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Astract:

Nitrous acid (HONO) is an i mabftreéanst hpeo isad onklsy
of primary ai rt hpeo Ifloutnmeantti sa nbruotp oablleseot etabsh ssyour c e
Cl osumede ot mo ssptheetrmeovduea dloaekp orf i Ideanttli avna hi s
st utdye HONO budget i n Beijing has been analy
di sease-l9COVODDODkdown eveants i gwhiifcihc anets url etdeudc tiin
emi ssions, providing a hhe@NO®udpgportoaont h@we abmao
me a gl OB O raemldat ed padlalnwtaanyt d , MOAWMRO¢ch covere
the Chinese New Yearl9( dNYc)khdzoaaha § e c €O¥¢é Dt r a
HONO decr e ®sK0d pfgrbo MY o0%®0 . ppb diurd n@DY I D

| ockdown, accbhbmpanh@aampt gtft mea t e sN O( darr coPu7 il f
HONO budh@éstywsggtelsethi cl e weies $ihensmost i mporta
HONO during (t3Nd %0k egfh@ N ¥évme | Suppdetcet dorfikeyi rt he
contribution to HGNO |doucWaehogivotumieder @ D&t D ge ne o u
conver sbom @rfaulNhasare si mpoir glatnd ume e  BIN5HWON O
whitlhean alesrua $waae mi no (2N%)Ni ct e at e pdnet o hyes mesh
i mpordtagndionnedaet hg COYI Docckchpanedhlavd ft G'N ¥,
resuhg tfhreonmombi ned ef hetamd et hé& ede@uwre arsaesseu Intng
i ndi c aetdeu ctihnagt vehsitd el ;e mMieemdaomuawa bl € o0HGNG n g
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reactnonhe aNimorsptheraci d ( HONQ)npaireyc ams o mpo f t
radi(cKaullsmal a and Pet 2] 2 Phdd bl ;y sdisa ogtnrait® Nadl e.c,a
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(Zhang et ant. po(zZz8hfaéngb )et.|l al .a,d HDN®Zaan) r eact Wi
hi stamine to,fwahm asarmal tihreaqgseanittiema mQgF-ady en et
al ., . ThQuishgder standing thehsoatmespber BEON@®si be
for sever al dteficdald efsr, o(nd udal nogst eediinstaeln.s,i vk@2s2t)udi e
beemrrieiiObN@te asursamdn tsaorua l¢ysiius et al ., 2020c
2020d; Zhen2g0 20t; adhang et al ., 2020; Xue et
2019b)he cosodeHOND iioon t he at mosphere range f
(Spatar o tesgevwagpblhvemlvgveirml he @wnisl pypwoul at ed]l
2019b; Liu et al., 2020c;. Liu et al., 2020d;
The sources of caotnnsoissprheeafti ce miONDI ons and se
in the abRinmmoes@ptheegmi ssions include soil s, bi on
l' i vesaommkng. Soil emissions, which depend on
temper at u(rkkul naanlda pa-hd Pet @ j 2 | 2011; Werbeer et
i mportant sources of HONO. Bi oma sust ubnunr nw hnegn,

wheat/ corn is harvest(eZdh aanngd ewi ladlf.i,r e2sO 1la9rbe; cSo
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et al ., 2018.Velhemrd eetemalss, ohG2@)y e considered
in tiratfédacd Ke amer et al . ,.TRO2Osolurcetialmorae

nighttime compdriZecangi teh dcddyt i nR2e0 16 ; Fu et al

Recently, indoor emissions have a(lXwe,KbeZzh2 )r
which is related to the ventilation from hig
concentraudtidangrZhaang et . lalv.est2@Xk9bf)ar ming i s
overl ooked source of HONO, especially in agr

