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Abstract

Thleygroscopicity of organic aerosccllsinga®d) i
environment aHowiemmact € he hylyr oe ma p h scihjpag capcl year me
espedinaltlhye rel ati veloyn pgdlel diNoe & |IINaGERRiwe ncnenmd uct
Si mul twainnetoeonsta snuer e ment s of bul k aer eswnld ,&Mami c .
bul k aerosol hygnads&Edp it biet WaC®d auBtMunrge | & g a rgihz e
aerosol spbe motna@™ro-ACSM)nd a humidified nephel
measures aerosol | ightQx(cAtmetr licoadi caud randbracdhame n t
Q2 ( andul Kk aerosol ¢ hneenai scuar | ev s ngseoveelit @ ppemdi I t h at
variireda wiwde hrgsnnge cant dhearddt irvaendyieahtimdnssd. t o
0O2%with an( Nalp €08aGI6)F or t he .Ehéeird & estatsdghl y corr e
wi Gif ractm/ezdn omeasbye-CMHACSMan i ndioxatdartr i oih  de ¢
OAR=O¥ Yandrteheatcansheppar & meltOér ifs206 2Q0las0. @: C
0.02sed on the relsando®gICi p-ab&AtCBHdDMa viEY lhge,
readthhee mi (nd2mnm t he mor @a mtdh emne aidn aOp7e:d3 gt mpeeadkh i n
val uElemdar THeda 3®dwmarli atfli omesr e hi ghly and positi
t hosmeasosf fracti o0ARofB).ogX y qdlrhathe dhgt ochemi cal p
adomi namorrohe Incneasaet eResawinn SCRidse motniddhyeat e
pot ewitdal applhuwmitdiofnise dofn e pthed eotnfedre r wistyls t @ enr o ¢
me as ur & onennvtess ttihgep g r a g c AOPAI d int w ao fi oy s deirdyvhirhogntnte n
the paramelteas zati omcobifooesse®OAnagidagtprbe col
transpor tbemodeel sevfadruati ngl bhé f, mmpaaantossopohfer QA& C

anrdadi ati.ve forcing

1 Introduction

Aer osol hygroscopi c gr owt hatpnioasypsh esriigcn ipfrioccaens
at mospheric radiation transfer, cloud for mat

chemi stry -paond -ueevi éarp adlit rh a etdiif eerceeésou @i al ofrmer ¢4 ald |
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cliimante@nvi rtoaalmea@rtgani ¢ materi al s isn uvasmumflemytr ea
to orgamns({OAperoswiri bute substanof ewbomy rtidud b
t hant en@abrhi cron aer asdderryp d3ritenecel eez npah bayl g.r, 0 s2c000p9i C
par ame@®Petters and Krodi derngwaenii dc, p2e0i0s7s al sk e(y par

i nvestigating the rol egfeoafci emrgg ancilcouae rfoosroma tii

c hemilLsitur yand Wdemo f 2t0M2@)%ndc rse f ©d secondary org
(0. iBdx ramesublbp 4O%ncrseasneedi cted <cloud condens
concentRaastiakn etr eaplotr h @BHO b @) aver agef oaeonvionsdod r

dease abputshodl d ncrferatsnre0 8. Whiicht bé same order

(@)
<

erall climate forcing of ainndu sotpropgeel nii@oh ¢ai ea aol

—~
N

OL®por toerdg atnhi act iageuriods owat e r3 2ckoond fp & bt iti ejldie @ 8 wa t
contienntBebDg d migt. mp o rt,t4a nhcaegs ot ebernwe | | characterize
extremely complex chemical compositions of or
more recr hsegdteisnpor aloffamnadtrieamti onship with &
compostorte adsteah ar actandoznet iuopn wpphomar amet er i z :
schmeisn chemical, meteorological and cli mate moa
The | arg®OAviae medys tiint uiedhit fsf imaklets Kt ot dpeecfl g
or gani cc oaneproossiiohl e oa®hAe mc o mp o s istiigohnt | y t @wo ntwteedcidrteid| e
organi c ,whearheg saolrsso r i ch i ndivfafrreagguyt ad n ca nado me t f
sources dh®A er ent X isda thiechm viee®sgadfdftyegtrems d oypi ¢ g
Thus, sffuade s fenent slecactadniso nriseipotcibhmadtact er i st i
studi esswwkatdegali adOQlrvexn da t o(foenp rleesveent ed fhyac®:i © nr
m/ 44 OAfsy whairceh det eramée meslio!f r mans sne a p a c)eorme mets e r
hygr os d®hpancg tet,L aamhhe tODlap I. i, s 2y Meti adt. ,avie.0d4 112 0
al . ,;H&md 3et ;Cahle.n, ea2QMa8s s ol 2 0 Bd nfdolutnidia Ra@viedrla g e
gener al Isys iacfrierastei on of or.ganiHo waehreo ssotla toixsitdia
relationshiagnteOwEfexatsinecbr among diSefveerreanlt ssttu
have aamlas ¢ hed dvarineediapact ellr iasdii fcfseroefnt sl eoacsadn so
Cerully ;Bbugl at i 2 fDleonegt 2d8ID& In g2 Oelt6Tahlal ma2a0 8,9 al

with some exhibitingDednigs teitnzatin od i eu2r(BBa8l g jvad O 2% i
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20)abnd ot (Cemrulh gl FeDesapli.t,e 2t0hi sl, itrmet Isad urde least i0owne
North China Plain (NCP) r egihoen dairuer rveelr ycllh a rma ctte
onm he MaCWwe not bee.n Tlreroeft@de,s bomdradii wmnalntwar ihe
I anidr®l at wo DAdOXx ipdatiesrerqlueveld to btedhbencinadest
the NCP.

