche et al ., 2013, 2
Md elsdW dyd tetso Odzdz Gifny Mfisi Qisddg" Is=  off jd3IEQES d3

Il yjdzsds, MJwesdWdydese Odzdz" § ¢ 4 dzdzjIst IsdfO P s
M Hkzedd®Bd IsdfoOodsd. 1 Ik stej 3w COC MYdceOdzdy Mmd
Mo § o MsSdj o0Qtesdgf j @BJWM] ydtetse Odadz” §  ff § dzo
Zodetsdz "dd3 eor BtesmMOd3 NO d, f dafd  Iimtsods dtatiEoHdi tsoats) 2t X o
Mtsd Hddzj ded 2 , Mo X OO Hzdeyg M, v YsB J Ctelzf ¢ r i J dzdzj
9" Btetsfyr vy, ftojorhoOshdj f{stesetsar j L dz@wj dzd Vv,

fts WgsO02dzz. | J Mdsslstew dzO o MsCdj orfr BtetsMmr , dz(
B3d dzgd B3O dz' dz" 2 dL BT Ists¢ otSLHEZARO dzOB dz8 HOdzd ! f tod
fjdzdzipf s . Htekzets?2 fststods | Moy J dzdL € dJ Isj a3t j 6 ©
LOWdSMdtetseo Odzr fted MydeOdedd MmjtelsdW dydtetse Odedz” w
fsojHjded] IbsfdzdeaO ftod tOLder 7 dOctkzL COR, dzj o
tcOBSIsr . RMY sdz LIOHFddFO VY jedzdzfj fisfigeDivH Wai v, € 0OC d Btsd
o oty j, d B" &ZO tMdOh j 20 MEROUEGESE T zdzls ©ts dzw
e tstc Oded W Isj &3t j e Ols Iz to " ts lafrdizfH Wihtadishe dBvO LCQ@RM dztstetsH O ©
(St ewart et al ., 2020) ftcj HiNlsOo d dzd dzts
ftesd@zd Y elbtsyde o/ f sdzzdzj Iskzyd n stec Oded yd M dn Mtsj +
BddOffigfffz dds¢ 28), dmitsdz Lkzj i3s?2 © HBROh ddr =~ s
dmimdzj Hso Odzdd B'"™ dzZs EfMisOdetso dzj dets, ylsrso @ j alaBxyizizdl
CdzOmMMO o jh jMmlse, EyOmleokshds o BOL SOADddd ols
wodwe Isfpw sdseodzsr 3 cOL stsBKGOL dZ" 3 o' BtetsMOB]
BdtdzOmMmr . 17 dzd t©OL tcOB tsls Odzr detsor j Cwsi WWdyd,j dz
Ctedlsjtcdd US EPA, ftdmklsmlsoekshdn o cOLtats?2 (
hdesSCsets MY | Wdeftoe@. 9 fHstiso flststh sdzd dzts ftej HY sdztsy d Is
Ld&Oyddir § Hd&w COyifmkseo O otsLHEZRO o t©OLode O hdn
dimMstsyded SO o' Btetsmtseo 1 duv, YJ B StcOHJyYd sdedetsj f
et al., 2020).
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180 _‘l- Benzo[ghi]perylene (A) - Dibenz(a,h)anthracene (A)

- Indeno[1,2,3-cd]fluoranthene (A) | Benzo[a]pyrene (A)

160 —| Benzo[K]fluoranthene (A) | Benzo[b]flucranthene (G)
. Chrysene( ) - Benz[a]anthracene (A)
- 140 I:l Pyrene (A - Pyrene (G)
ID’) - Fluoranthene (A) - Fluoranthene (G)
; - Carbazole (A) - Carbazole (G)
c 120 Anthracene (G) - Phenanthrene (A
— . Phenanthrene (G) |:| Fluorene (A
’6 100 _| Fluorene (G) | leenzofuran (A)
"6 Dibenzofuran (G) Acenaphthylene (G)
© 9H-Fluoren-9-one (G) Biphenyl (G)
L 80 -
c ]
Q9
0 60 -
2
S
w40 -
T

Dung —
VWaste —

Keekar —:D]]

Eucalyptus —u]
Morus —
Shorea —
Saraca

N
o o
1 1
Plywood —DI.].
Mangifera —I]].
meiia <[ [
Ficus religosa —D]l]]l

Melia —

Ficus spp —:D]I].