Secondary formati o.phateHOBM®ct hohubdetwgaes N

photolyscsel atepartrate, and2ometgeroagan eamuwds prasa
matter surfaces, including phat dahlse mpihcassle Ireet
bet ween NO and OH, photol-gsha@anoédnc o maardees ipanm

the main dayti meLiswuetceasl of HONDc; Liu et al
Furthermore, acid repl acgme gti bpreocouses mdy d
| ocations albbdbeceedi bgr aslo(i aunsdte ndbeoeas Tateoal . |,
heterogeneousomr ewariioms ofJurNfOaces 1 s widely r
of HOM@n et al., 2016; Liu et al., 2020b)
Table S1 summari zes the so.urThees toyfp edGdNfO aahlt
site often hasthegseatceée mpaceénsity and contr
of HOINO. nat ur al ecol ogi cal areas or Antarct
photolysis of nitrate iIis the main source of
hi ghe han the homogeneouBsonrde actt iadn ,0 f2.0Nd3B ;a nTda

t he ocean or eaar,e atsh ec |hoestee rtoog etnhegb ss omean s her m:



95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

source of HONO, and the transformation on ¢t
that on (tXienggreotuinadl smoR®2891 | ected near wil d
heterogeneous convercsainomeaaht Bi58yt imarki mfy NO

source OoffChAONCGet.Eanli ssi @081  rbmgismwmall samidl bad rc

i mportant i n some areas wheMea swdgeffatilohr 2@d
di fferent types of observation sites: rur al
sources is also obviously di fdafefriecntactlinvirtuirea
mainly affected by agricultural activities

ignored. During periods of intensive agricul
HONO, accountiflgi iioet uHetno tBOL9e )i s | i ttl e a

the reaction of NOeand OHaasl.oonma hleoege o O©Db
the two main squWuee=sti mlruyr &/0a0rceodngnegt f at
70 %. I n rudevebopad wnt mal husbandry, -its di
45% of (HOMGD g et.Saburb02B8Ba@a)mostly covered b
number of villages near by.2iThd hlkee tmari g smao i ce
which can reach (6% el 9HON® &BPoalkcksgbhwagyr, t
and wurban areas with heavy traffic, traffi
accounting for 40% (tXu 88t% alf. HOND2 B, 0o uEkitersgt e
2020d; Kramernesomeé . or QI0R&nNny urban areas whe
i ntensi ve, t he het eramngd ntelbpau sr ecaommtvieas i @fn MO 4
main sources of HONO in additioelwoboitwveafimpor

of different sources is often affected by th
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Al t hough intensive studies have been perfo

di fferent sourcetZhoe dtiihblILimo&EGr amaMer si2a0ll 4;
Kramer et al., 20860;tMengame aype B8020bserva
of each source still diverges in different s
and traffic aoéasyraftheci mmossanaos varies (gre
for as myahuvasst5%., 2020d; Zhamghietesalme, 2
studies, it Zhamgb e tA getiomielda® 2 G)i t uat i oonusexi st
conver sikonSoonie NsGQ udi es suggest (tThoantg tehti salp.r,o
Zhaewg al . , 2019c;,whhdmeg setmealst ud2@22believe
l east 709% MefngH@NO al ., 2020; Zhadangsdtouald. be2d

a

a

e

Z

©

=

hat the conhetieruagemeocoufs NNCeaction to HONO g

f 2N@t ake c(@erfwhiiccihe nvtarteos?ilfr odm fHf e Merng setudi
l ., 2020; Liu et al., 2020b; G¢¥elitcla¢ .emi29D4i
|l so have similar characteristics because t
mi ssion factor, ix( €&rambe eatab. of 2BONO/ RO K
hang et ,vaHi.c h 2r0almgres f(amad. eB3P@ald oo R2ROHIHNON
ources, the relative iIimportance is affected
hotolysis of nitrate, OH concentrations fo
mi ssion fluxes for soihle eH@ONsGCs i oindsg e tansdt isld
ncertainty. Il n particul ar, it i's an open (¢

eaction pathway or a source of atmospheric

Speci al t ®kiemdosnp | lascpegyteic @alp e o vu sihe tamal t er nat i v
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opopr t unoi tdyitshoey s s et hileGN@U dbhet aoufseobvi ous and pa
| arge chamdes hesndHuxBDer i nSgp rtihneg | BODLt0i, valhe | ock
measduethg coewna us -9 se@®ep)dDndeémidc to a signi
reduction in primary emilBesimagnifrodetandfspe
i n air pol lhuatvaen tb eeenmitsbhseinoknesd gestd changes i n t
at mospheri(cKrconelmiestiWegbnducted) conti nuous fie
HONO and ot hefrr dammu @yt 8a raghl@ 20 8 0 d o wBnetiojwnn g

ai meuwdertst alcehiamgpheOGSNO concsamtdr sduokceg the | ocl
period compar.bdf boe