TheHdumi dity Tandem Differentioal OVON ilda stnyb efenna
wi del yf oarsreas o | hygrosceoapPotchHY MEngrad urseesnoel nvte d C
measuremenbBel y bealuwietddciterw t che mi(dBDZ MAS: malglaynet er
bel W0 ,wiint hemor t ed hiogfhes (haethiga redt),@rC Nw,i dZh0alnbet er
up ~2®@0 (Znrhmang etRoasle. ,et).Bli 4 ,a&0dDol particles col
optical (Berogpienr teg@Qausan n |, e tChd&ih gl e2tMRDOWB Klu.a,ng2 &1
al . ,J)addl8erogwi d Baweat cadmt,emd®tlidnaneatbsuvalbi pr
di amedmge 200tinmwthoHThDMA eanly §CONscopi citynonmeas.
repr.Resmutl t s fr onmhaswer erreadlb rstiteuddailtellsya t di f f pa retnit ¢ lad
s zZler osch ekawdna eeiDdallg. et 2RdA6 , e x2enbpgl ee,t faolu.n d( 2 (
thhti ncrseathk t h® ni npcarretaiscel.e Tdreys ediraamegthdrs ghtur &
for char acdt eorfi zlaatrigeemr opfarti cl es

Theumi di fied nephel ometer system which mea:
factarso widely used in a@riaosc|l elVipd olg ¢ @2olsEc o |
par anjerteetrri eved from measured | ight scatterin

I (Chen et Kalang 20MwWhlich 2@pbFesents the over al

©
Q
—

t i cleas wliitadmeftineogs 200 nfrmort oc ABrOt0i n{ewnet ea | d i asecr uoss
i n S2fcdr. physical llund®ss nhanedtihrdige voafdb get hlew | kvi t
aerosol chemi cah( marmpiocsu Itd toen smeotft erM wi t hti aer od
corresponding to ampm@bio k¥ 6ny hassiswnre tnegr sopfher a c al

par tdiemlsée ty il Tah Glecoeeriedaendet hygr oscopiosiol y ¢
par tiirc ldielmemet @@ Or0Oa it gBeOt0 Innm.t hitshhesghdyscattering
f acstodrotPMo( particul ate matter with @e)odcymdandM
partwerdneasated rur al site on the &€POosSml wdmer

composhy capsur e v aopffolriiageletro sl me he maoamil(t®Hp-Eci at
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ACSMBY i nt edreasted info e as tir elmeing sder ama@ldrtel ati or
bet weean@Aoxi ddgrea, asdwetVvhakbafili del uci dat ed

2 Site and instruments

Fr olfiNovemb@December coMit8 nuous pmegass wwrad me rotpd
chemical properties oafs aweblilends ametosod o lpoagritci:e
temperatur e, wi ndansipéadi aaead hdmir dicitGpuocivenge mad
Di ngxing county, HEbeips asmggtaenn ckec,o |l Olgii ca and
Met eorol ogy Station (39A0906N, 115A4406E), of sth
|l ochbeeadveen Bekm)i ngnd ~-BddPi,ng wo~4@rge cities o0l

anidsurrowynded md and and small residential town:
2.llInl et system and instruments

During this Ifli eil ds tcraumpen tg: scwoear dei thioounseeddt ¢i onm taan
t empehatad rme st coh&st Aime¢ selaemadi citrdleeatg fsojmh e e ms
aerosoli sampuludnegpisay Bldhgr.ele. i nl et i mpactors ar e
t weMd nlaendeaRMi nilreetspecti vampi samphengsol partic
di ameter tleand ti Naarf i loG®widtrhi sloé n gwdplmaced downstr
ead®PM i mpacwbrcddrioegite RH of bxd bhpkedt Aus, sampl
particles can be ddietaitdeodahadyrierma mdreyw es tyaaf®PBVIC | Anp
(mass fl ow cpwumnvwe claldeerd) faonrd aawtnopneadgigct tftd haedncshu r e
i mpactor r eadfhleswotfthéeti @ driamiwgiurae ant e € iudtiga nmeeotre rt h
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Aerosol sampling instruuegtro ugan alce oa ati engyo rti
The fir(gtr odpa@ygptr efaimr 88 nPMe | s ocnobnyper iisnesdt roufme t
Aerodynamic Particle Sizeme@gmigB8, sT3k Hnetri Ma
aerosolwiptamtaed @dy namnfgr odm a7ndeltténranartaoregd®or a | re
oPbGBecomhles second group bgmodpf Redi né&pnashamme t e

t wo nephahdmat éiyushime iasmermr os ol optical propert.i
L\ PM, LN pm, éJP PM,,
__Nafion Drier —» Nafion Drier __»Nafion Drier

MFC
MFC Pump
Humidifier
| AuRHy
IAPS | |dryNephl lWetNephl |ACSM| |SMPS| |AE33| |Otherinstmmentsl
NT,RH,

CAdMmeNB OKSYIFGAO RAFANIY 2F GKS Ayt Si

scattering coeflfeinggitehnst:s 4a&t0 tnhorfe éa 2vbaiveemt @285 os ©
dry ®BrnyNepH) &ah®BHuoadedi ti olnh g WehiNredo hgr oup (gro
i nstr amerbtelsn,ds canmo migl i ty parifi Tk mpBR@GVTHPEYMP S
ACSNieas mroee f r apcatrotriyc ul @R N matpteeri e s i ncMbudi ng
00,0 0,andawi th an air flow of 0.1 L/.®incé&€Wdtdha I
To-ARCSMnstrumentaP & dsmgpsa,evhietnh t he I mpact opc hefmi apé !
composaft pRMat her tdvaneomeBMured.