Vachellia —
Dalbergai —]]]]].
Coconut

Sawdust —

Holopetlea —D]]]].
Charcoal —:D]]]
|
|
|

Brassica - |
Solanum —

Azadirachta —]]][l
Syzgium —

Woods

bagsCstst WWdydjdls orBesmse 1 du, dLdjejdede j oBjls
steOCydw ) dimitsd LsoOddjd jidsdsssets Ydd ko)
sL sd dzzy WOL' Meslkejlsmise j dedets, dMSdzs yoOw dzOW Is
i Mls d €1 dzyf @@veart et al., 2020)

JHSo Odzdd (Konieczy EsKki et al ., 2017) B '
OO LOGctewLdweshdn odh jMmlse, o' BtcOMr 9 O d3" -
dzj dedv (AJ) MM OolbtsdOldyi M2 Mmdmisj Bs2
Jd HB89 Odzd | 91C dz¥ing Bk Is O dzGded] dzdsols@, s H W@ B j, Is tc S
j ey Odedw frdzd (L Bsdzr) d cOLBBEOLAZ = 9 jh jMmlk
Odedv COd3j dedetse s kG dzv , fJdzdzjls dL =~ots? dats?

Msdzdzj ydzed € ©, Ctstcr rnoB2dzr = Hjtejos jo, O ISOCY
CGOa B dzd Ctsdzdyd Mise j dzdets tsyjdzjdz" Hdzw OdzOdzdL O
OBLHERO. 1 JMdidtslstew dz0 kdzkyh j dzdwy CtdhistezCydd ¢
or MsCdd3 MtsH ey Oded J d3 { dzEQEJ dzls@lstezts dstS O Uz'6 alf) detls H @
OBLHj]2dgB O Py Mlseats otsLHERO. 1 5dzO, 9" HJ d&zv jJ dzgOW
L dzOydts j§ trdzdzsjsBl8g 6 5 EZedzj tesHO (TC). 1 Ofteddzd to,

MyYdcOdzdy COd3j dzdzse s keodzw MMisOo dzv dzs sSCsdzs 460
T MeC] MOCpozOdE P ] B dOttkzy jdts o Ldzj sl fi

IQ,I3[7;5~5~ ==}
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520 &G/ cE), CGHJ 98% MmtsilsOTp dzw lzts s JOE PEREd| j 5] 2 Sisc
My d ¢ Oded v 114 dzdzj s dL Mdsdgr, &kzLrecd § tsHMsdzdzi ydzd
d LjtedzO wydzgjdew B'" dzts Moty dd3 (v OB dZdyoO 14) .

U OBzl O dwBsHJtey Odzd d fttsy, dalsdz § Htsdzd Whteds k6 dzj
(Konieczy EGski et akdzj,ls 2HOGLAZZEB & yN[Ds C ziddf@Gw® flsf 2 Sy wh
fpdzts 2 .

ocC EC OC+EC
vd s D v dzd o 5
B/ & % BS/ ¢ % B/ ¢
11 dzj 2o s stz 47,83 66,81 2335 3319 71,17
200 lls
[ i R0Oddyd M¢ 2552 2354 8292 7646 10845
ejh jlsC O,
otHEte j 2 dz2 D
CFB*, 295 |sOdjdedz' 2 Ec 2276 69,30 10,08 30,70 32.85
jnO ¢
AR 8,46 923 8320 9077 9166
Bsh dats ffls 'S ¢9
s Odzj dzdz" 2 Iz 12418 2790 33414 7210 45832
1 jdzdzj st dL g 79,36 11 2064 T
Htoj o jJ nd dzr
1 jdzdzj Ist dL 4394 4855 4657 51,45 90,51
fi) s dzts o3
ug Misdtelz j o3 i i
S emo Ry Cp ldddilst du 11280 51,15 107,73 4885 22053
Y delstcOdzt dzts 1 j czdzj st L 2804 46,01 3290 5399 60,93
slstsf dzj dad W f sH ftsdzdzi ydzc
sStste® nots?dy 112,56 57,66 8267 4234 19524
1jtedets s MO 50932 98,35 853 1,65 517,84
1 jtedzs W yd3j c 2220 56,07 17,39 4393 39,59

1jgHdzv MOk dy

l1duyd Hdzv MOEkde (SbBenfwcB8hhbvgskzmMBBE2MIsoa O Hdv |
Clstster J ) shdtso detsds dMmyf sdz L 28 Ismw ) Mmd oJ todz" -
LT o Oush dfi jj 2dB o6dQyj Mlso s oatsLHEZR O d € dzd 30OIs. |
9) Br dzO ftod d3j dzi dzO@ detseo OW Cwsdzyd f ydw dL d3j ted
JSbdodzsfilsd d to] Gda'ddgfr eddacEtsAsa OdRsdy d cOL
JMlse Bls SS. sttsdz] Isets, BN ZO ©OL tcOB t5ls OdzO
YO orBtotsmse HdzW tsfftej Hjdzj dadV detsd3d dzOdz! dz" -
Cslstes? ftojHMIsOodzj dz of jted d Jlso § tedzd = d in@ fipls
CGOLtse tsIs 10 wWOLddqyder = Isdftse SS. 17 dzts 5B dzO G
qdzHdodHEOdD dzr | ~rOtOSCIjtedMmMisdSd o tlsdatsh jdedd o
ssf dzdo s, Isjfdzseots?2 {WWjClsdodesfylsd d o' Btasmtse .
tcOL dzd YO dzd ! ) Hjowls! tcOL , 0] Ctsdzyd delstcOyd d
Fedzj osHstesi fEed Blapaes0 t©OL BiyHE ©OL dzd ydzr &sd i
dimf sdz' L so Odzed d M- 2 ( M 9 dzOy dztsmls ' & 11 %) |
dmyf sdz! L se Odzedd o dzOy dzs?2 (fp o dzOy dzsfls! & 18 %) H 1
Csdzyj dglstalstifE hd H O ke dzj etsHO ko j dzd yde Odzd fiy! , S H
Cdzyj destcQudd dwy d yYJtedesets Eedzj etsHO ( Yfud) L dzO
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MteOo dzgj dzd®¥ ) MEzAt?2 HicjojMddes2. 1 OiPtg PR jet®OL Bts dey
fed dmMisd L so0ddd MEos?2 HijojMmdd 5 MeOs daj
f stesHORRd HtcjodMmMddz BT dzd tsB dzOtelzy j dzr T330€ @ @GO dz!
ESGHO COC Oz ddgiy d@ikd fl Cstets?2 d BjL S’ Mis
ftejHdzsj &3 L dBjtejdeder j of Btosf' o {lstsd dmMmdj Hse Od
ftejHT HEN R o Mff@PhbarOsdufse]. Cbts Lotk jls {§ts
Yj s d CsdelsteS ydd §jui?2 HEY MOkdy , AH EfslsOF dz2 ¢
fjLbkd kO 1lses Moz Hse Oded™” B dzd dMiBd L ¢
COHOMswm®S §ftode j dzs ¢ Mmdedy jdzed¥ By dzs¢ tBh R 97