The SMPS measures particlewnathi améeyedi aame g e
to 76Thenmnm.ets of group2 and gasugé8nseswedchyetvhk:e
solid red EBEnhnabthagi fratgrUdment s tof at hees aaud ree y tgt



149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

chemical and opticanl 1.pMbolhpeerftowrst hofg rPosUME J3gr ot
aethal ometer (Dandtolverc &dr add,e a2risldsa)lumiendls . i s S
humi dtiféd erymi fi ed nephebpaeb@me i ssyotudRdNo.v

2. TZhe humidified nephel ometer system

The humidified nephenassmdt eurp stgosyheara sanenpabsua la It
proparat ife xe®l5 RHRHhe®f stahnep iaa or e aas ehdu nitydhmtt ner st s
of twao ITdngeers dGaoylerx itsub ei mtghyr essuvagpmlis,evdh ithhee out e
| ayer | sstae eslwviati imb e slsicqud iadl hweatweart.er vapor penet
GofTex amdhehumidifieswhhbeeshikpptddiveimenrn hies i nne
GofTex maUpean atthe switch of inlets between gr ol
caused instantaneous | ow pressure in thBEexamp
tube aftercofnddmudays!ogfematdi ol ooded the Wet Ner
fixed and recalibrated and a commercial Nafi ol
GofTex tube, which works the same Tvwaeympbeurta tiusr en
the circulating wawaetet algathi andosptehcadijsiebceblpy
water tethoppemadamdrilaatni vely corsitsamty R umeTooé t
mo nitthoer RHs &€ msviborhgg@ me of tvwot eWpeNap g et saonrds R(HVa
HMP1,10wa d chu ecafcT®@3 andpgb f or bRHwEe®0% respective
¢cdb for bpeHweed09Me e phbcele inlet andDeofutnget
me a s u Hetde nRpuerreadt hiart | et and out laessy'Owfa ntVfiOeY Wet Ne p
accodeiwng @emptesTadnide an be @aaldctuheaet ad ewaigree avtael du
ashe dew pointiwofthédessamphg. adoheaeme ampl & RH¢ g
usisgand the sammeastraegpemgasirde the sampl e

nephel ometer.
2 ACSMeasur emanmntta amdAal ysi s

Themass concentration and -Pdvh esnpieccaile sc oweprdeshiehe a <
AerodyA€SMomhich is egaeppeyndhitldl ilacenmisdM)an d ab . |,
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capture vayYwretzedu. €V Btlerx,t e2n0d1 & he meas begned pa
Detead |i nsd e sionrsiwe tgie ovrefnr °ihnl i ch anbhXwlet (&10.1CMe2017
To-ARCSMata were anal yzeddatamiatlhy st Is e Bwatfrdenvdaz2.d5(
https://sites.mghoywil tthicwen/ Way eMabn g@c s, Nk e , Or

CV was designed with an enclosed cavity to 1inc
(Xu et al ., 2017). Both | aboratory a@andafiirelyd rr
and was roughly equivalent to 1. Therefore, a
(Hu et al ., 20@MHU; eHu #gdHu. ,eatl2.@1 72R0e128041)i8 \eef fii acn iemect

(R))E of 3.06 and 1.09 were used for ammobheum
default values of 1.1 and 1.4 were used for n
with the AMS with sfTa-R@8Mdrepppotszhrghenhé"d C¥g
due to ater maodn aleacsosnpcoisaittreicdy rewaistend r esi slemfc@c &
col | (Hui cents g9.lAs, a2fi£8&MWMTg-ACSMeasurements is oft
than those previously report ddiu fatom.lAMS,2 ¥E8 a |
The organic md4z8 2tple wter®& famamyzed by positi
(Paatero andgwiTalppam,| d894Pr o base@Wl| PMKF cév glt u atl
Theon frambgaomfend &, 49, 63 and 66 i1@waede FRNE-moivnepdu tf:
considering their smallc cegwmtailmiug hhgimasdetsat it b
The PMF results were then eval zavbed ol ladfuti efrg
carleywual utantei npass spectr al p rt efmploe sa,l s oditidn€@Araa li o
factors agdmeciotnipaoctiher col | ofciaft ®adt onre assaulr letmemrt
for beoamd PMMThe five factors include -Ifiokuer QA i
( HOA) , cooking OA (COA), bi omass burning OA (|
seconda,r yo xfyagcet (0dDtAdVid r @A det ai Ised RIMB crravgpit b tothe n

in He et al. (in preparation).

2.Ddata reprocessing

The size neasui ddvtelrnAPSrver egdival mabi lsi ze
usisnpgheshapk asandepthihepseii vecl e den3Ndtye otfhalt. 7
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designatiiomasd oMM respecosolo aer odywlaimilee di
correspondaddaqui vnodbie & metttydtevdompfact or s ar 76 Gapmwdo X i 1
767, nmes plait mp/leil gei.otnys iasntdency, t we f & i le thcheegodPtMd n u e
PMbased on their &erodypneameasdio&mdde irsd,d utiyweal e n
cut diisametuert e neart WSEHVEP Su s eCe nreaarmdged ihoeigt t dhiad me t
of the i mpactor corresponds t o t ljaece rdbi sagrhed sea o pi
growth eff d&catk emee@ dacnddoutrite) SMPS measures the s
particles itrmhedrSYMPsSSt ateeaslud e mentbfiéud ilz ean gfdM. e f
When theasSMRBSl i ng aerosi9ol ther tsiizleesdicft rPHMuti o
and vwdser ged d rmdreutnhcearh edp p e r6 6@imMnmo tprodvi7zde f ul |
number si ze( PINSIDr.iakldwdti ita ro n, the AE33 measures
sever al wavelengths, the maswercomcenteatf nam
aerosol absosatt i N0 crome fViitch emtmass &bPor pobven
et al)., 2015