416 G dzj € Istotsfls ¥ & dey BB  J

Cdzj CtesMsOddUEBI (B EfmMistcts2Mlsots Hdzv € 5dzls tcts dzw
ftcj HdZOL dzOyJ dedets] Hdzw EdzOo dzdo Odzedw d EHOdzj dzd W
GOLBo, ®BBOLEZEMdaMmMw o tjL Ezd IsOEJPt s 30| daRi
1L dzj CtetsMlsOIsdui MEsd3 LOGWH] " dzjo"a yomsdy o
yomlsdyr ftedkswedoOs sfmpw € § &zOMisd dzOdz dqdzd Htekz e d o
SBSGHO B0 Ctdzdzj CsttOr dOCOf dzde Oj smMwWw HESMISOIStsSY
Ylstse’ e dIs fr dz , ColststceOY ff SH Hy2Mlseadj d3 Mmc
EmMstes2 Mlsotsdz. 1 Olsjd&3 f§r dz! EHOdzv jIsfqw f f sish @ s
d dzd fJtedtcOBBISC (Cheremisinoff, 2016) . g d m
EMdzO" | 288 J My sd L k] & J HdzZw o' tcOBtSISSd s dz
¢ sdzd3lz dzO dz! dz" - dzlz % H , Brdzd dMmMmdzj Htse Odgr ESPp  yJ dz
(Ghafghazi et al . ESPaz) T sdz' C BW gz 5 4 & S B B EzO 63dz] d
Wddzt stcOd3d, HXRZOSt tdd dkzyhji OHOfldtetse Odzr H A
LW ¢ dndfatedd® dzv s Isfpw i Stelzf dz" 3 uOMbsdyodd (t dmizc
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t dMEz @SS CWYWjClsd aapt fisss Y of z%sta@o dMd ssMisd Gl tOL Bj te
fMteOo dzj ded ¥ f) Htezedd olststed yde &g 3 stsH OBd. ( Ghaf gh
Clf ddz' yy®OMlsts tWOL OB O™ 9 O Isfypw ) Ef tetsh j dzdes?2 €
ftotsd3r h dzj dzdzr d3d OdzOdztse Oz , YlstsB ’ mMdzd L d Is L Ols

MesBh OjIsmMw o ( Nussbaumer, 2010a) ,kz&Oatd] s &Gdgdsy
iBsdzj J 90 %, Isitdcdzie@ -6 @fdeizQyjQyvfigw  dzd h ¢ a3 toj dzdzOW 1
FPtetsodzj BCtsdzs 50 %. s s B3jc Ofls jsdzdpw, o tifstipaEiEdExz an>1
CtsdzH | &zl ez § d3" - stec Odzed yd MS d = Mtsd Hddzj ded 2,
dzj 5§ toj HJ dzj dzdz’ o3 Hndziz y© Hidsty eHezlssodmizd Axfjfirir deig' 1S o OdZCf
d EzdzEzh j dzd
(Bafver et abtsi H2 Qg Idsilatsims@dsdd yj ME sets W ddz Ists
BOdzs?2 f j dzdzj Is dats 2C tClstligjj des i &RsMlisls .6 130 tedmikzdzCj 30
BZOMmMmr SslstsB tc Odedz J ZzO0 Wddz' steOn, M OB H jdoy Odzd
1 dzj d3j dzls Otcdets G tEC) zc d2jtedfsH O W W j C Isd o dzts d3 (¢c1 dzOe Y t
MsH j ey @Agg Mmis O o i@WakztsEGI 13115 % s yOfmlsdy §jtejH l
ftesntsyHjddw OQfiefiB OEBPZz tSCdts 50% dGOMMTr Y OMml
o j dzd uj ded § OB dederg iOnisfougdiif CiHE@MO W - sH W N d §F S @) On
ESP. (s dydls MoadHjlsj iz Miseso Ols! ROMY SEFRtetso C
oL Bsy dets, o Mmdzj HMlsa dj H@HJdZCfW77|SA1(IBW@lSIZt@HJCdﬁL
sj B JtcOlskzter o7 Lo Odes fsMmskzfdzjdzed j &3 atsSLHEZR O o
fcsdzzdzj szydr tteeOdzd yj MSdn fntsJHE(dzfgtslzfqlﬁ’anlT(ﬁGWJ&Slsq
lted fdzsatsdd MetstcOdedd Eedzj ectsHMmtsH jtoy O 4 fMtsj HC
yomsdy ¢0¢ Hts, OSC d sz ftesatsyHjddw yYdtejlL
dmMmdzj Hise Odzd d L WWJ CIOCorzZsdg® ' H th ©di2] dide 968 MisC 52
J Hdzs 9 to ] d3j dzdzts L WWJCISECo s inls ® o di¥ idADdzj 829 % 95 %.
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LWWJiClsde dzsyls ZHOdzj dzgdv BtecOdzdyd mMS&dm Mtsg Hddzj
9 j oW s dats, Mow L OO f BBAZjj] o' MsC2 Misjtfjds
yomlsdyos fjtejH ESP, 9" L 9 Odzdatds? tspitwddi & o dzdL CBERdzj
9" MsC 52 Cisdzu;dzlstQOuchQ stceOdzd yj MSdrn Mtsj HJdz] C
MesteOdzd § d3. G Isqd IIBQOLOISszcf LWWjSlsdodzsmisd H dzw
al ., 2010), Ctbtter j LOWdSMdteso Odzd HEts 98% 1 WW
400 7
350 - ( o | iZUnknown
= = ..
O 25 P mOoC
X 300 - Y g b '
— 20 o : :
o 15 1 | P mEC
LT R R - —
E 5 : .
S 200 | o M o
= L In1 In2 ou 5
e 150 - : E
2 : |
g % 5
£ 100 - : :
[T : i
| o ————r X a
S 50': A o
- T A3 !
0 A —— = ’ - — . ._|
‘\ In1 In2 Out /! In Out E In Out
Favourable combustion ‘Poor Combustion 1 : Poor Combustion 2
t {fMkzasS s sdzyj dzls tc OROYOC duz) M Izt fd %  ydbtg plsddgtizn 7 = [ 8 ES
Out. = 1smdzj ESP (Ba@fver et al., 2012).
(Li et al ., 2019) f csH | d3tsHds)d ts e et @sdzd , § J uelg t
cdzdL S sIsj BYf j eOIs ztocdzr dze ESP mMizh jMise j dedets o dzd W §
CtsdzH § dzmd telz § d3" w so jtoH '™ A yomlsdy (uvy). CWWjicl
CtsdgH j depdtclz j &3 = uvyY ko j dzd ydoe OdzQdijs -~ g 6o @y jdday |
9 fSHJ .
(Mertens et al ., 2020) of j tcarL jd3] toth flzd B Is Q asdlafdy
sMisOlsydz » d2OdtyoOmisdy (1 865 - SfHRdEEdjIs o ddnls ) df tc s
HdOf OL sdzj d MEGte I flzgzts B3O M lsOdef: f esd3” h dzj dzdz" - z fr
s tcOd e Fdgff tdels tdzOd dzz yh d s H szl 6 d3v Js BE diAd IS B diste
Ylsts 1 WWJiClsdo datsfls EHOdzj dzgdV L OctewLdgwshdn o h
Wddzt stetse  ( ESP) d ttkCOodyr n Wddz' stetse ftcjor hOj
LWWiShkdeodesmils: dzj d3dzesets Mmded y O Isfqw Hdzw yOMmlsdy te
fs ojMmMk SdO MlOjlsmwy orhj 99% HAY ttEZCOodr 7 |
fsCOLro0Ojls, vyt ft ydmdzz yomlsdy tmMlsOlsyds j
sBj M r dzd orOsaffdzd ez Is ) lstcr asd3 o dgj M tsdzr Ct5 ff &
mMeslse jIsMisakzt s EMisOdztso dzj dzgdz” d3 ftoj H] dZOd3 o' BtesMmts
dzj L d&zOydlsj dzj dz, dzj Mdisslstew dzO dr ydmdzj dzdzsjy f tcj tsB
St OdzdL Oydd WHiKEAoRY - 0O dejOlgdE IsMmVWosthts Casjdyly das,tc Oy

SBEOL 5d5, dzj GOy Osl &Odqud] dJdd skhkkfiks

90
A1 v-GilsCteOh idzd iy wd' B tdomin S 02020



zj HsoOdzgdj EZCOLTM90Ojls dzO dzgjtsBrtsHd @EsMmIs! H Od
By der &3 99 jHjdedj BB HBBY Sdzded s j dz! dgr 7 toj S tsd3j dzH C
d ydetsmls d eor Mtk My smtse dztsmIs ! zj cC 5 f te
soj Ctsd3. 1 SHstsB dptsic Oz dz'Mley © d HOYJ §toj o s BH
LT o0 dj L WWJClsdo dzts fif I§ ‘dzdAgis RAdsfgs "ndp tisfigts /1L sts o 2000z
CWWJ Clsd o datdls + ) HzeHd@JAL, telisfairdaT) IS d 8Os, RQP9).