Si ngwarp 2swhntlod@tewe eann dP:M°P NMleevtesr y 15 | rhi nmetaessu,r e n
weraev er agedhd fni notbeser vati on epvaloide,tirmaeilibe s mlg
mi nutes f orP MuyRSaamrdamd®O® smi n SMEEVMT@oRCSBNnd t he
humi di fi ed nephMdmodeddMas syasmemt sT hirse srpeesdudli tvesd
mi ntiene | ag between the aver ageld dmeatiansee tiosh eoaf | |
measur ementhedateasur ements of SMPS, ACSMvernad t

i nearly initen pal atee d ettahcRBi@aoa of

3 Methodology

3.1 Cal culhaytgiroonssc opf c istdyprigna @ & meotme r me as wif e ntemet s

humi di fied nephel ometer system

The humi di fi ed nemmphelbomet earer egot enm i ght sc
backscawteéfiogents at three WWaReéll emoptdh@ii cogidde r
measuremehesghotf scatteringQefhhawhciecthent s fdefd
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Q2 ( YyuvhB —ﬁ,wi tlhb eitnhge wad welteé mgtththi s study, we

MW (wegbi and rehereitmNBRttdrorasi Bipocki eypabpogedl
single parameterQX@rasul a t on dicisecmg bt Ralr.t h@2C
devel oped this parameterizati 0@ (shcyhemec Itwdi ng
referenaoe IRH t(lRR&H dry nephedsinedteWwleiacsh tsihmavin h yng

par amMetean be de®2(ved from
Q2 ( p I — p I — (1)

An ovieyagqtbscopicjrtegf erarbladnet @emaberi eved from
Q2 ( with the saadndil tt iaoeesausrled particl e number si
BC mass co(@bent eatkKiawdann,g 2Q@)L 4T he tim@odndadauncsti t er at
cal cudsaitrhgg n Mi a ndh[&Kéhelye r ttohgeeotrhyerl t & hfaitndc laos e s
bet weheen s iamitdhaet ek @2 u.r edeaah é scal clul ataonnbeofou
i Kuang et. al . (2017)

3.2 Calculpgtfiroms aefr os ol chemical composition

For t he cal cul ati on of afebasedt by g rmesacsapiea
composittadequ)d e a aiinfeodr mati on spedaihes ol ke e¥caH
ACSMan pmoéyi de bul k mas¥w gang®©Onpaiaodomeds obpfani
composnelor t he isniommpglainfiice d oingans phaiisrti&hdga wsscehibeanpe
convemt mass comaestcancemsr abi ons of(Grvelr estp 0

200N et al ., 2016

¢l oMb S5 Sy AR Sk DNR 4 02 LADR Ry 2NBI wAG SNBf B8 dza SR Ay (K,

Specie 0000 0 00y 00 "Y0 0 00 &

M(}&)d 1. 72 1. 78 1. 769 1. 527

{ 0.58 0. 56 04 8 0. 93
Mass conceiYOr @thi p@®sp aqoafrtehespeci fied into ammoni

ammonium njamnarei uMAN)Ohbhoamomen i( A@) (bAB ) it bhiee

val uetsesad t s speci (Wuecktaadoldidu2rkedt 6t(@baldy. ( FOL4pn gi
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277
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280

281

internal mi xture of different aerddaondo®thkke < al
Robinsona(ZB8R) used for #yeodn ctthe gbddfiesacatfe romdsl
di fferent ch)fetctadr s paercd ekr i denwei s, 2007

I B Il O- (2)

whetfleand represkbngr dsecopi ciftayndp avrod menteerf r act i o

compoimeint he Bamseduola. Ecqan2 ,be cal cul ated as foll
I - - - - - - (3)

whetleand reprgsaenndt vol ume fr act iSomc eo fchatrabcokal i ¢
hydrodopch i s assumedWittoh bken gamhr occan be calcul ate

foll owing formul a:

I (4)

The volume concewdes altddblgagaefu mé mg a PdOeanstai sy Yacnof
density of O@Aa @3¢ BFbrgh@m6caheutatabnvofume
(w ,we hhwveepprodbbkbedpprsiascshhmtiwol ume concelnltr a
chemical S pecilCBC( ADNd AoNhgedAtBiec,sv)o,l ume comwaesnt r ¢
calculated by assumiWwg et déle.si ¢eY@DEG)Y He 7c gl c wml ;
conecnt ran of aeroswk parThehdpeprcodbadhase pr dr ® m

measur edsiPRM@Deqgugti gr“i €i Qiwhere r is the parti

i's the preeratsiualeaed numb.dhe ctahpipredotérodtiuils@en st r ai ned r
|l earning estimathaseéed @s3tmenas er ¢ me @t s Yafs dways n
i nt readddivvang et.calaf @(RMWILBWIsdtinemas e t h we ec enmeptahr cedds
to each ot herS2ang schoorwne liant elssipjgwebl ultti siadvdr @ge 3
| ower t hanp t Ghaetmiocfa l cwoi ntphognneonstosl s pamMus s |, e s ea s
wel | as craed tadlebteebcf€TO-ACSMMiIi ncut hendgagi tfe om t he
sea salutt d have negltiaotiall emaldspreechiesP ddrnalt hdeu st ¢
into the su®macrehnh)whhgeai2®®t7 be t hleoveguse f o
cal cul aG\aod-ARCSIEMBIC a.taa j al so correlwag edbuvie!l dn wi
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283