sts6 s, co¢ slsdzy yo,ls ( Nussbaumer , 201
dissmis: &, ybsts tsBjMfjude Ofls tseH dAPES Wslz scl3tsiy i ds
sd ¢ MmMddzr dzsdZz ¢ ts9 Is stcdats i3z . HEA BigetEsgp,z O G dzt
ftlesOdzOdzd L d tetso O dzd d3dzts ¢ sy d Mdzj dzdz" | Is § = dz
dodesfmils! dB@Esy s 90! qtetso Ols! Mw sIs 50 HEB 8

1E48 —

S NS NSO [ OO
TOFESTF-IFAFS
Ero@gFrngO TS
—RrooOg O

N~ . F .
(2} ST

1E47 —
1E+6 —
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1E+4 —| AL

Particles Size Distribution (crr3)
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0.01 0.1 1 10
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tdmMzd@s@tcOodzj dzdJ dL B ted dedz" » twWOMYtej HY dzj dzd?2 YOMmiIsd
L dzy SIstesMmilsOdzydw -, OB SISO h dr dz2O B dsd3OMMJ , smdzOh §
(ESP: ElectroStatic Precipitator) dL tOBBIsr ( Mer

417 s O Od&dlsduj MSdj c¢tte] &t d

Rfmdzj Hise Odzd j , fteso jJ Hj dzdats | (We hl er et al .,
LWWjSlsdeodesmisd Istejrn MdMmMlsj 3 Cdelstctsdzy or BtosMmise
Hicsowdzr m ffjyon: fotedmlssets CjtcORBdyd MEsets 1 dzj o
l G Ols Odzd Is dofupjdif Sdg d3ff XSS AslaQ ddgfoL P s Gfi d fiffasdes S 3 2) .
Rfr]l]’fls(Ddzo[W ftocsotsHddzdMm! o bkfmMdkzsedwn, BddLSdA ¢
tesL Yy dc O, tcOBtslskz §4ud f(tod desd3d dzOadz! daets?2  YOMml
IsaJtGHf: Wwodn lsfsp teL dzr = o jh jMmlse, O kOSYj tOMmf
ftcj sSBtcOL soOdzdy Joazezicts@tsd sCOL Odzd, ybts f§tstedmls
sBd M juyuydeOdz L dzOydlsj dzv detsets MsCtc O jdzgdw o' Btotst

COlOdzdlsdud MEdds OSIsdode d3 fsCter sdd d3 L dzOydlsj dz' d
Yyomisdydets?2 dzOG tolz LiESEE M IHSO 3R Qlrjsicdms®H1IO% H dzv  Stce Od
COLtsBtcOL dzgse s kEedzjtesHO d HB 41% HzY Iso jteH' A

flsOklstso 52 WOLj B’ dzissCusOimsffy (ol jsdediiss QRO &€ diEQd o @ fh
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fslsy dzydoOdz MsCtcOh jdzdw or BtetsmMse MteiHd oMmjn dmf
BN dzts L dzOydlsj dz' dzr a3 dzO ofmjin { sOlOARsE Yy Gd ¥ ¢ dzj s
HtS 58% Hd&W GOy Mitets cOLBBKGBOL &Gt k6 dzj te

org.C Emissions
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o

CFE ovi HC CCFE  DYIl CFE oYl HC CCFE  DYIl CFF DYl HC FCC oyn

{ M @SS t jLed O dMfr sOdd?2 cEtstejdzgdw. ) tsteqdMmlsr 2
fstedflsr 2 S jweOodrdyui MSd2 1 dj &3j dzls & O%b @lsAg dedf Q@ )16 tf o5
W sted( M®)s, DYIIls i Dtdisjt s\ipkler et al., 2017)

] dmmdzj Hso Odzedd (Hukkanen et al ., 2012) COIsO
COyJ lsasged ydetsBydzdlpyj jtedzd v o' BletsMmiso . 17 dzs ftotso j HY
MtcOoadzj dedj o' BtosMmtse o EMmMdzscedwrh dttejddwyw f € OISC
® WOLOR cOLdWdSeSOydd d HtseBteOddw, O OS] o I
EsLYdecO HB L Oo j tedzyjdegletds®dafeds daff n @ COGdzj tewri) ¢ d id
CGOLO) (COdMmdzhtstioic@dzf Qj ME e kZedzj eBHO G OL BsB t6C
si BB j teOsktc® ( HOo¢ dzj dzd J dL d3j tow dzd fy+ ts dzdzO 2 dz
dmf sdz! LsoeOdzdj d3 COOdzda OIEHLOH W ifdRy'j dBic@Rjof § , O C
sj Bf j cOlskzte® o1 h j, Ylsts tBi widgw jIsfqw Bsdzr hddz ¢
sCdMmdzj dzdz" = C OlsOdzdL Olststetsdz. wdzdy j ded ] 4 8" B ©Ots ) f5 fy!
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yqdqeédz estejdedw. I s oatcjdZv WOL' HEBSEBtOddw BT dfs

80%. [ OMMO: (nEdfplsidyy v vyl OL etsHddzOBd uj MEdd3 ©LOL d3,
Mded ) j 2O d2O@ 3 0% L O o jfMm!' yYydqeédz cecstcj dafhismisDe d dzts j
44%, dzgs © WOL] HBEBEOdd" MsCwOh jddw dzj dzOB dzt
Fedzj etsH, 9" Hy dzfnadizdf. Jf dzff i)+ v 2O 56 % 37 % Mstslso j &
coLdWwWdeoydd. wdzdyjdedy o' BesMmtses yYyOmlsdy B dzZs L
s Istsds, Yysts COOdzdL Olststc oatsLHj2Mlsalkzjls dzO yoOfy
SecOdzd yd MSdr § Otctso Odzd HOMY BsCdtstcd figgzlsn B 51s j dzy
CO§Isstcd wggetsmded  j dedwW o' BlotsMtso sHdZOSC s Hd&V Htsf
dzj sBRtsHd BOLIEOS K rodiEsttse dd kZdzzyh j dedetse s ¢ tstej dzd !
{ difzdzs$¢ 33 HJj d3ts dafdsdipfftddz) jHly) digj Gledddd plejd Hodzj 2 d3O My’

M COIsOdzdL Osstetsd3 d BJjL dzj G5. I ud 9 dH dzts, Yylsts B
stecOdzad yjMSdads ajh jMmMlsoatsdz, kdRgjde " jdzO o HJOF OL 5z
tcOMftej Hjdzj ded™ L OlstetsdzizIlg@, BwjfdeWjjlglz Y sy d§isdzis @ iy ds
fpded y Oj sw o d3jde' "j2 Mmisjfjded, U BtecOdedyd Méts
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Mz88sSate] Hdz § tOMY tdsjor jtomORplsid yl3dfpfy’) 5 t6OL d3j OB
dMfsd LcoOddjd SOOIy MSscts CtdojtelsjcO® (CA
dBsh 6 dzdL S st HOodzj dedv ddi3f OCIsstc® Dekati (DLPI)

{

f
]
H NCWjTIs™ tej, Hlsaesd CAHukkanen et al ., 2012) .

d
ts
az
Pesds dmmdzi Hise Odzd d dezlslsd3;qu24WWJCIs Lg!
Edts¢ 34) zO or BtosMr LOGtwLdveEhda o J

JHBoaOdzdd BjtojLBOTr ] Htesa O My dc Odzd M 9 HIic
th;ls,;tsisdgcuftss ftcd {1 Istsdg 8 COyjMmlsej COlsOdzdL (
d dzO. s SHay [ dels(iefCaydddd- dzts tc d tc s 9 Cfdde @ ts ¢ Hf[edatsdaL ts
dZLIszzthdzisa) nZStoW j dzts dzts 9 d 1o (f =sd
)
¢
H
[

aog@EI—
PNFFOORIT
FFo-—0noRaw

SHESICBSHSO ) (Ddz(Ddzo[LqtfslsaodchfnJ dzOH tsaBfEdj W OL OR
NYd Hdw eofmjcéts yyYhmzP/bg stc CREO.ZJIsdpEHHsc s
ddzd ! dz0 Lkttsedsj, t©0Odsjj dJL BRjik,] dedzetBrize ff tod |
mr l1duv BJL COlOddlsduj MS tscid 5 ¢ sigpdyjldads j 6 O
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sdf dydes Hd&zv ftstydsddtsets MYdeOddw Hij o] Mdsets
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Csi WWdyd jodzls tetwfytes tc Oy j dz¥ o RAJSCAdzN@ d K dzwp j 1 jpfgls ©
fMizdz W Otse, OdBsddY d ddlstcOlstss L dzOYj ddy of ttOY | dz
yd s d&zo: ARTEMI' S d WLTC. 1 jdeztddztser j Oolstsdissddzd ff to]