284

285

286

287

288

289

290

201

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308
309

average 16% | ower.Ct b astr ethemetweodfn model | ,edanadnd r
» at 525 nand oBAEPMsol alplars hewed good agr eemen
model |l ing resul tBiSHg.nd wiodads ufreimetinsigghyg 20% r el
devibhtnes. Howe,yefror nmooodterd kil BMMle b vi ousl y higher t
., Wi thvaemage rel af 2 % ea nhl ef tf ®&oeenn ctehaennd fPOM e P Me c t |
Theesul tietmlraiPid ; whwa!l o wteh aon j Two reasdmwemig
cont r i tilst edi st:cor(elp)anttgt h P NS Dp raonpde rateyr ongeaalrsrugr petmioedt
negligiblewiunlkcet hai BrnvePaBssubreeamea mtg 3uOn¥ecerr t paa rnttiyc |oef
tdan 20Whinemh contr wb(Wie dmeanstoht e) ared ntalpeh el @MDdR
measuyr éda nagn uncer t@heat mawf eld %aols. ,e)t2 CAARE) ,s a2ndpll 6i r
tube ,l evnagitvhes, t ubesaareglddad faeemdenftl dwrr ath€eedgy |
mu c h sthuwbretseganlfill e w r ate for SMPS than, thetgd f o
di f f er e nmtn dwid hoksiwio d sageir lce onlp o FACIStRIan d drfyeep he l lbane t e r
asimilar tamlme nleeprmegtllo met er measurement.sThipsar
W § was chasem ceahlecul at i Bbansse do fo nE qt. de,t el mal &1t ¢
uni debtyOVITo-BESHccofudd@¥so fw omvercaghot be ntegl ect
I cal cuTlaws owabasp.d4 fi ed as foll ows:

(5)

o} o) o) o)

wherdleand are hygroscogianidt wop aampatnhéien @d ¢ hnoinf i ed |
Previouausstngdi as the total volume concentratic
the discussi gonf abbmiudentniffl ICRdc-RESEIri alt hley ke o
spectromet elhei mytgr omemtps ci ty of, tvheisceh ummii gdhetn tl
ot her component s wars octo ndtiisnceuriBtisaelta e lidggegf idooodbgivwe t h

mi ner aslhodwantg r alh.ged oKB ehl er &t lanl .t,hi@®O OBpGatprearr i
Sspecidfto 68 0.

3. AAndgne repr edy pit

Accor dEaqgb moabbdmuelk values are nleeBeldk t@aerdes

chemical compositionslandmeasuvosemkenthy gamnisghatyiac
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310

311

312
313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

naturally jump to thhe adlonctlou sd éornb eoef abutstlee at i ng
an dll are from bul k aerkowdv emre,a stuhree meenltdst i ons hi

and thesso[adgedtri buti oar infeieadld itro dredecrl t o answ

I can accuratlel.yheephgsental me a nfirnegpsr eosfe nutsaetdi

the following discussions are |isted in Tabl e

Cl MBS FTFENFRIGKSANI LK@AAOIE YSFyAyS3

I A unifffoom all pardec<d E2lfeaces ral
I Abulflassuming different chemical
are internally mixed and cal
I hygroscopi coiotfy chamaoatsr
I The assuming different chemical

ofO are internally mixed and ca

Usinmgt o represent vol ume conctcemdOatbomepbpés:
vol ume concentiwattihords O&mfét eraonifde deri ved as f
Eq. 2,

I BI O B—a B—2

Na O . (6)
Byswapphbe order of summabtciammn banadvriint eaqr atsi: on,

I L — 3B ——X00a OA . @)
Considerli n® +hat EqJcan be rewritten as:
I —. I XQwo (8

Resul t8i mfdi E@qlt escdlh@aul ated wusing Eq.3 represen

aerosol particles with volumelcontribution as

As filor,adet ail ed analysis is$tpephyseamesgiThedien

di ffefremmiaff aer osol particles in dry state ¢
” L —Qa O©Q(9)
Based on theQ2de,f ionfi ta eorno soofl particles under d
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330 written as:

331 , YO _ ——0Q YOXadOQ@AD

332 Therefore, the differ&@a(icaln foer moo fmud as erdv ad :
38 02( _—3——0Q Yoa®vHQ1})

33 Based on this for M2l ao,n tthhee sheyngsriotsicwiptiyci afy of

335 di amOt(tr) can be derived as:

©
[EnN
™~

33 ——03——=—20

=85%)
aKDP

afp,(RH

=85%)
aKDp

of (RH

1
diog(Dp)

3 7 10°
Dp (nm)

CA IINBR Y dzf ST a0 Y dAd+—GSR—

337 The sens@(itvdt gr efdetermined togetlBe (ABy—t he t

3388 which represents otheaenosbophbpgawyibslt bé ®atme tteat al
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339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

» and —{2)whi ch reprnesseantis YiQH a fsBeas e d Mine tthhee or
and [tkbhel er ,t weorsy mul ated the second te©Omnunder

I val ue?)(Filgn. the di ameme+——+asge ebgl cdawghOoO d
maxi mum near 60 nm. | nll tgheinse rdail a nygtt ceor h Hgesregoen, d |
Fogmnimi O ywnimi hi gher and—lapweerar alternativel.y
staying p0Osiptmetge . maFxoirma and mini ma regQovmriG app
mi ght decreasd .wiTthi si nicr elaesd angse,, talhe tderso ddla

efficienanwnmasona cnamresponse to the p&rutaingl etdia

208

The tftermtof Eq. 9,r ese@lrweessanntriinbgutsiomes of parti
dry state, mainly depends omnwdd eaPNISiDed Tihfe talve
the first term using Mie thdorywt ( Fieg mSa)n.d GCel

sensitQ(itg wfas obtained 2md Repulct'@2d¢ ¢ we &liigt b
sensi tilveoft opatrhtei cl es within 200 to 800 Inm di &

of particles with diameters below 200 nm and
aboum) 1l For particles small er tahan e2sOpOe cnina |l |tyh e
smaller than 1200 nm (Fig.S3), while for parti
the second term fluctuated bet weenQ2r enwgaast i vaet
sensitive to ctolpea covegr alfl tthygreosl arger aerosol
althbuglwas der i Q22(dmdaour e memnpt si tofmaRMIl y repres
hygroscopicity of aerosol particlebfomwi talntdirrye
aerasollhss s resullt dedi vatDe § memastur e memasd oPMP N

shodl Of er littfFerf memseaemeoat seconducted in ¢

However, the quantitlatianrd «selszad vessBipl benw

Based 1diQ EQcan be expressed as:
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364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

— 02 20 O R O
Q YO ,(13)

wheiQes the growth factor of aelroasnod (BosHbrctki @It e s

20%L6 iMQep I O—— 7, Q0is differential form of aer

~

0 I's the scattering ©fdn®Tkeeaecyeskldasgf adntc tailo.n
indicate that, cuaneermprders ediOtsei thvaryi ng as a

ofO.Here, we follow thi sunidieea haimd dd X¥{ re@HE otntde t

#2000 OQwhere C isOagllfandtRRebn a@amdiy in Eq. 13, we )

02 0 h h O —0
Q 'Y'O , (14)

which we ciamE@.udb,sttid uaket ai nQa(new expression f

. 00 2 h h O >——0D
Q2 ( (15)

| f we eBliée O6$BI R(Eand consi@er +3go Oh ald

Q0 -0 0 EXNGEQq. 14 can be written as:

. h h O >—0D
Q2 (. (16)

Thé is a yriofroramer os ol particl e "@i(zewgalt htaa tct

measoned Mhusan al so be expressed as:

R R O >——090
Q2 ( (17)

Combining Eq. 16 and Eq.l17,antdh-ese szeel @@ @ o nilsehi gpe rbi

as .

I : - R 3 . (18)

®values under 85®W &Rl fvoarl udeisf faerree nsti mul 3t édh saendd
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384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

on his rieshket setond term of Eq. 18 (whisoll yeéa@per
AT m— i

0.6 0. 1.2 1.4

£
-

i
I
]
1
I
1
1
1
1
1
|
|
1
]
|
1
1
1
1
1
|
1
1
1
{7
o
1
1
I

ey, ' PR

T e

Dp (nm)
CAJaNBrdz | § SROAryIRGBEE WRA FROMNBYWR O twzd s O
YR RFAKSR f AySaNd aNBI dBRA 0 NAOD¥SAR2 yadd S
could be calculated wusing the average PNSD du

cases -roefsodiivéed ol i d and dasheyd. bFarc kiPael cnrecs  ti enr

correspondingesol veadseswdw@®dzeand 0. 008, respec

values si mudwertr@®@doOdranrdd 0. 004, respectively.
contribution rangdle osfi-ztehseo Il svekcela n d/iLeitde rbewt tlkwd s e d 2 O
on size resolved chemical composition measur ¢

(Fig. S4) were used with the average PN&O dwenrimn

Callawad ues of secomd 0tOesr m or @On POD ,f ivda M hangsngo

frolm 5% to 2% (0. 3% on average). These resul't
mogtases, and Eq. 18 could be approxi mated as
| i F h 2 O
— 5 (19
@Wval ues shdiwmdiimatFe gt.hat for aerosol particl e:

(which contyiadndrteehenogar tt oof t htehlaate ri s anlo sg o Beline

tog)nd for ther oamgerofedcontli nieshyarlls s a ¢, liama 108 |5Y)

n

ranged fremnoi ddiiisnd we mi ght alppnoEigmaBelay @as

val ue EdqT9h ecnan be further simplified to:
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401

402

403

404

405

406

407

408

409

410

411

412

413

414

415
416

I —. I (20)

Thirssul t suglgesctasn tbheatappr oxi mately wunderstood

aerosol par,t iccolngsr iviutth otnheas the wei ghting fun
Based on s&asnud t2s0l,o fbaok dgh represent the overa

of bul k aerosol particl es, I haorwee vde rf,f etrheen t©. wWeiitc

range, ,aesoapproximately prolKoanhgoat,l arkes wal2tdibr

l'ittle diffler emdie .beltwettmi d s twady meawluk ed f or
and:PMHow mulch ddiofefselt f fomiaPhMl 1.8 mpl es? Both P

si-zesolvddstributions contribluteantb the d9tiuddywe

R
1 1.2 1.4 1.6 1.8 A

0.16 0.5 0.5
0.14} 0.4} 0.4}
£
2 [ [
< 0-12 0.3 0.3
o.10} 0.2} 0.2
0.10 0.12 0.14 0.16 : ) a4 0.5
Kf(RH)

CAdmupNB OSNH dzazO2 f 2 NB NB LING aCEVADE LI $BEF1HISdzS & 2F O2
OANDEt S& 02 NNB A& LRy R ToRy &S NRE & KIS RRR § FiSO R R/ (oNISoddalil
CAIRRNI tam YR t DWFE MBBLIZO NBENBESY G (GKS |1bazlfy

I tfSaa GKIFIYy mm:o

their influences inla anthpl wemnedsiamphaeceed wvay
extreme craesecl vdidstirzielmu.tFamdsf i ve average PNSDs
five ranged COOOapo 08DH1-1130115417819F during t
campaign. I n tae casehbhedre RBREGBEMIi ngraasing as

ofO resulltedkinsquare psi)nt sesipreckiag ly for PNS

| argleCOHOOx pon.enthis i s because the vol pmag tdar ter

wi tOhbet ween 100wt arz200 bmmetthei r | i ght scatteri
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417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

tg (as shown in Fig.S6), thus the hygrlbscopic

t hdn Hi ghvd IC80e&x posgemter al |l y correspond t d,shif1

which exacerbates the contribution of dmall peé¢
anth . For thk deceeasitimg &s( cac Ifeu nmari daagr o ti ni sFi
ver sa, résulbti ng linn gener al , for t hresso lltvweod e
di stributions, the absolute llvalamdl ofr amlgpe dr ¢ Ir a