O HJL J izkdzspyOls™ o3d . [hde¢d BlstsBtcOy j dzr 9 odHJ] Mmlisc
(Kostenidou et al., 2020).
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s 0¢ Bk td3d dzO dzts ! 9 wOLHJjd] §it4 l kztEietmghederlss B
stee Oded Y MS drn SOB! .tetsL(tDdzjo2zz d ( et al ., 2019) i tc
nOttOCIsjtedMmMisdSkz orBtotsmMise e Odzd uj MSdr Misj HJdzj
M dmMfitsd LseOddjd3 IsjtedssH j MisteB yd tsdzdetsR? dz@ipfiz A3 te ok
M j Sltctsd3j Isted d fi) Ldzj € Istets d@RZEHMS )o 5 LAH | 20fiColalzj oggtat
2 SO (sdzj IS0 52 d WUMMSI 6 Y ( G CPieiSBOET uj NS J.
ftsjHddj ddy M dzj zOfr" " jdede" 3 L OBy Misdlsj dzv i3 C4
9" B tets(MsWOC) 9 o' ndzsfdzr m cGOLOR BjdL ddetser n Os
Wddz stetse, of f tsdzdzj dzdz’ 2 frVUVEMSES dz! fLLo0 d@Xfdg, i3 W3S 11
9" Btoetsmr wtecOdzedy MSdr Ot esL sdzj?2 B dzd Htoj d Blzh j
RMMMdzj Hise Ols j dzd tsB ) jdadgf dgd dzds S eBTigjs M QRO st zB
f OtcOd3j sted L Oy §OAdgddzv o "tRUgiHAEE § SIsj dzyd OdzO dnr W stec
Yyofise tSCdMmdzj ddy o' Btesmr | VOCSOBB j iy jj rudfdizddzdi s %B
(BJ doL 5z, Istsdzztsdz, M %etsdt tolefc d Js s 1§ difd Bsdfiz) i B Do |
orBtoesmtse | VOC BT dz MlsOBddzj dz 9 tOdRE On ybMmistso t
HOdz! dzj 2" § MsCtOh jdzdd o' BtosMtse IstcOdhf stclsdz’ -

d

sBtcOL s Odzdj SOA d Lktetse j dg BOMMtse 52 ¢ sdzyj dals
(1dmMzdzetsS 44) .

t gz Sl dzd W dzd PS sdzsH Ols j dz! lse © &O o' BesMr vy, o ¢
otstedydy 7 GdOdd yjSHAdDr Oz ttsetsdzja?l .( 2019). uvtOd
CazommMdW¥ dydtekzes sy s MIsOdzn Otelsz M tols § ¥ dz€jds) disfH dats B to &
bt Odzitf stelsdzatsj Mtej Hlsots MisOdeH Otels® Tier 0 (TO0), ftHd
stcOdztf stelsdzr 7 MtcjHMlss © MlsOdzH Otels® Tier 2 LEV |
Ed steOdzd L € d 3 Ptetsodzj 3 o' Betsiise (ULEV) , fwls!
My jtezd StcOdzdL So &8 Rigts® dzj(dsS ULEV) d h jfls! Is tc O dzf {f
yofjlsdyde 8 dzdzjor &3 o' BtesMO®B] (PZEV). 1 tMitd Sk
SHddZOCBer jJ MIsOdzH OtelsT o' BtosMtse, dr tjLEkzd sOIsT B

(Chirico et al., 2010) f{tj H fipddways tsd, &F Q@ dgjde jis
B dzd R OtOCIsjtedL o Odgr ff jteodyds 2 ftsted Oded uj MS d 3
sBtcOLBoOdzdj] obttedydetsets e Odzed yj MEsets O otsL ¢
Csdgyj delsteOydv e Hdw kstejn HLjd d@ 7 Oobktdkse ddj :
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