2.8% to 7.5% with an average aqfl 4 mM%¥BhtTHIi I fre

frodm sinlceusually va®©iiens alnebsise nvii tat mospher e th
cas(leisu et )alThe 2a0vietr saglevdsidszter i buti on fcraomp al agme

(Li u et )iaddi,c &@t0et dtrh aets s i g<425i0cvammt litey viaonn es | es s

di ameter ranggl.ofTo250urnmetro study the variati

bet wkeenant under ambi ent agaersbiltviea@ds s r i bhei eng

from meagesodemidza&Elh composi ti qnisu iet )@Edeh oNvVGEPO ilrn
Fi g. Sbu)s ewdeirimini b abrde s ulsthsowanr on KFhg. absol ute val
di fferencle khetiweennged from 0.04% to 8% with
deviati @, owhi2ch8 furthernllcorfainr mc ctulv atll efl grnr RN 1

mo s t cases.

For i1PMval besamd usilhgsi ze distributions de

measur ¢ ARe gt S5, si mwielr@r stonuFagedb)land TWhepsiame
absolute values of tHe raallat irvae geidf ff @ roeamn e 2e |
an aver ampag damdevstagsiworalhbf RLéwerll t hBmi s i s becat
PMyg s-mperon particles typica%l yxowittrh bluaw hmugrhc
than ta@as shown in Fig. SThatThe¢loe oRisrudtt sa dcocnudr

reprdsent

Above analysis Iresmdttrsi @ naeld cfat@emtlhiaght scatt

repraceuwnt ehteel pf BNMd can be usedlinfB&Bg. 8dasvmesgd
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444

445

446

447

448

449

450

451

452

453

454

4 Resultsand discussions

4 AQverview of the campaign dat a

Thtei smmer iaensb ioefnt RH, chemi ¢ a&lndcdiMmds i5t2i50 msn o ff
and1iPfM dr,galk ¢t alt 24 re i val uesaofd @M show@QvemalFl ¢
t he mass concRMamrmda-PNRrasdfioefo NRL* o azn2dl from 1. 8
‘' Th ,wi amer age conéce nandd93onespécti vehy. 5@é&asmr
PMand pPRmgeom 1106oahBl7&@ tod@7@Rakervadafs
550 anbdd 8rledspectively. Thesrhiresowmpademoinasd r ¢
site thati gpbilolveetreadqdi t e <c| eaans cweddit ragoelslyut e d
condiweiroensexperienced dur iTrhge trmaes smecaosnutrre nibeurtti of

nitrate, snuiltfea tdR . amd -PRlMRag e | h s T3adilbeh g ama icrsg t h «
maj or ©f aRRa oad-PNR.s
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455

456

457

458

459

460

461

462

463

100 Period2 (a)

=]
o

60f

40 )
20 Periodl

0

RH (%)

(b)

EENClT EEENO; EENOA
200 hd U S50} NH}

100

PM; pg/m?* PM, s (pg/m?)

Osp (Mm™?)

- i \
EL:
2

11.30 12.03 12.06 12.09 12.12 12.15 12.18 12.21
Date

CAIdNBSEBPNA Sa 2 76 BOYBRKRASWAIO IwEl O 2 X6 IBHAR ith=2 yial 2 F v p awl Yy
t a0 R0 OF f Ddzf6ISHSKR o6 VOt dzS5) FR .M a

During period nli txhacvenr mbmt EdQ. Wh bifngoarngiacnsi,cs c o
most to mass c¢omhMeamtdr-BNRDunmrs ngertiN®d 2 shotwhe i
ambienteRHBHtigsely | ower trhamditrognt 16% t be 86 Pbor wi f
of 4DOu%.i ng thi s per idmdo,stortgoa nmacsss ccoeRnkirai nbturtdeERi o
PMwi t he NR mass conaagdtatath 2% syidabbfi nRyBI130% laynd 4 0
higher thamn those of PM
The time serilesarmif carle udtmadwsd i no fFinRAMd WP M

rangedim @® .,8@andr ddm 02 twi tOh. 1cf/grresponding aver a
respedhéelvelwasot aviaiolmabll2BedcO tlo0'D2d0@ 1b t he a

21



464

465

466

467

468

469

470

471

472

473

474

475

476

477

478
479

480

481

482

of PNSD medsuroefme@dMds wPBNnged. O@am@dmhfdr ®m03 to O.
wi t h corresponding ayvree agect Mohfels@®. lr2esahd s 01 b
hygroscopicity war gegetwhikcyhadhempeaas sgnci at ed wi t h
contributions of organiclsewvéllheisamgeta@&s cwalsli sc
ress!| obatahenesdame si teug getshtennpgireovaad deéto s o | hygr
condiitni omisnt er Adadi ttihoinsdlesliyt, @t eekdc e phta gf oerV e mn €,

I valuesaoné &Mnerally hhglaeadithlezarecthc@m@¥Wlodn &P
3. 5%l f amt respecAlitvledwgh particles with dian
al most negliglilblyrenemetoi dveducsan osntsi liln cSaews
di fferende dt wavwd .PMesults of previous stud
hygroscopicity of aemos alr epairstuiad Il ¢s | loavr gaenrd takr
overall hygroscopicity (bfuaetymuwhita2®@dimano de x [
I valuesanoné @dMnerally hidber nfgchga omepheaosdss dosf wH M
<1 000

¢l oS! SN IS o6NIyaASO Yl &aa O2y i NAOdziA 2y adfy RWRE y A dzY

RAZNAY 3 RAFFSNBY(H LISNA2RAD

Ammoni ui nitrate sul fate Organi c
Speci

PM PM.s PM PM.s PM PM.s P M PM.s
Ent i 12 % 12 % 13 % 14 % 10 % 11 % 59 % 59 %

peri 0.-.249%9 0.-2249% 231% 132% 0.4399%0 -520% 12D9% 491%

Perio 15% 16 % 22% 24 % 13% 14% 47 % 42 %
Fog 1a@7% 128% 128% 180% 915% 1226% 3B5%U 3H55%

Perio 17% 16 % 23 % 23 % 12 % 12 % 4 3 % 4 4 %
no-ho' 1@2% 721% 631% 532% 823% 7-17% 3Z5% 3869%

12 % 10 % 11 % 10 % 8% 7% 64 % 67 %
Peri o
002090 19% 530% 429% 0.26%0.26% 48B2% 4385%

During f ag | ppergiko dssu,b mi c rionn dprayri tsiteca teesv at e f o0 g
drop!l evthscthperr emi cron partsed eBNS B rexdangengx gsrtta |

substanti alQ2({ npeaacstusr emme ngwshi eh BMe not RIMtect
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484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

certain particle diameter

fokbadi hgraeaskedg dedhadmig b
pie & bf)p.adrs

measur.eSmenrctes f or a

hygroscopicity are mor e

of ten excoecfediet ¢ dhmtsradYL

42 d_deri vati oes$ aamdinishhsopr gani ¢ aeeg osol oxidat]i

resuB3dse momn s3 allatt .eo ft R c u rraetperleys e nitns mo s t
et wefe nPoM: & & dnelaastuea e d
be

The

casestdwlsosure study c hel

composanmdearsslr edr epr es & Mtlle d)cbayn cacmaaycliEegd 3

waknown. of ®aB6 msbddsi cl osur ec atl ecsutl \Wu veldi cblayl wa ¢
based on aerosol chemical composi Asshio waanGh na érn @
the coonp abeers wee asdr edllculhatsedot agboevedcg\eemgn:
= N
[ R=0.59 ‘"
£ 0.3} k=0.28 2
2 [ b=0.04 ’ /
[ / 7
W / 7/
x [ 7 7
T 0.2} 28 aBnd
[] L /7 7/
- / 7’
8 v/ 7
S [ . pid
J
E 0.1} 4
U L]
A (c)
0.1 0.2 0.3 0.1 0.2 0.3 0.1 0.2 03

Measured Kchem Measured Kchem Measured Kchem

0Sth g RSYI VISIMZAEBNIS R a dzy Ay H 16 DK
H® [/ 2f 2 NAR NI LJ
NI Aa akKz2gy 2y

fracti &gnwasd

CAIdNB YEI NR&2Y
éFthS it NG 2R Tt émyzRe MVT§N3\2IVR’
I SNRazttadEY SbwyR GKS 02t 2NJ ol
not i cecatl hcautll attheedcsv er e sivh enat mas s or
%,h awhii4l5ewrmacd e r edswhieria va b ihgr t handd$se&oinhAsed
sPevavbodpisanpedtidragtdptr e e s
shb@awnnit o (FRiggaotd§)R2ilgi ¢/arn ,be seenE dhaad a
f,wiutmia s it mdedPtea iqohah wilErdge s s t Alaho&6@Q %. t h
25% hightr
@adse Whoehda,l nan(d2 Ot1h3eyh acto n c

t h@h eHEDMA|I o g |

| ower

Sect . 4. 1, these two

points
points are

cal cull atdeudr it mpgesr wadslawoerr age ,t hagr ¢ he

highly ¢(&rD0.ABéd&imetws

t he |soesmwsio lodAtmimoeni um ni trat e i n
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510

511

512

513

514

515

516
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519

bet weiehcaneenandt itdhre di fference bet leenwascal c I

i nvesti gadcendf, itriweidcihnf | uence ifs cmietpraantcayn tdhfei g h

overesti matilon

U etdtsed ICutbialsedf ammDdinn autenu bnéi regrt aht e

(from the splitt erfwetto nienplheesl oarfed ietrs L r tmmeé mtn)g e r

CVTo-RCSMher e

probadl gonmasi um tnhd rvadte nephel ome

During Period

2

, t he awsé¢oadd@a ndhses |darsaso ha fa m

nithamieniomf | walhceest i métiigh Hhorwe weregnr gani ¢ aer os

domi dant ng ,tPlreeg i mall Quivasredier est i mat eBi ght@&mp ®tusc
studies havigesbdow@A wox ihdai iglhearnl ge veetDuap |.i,s s2y0 1e0t
20MWu et 3,1 .whi2cOhl 3mi ght have <contrlli bulthe d tgoa vteh

t he tthiant Pne rgphdav idd g owsd opporlit unFolkl bwi sgutdhe m

3. R, waderi ved 5usr exgu lEtgirnagn diimmdgat0®2 5wi t h an aver

CAJoNBIOKS NBf I GA2yaKAML) [0ySHE 68Ba@02 Y RIS NR @ INS ¢

addRASa

0082 0. 0OBhi s i ndicates It hvaali wmesctahlgc ual #ctoinasa uaodis u | t

i al ar geTobifausr.t her

der illveadgaimwhi ch

i nve®OAiIi gatldatdlenomeapte do ft he

s often used to represvewt at 'l

cl @arsictoirvree(l RF@P.oasd adi sticalfl r e8redEI-O R IFil jy, 7 a

indi cathaegdebnanee

Based on t he

O: C=3/&40/. 01,

of oxidation | etvheelh &@#&r cas cca puica

relzaganonONiCp rraC M ebhw rfetCV al . ,

t he

rellatamchs@i @ bdbaen wlhexde BpEesse
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