2. Experimental section

2.Flield measurements

Observweirceanms i @tl hAeeurto s o | and HBeie] ilnagb oU rait we rys
Chemi cal (AL Bludbygds been descmuisb e(dLrikuin eotur
al ., .2B20ckcFdyppttehde west BU&mp wu nohff 66§ h e sw
thi-ndrgacdBei jwhngesh a typi cal ur bsatnaitcsbosmeer waotoif a o
ofa5story Qabobdi ng§g8 m )HONE &nheea sgurroeddnoodm@ dle a
Wat-lrasleadrPgatAbs or Ph o ooanelt @GRAPI nstitute of Ch e mi
Academy o)fwhS ccihe nitaegsd bbeye o bfsieg lvyth sl ®eang et al .
Chen et and bhed@s@®W) t o0 be @ar edialdslter fuaedNtO
measmenftCs i | l ey .€heapriniOglegt ot me it ias Ssi mi
commet OPAMUMBY | @fafshase HONO absor bedl&.y2 dei c

MW in a strswpptthnabdd pchoe iy r)ecarcddhpdhii aeh D@7i ¢ ac
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mmoUdi n an aci di cLsallutaind 81amd ldi@redtllo f or m an a
dy,evhi ch | sa®tmé@swimeld a spececitpwencéltVda h( Lai qui d
Wavegui de Capi |-32a50, CWHII, Tshab@W)C weg 1 L ant o

contr odfll odv &mwead € & p hpruangpmT h e folf o w b islaitr ogputa Ddo B
mimicontroll ed by al peditesttedltthleP psdp PPThe
foar sampling duratiomwaef caWi hhatedei ssandme o
bef ore and aft erboeugrctyh nmssmdsaarae mémtat ed by zer
24 hour szetroo.Anlre efkt e st iHMaNtOi oonnc eonflbt o bn b mat ed
contr ol experi menzast WRGEGU el Qi@ tpepntEd ¢éor 2N @H @
sampl i pbgbouatod3 0Tedmh owaswmteed f or when we cal ci
concentrations in this work.

A set efcicamnaonralNF@B® &( Dher mo Scientific
49i ) awamai.INohlad | yzmetanseurnd@ by 42i includes |
correéMewlas tmeasipr efapered El ement Oscillatin
Thermo Fi sher TOdaieemdcowaflpasi 1-4@Br) att (@o-RMPM
was measoadgTeidroeff | i ght Aer osol Chemi ccACSM,peci a
AerodWMaettdéor ol ogi cal parameter s iwialdu dsipreg dt en
di r e;andlotnr avi ol et mwadieatmmeasane A dehreds AR a3 1 @ n (
aAHL/ BUCT Vati aBhenpl anetary boumndai gi bayet y( W
measured wusing a cebhdmat ewri s(i ®L 9 1,t yVasiesnasloa)
respeclthiev eplhyo.t oaJlopyw® s measer €éd via a continuou

actinic flux in th&7wawvmldeosiigndgiaahiaonngeeineorf (228 5
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radi omet eAljilndetraenedtsn thasmeaslr amemntheir de
are show®. in Tabl e
2.H2PONO budget .calcul ation
Potential sources of HONO include direct emi
emi ssions, bi omgsapshaeasenbbet wv@pand h®H radica
photolysis of nitrane it heprhed ooif odi®ne b@a tgtr ®ru n
and particul sstTee madiurealeusduirnfgaceeiO cl 8 emi bsi
emi ss® o)jns t(he reactilon ), tNIDe apmhlotOH ysi s of
(0 yand the heteroge(@eouasndr e a)Ati opmrtetsterndQar e
relatively few st uBiiocena sosn cionadoouiesnp @mtODEt on s .
souirmedownt oiwn veridj@nmmdg ng to( Adhanegveoboludls,t ul@
these two sources are menaj acceunldiecidfidgdyONO t
depos(dtion thegememas reacti din wilktphdaxHs radi c
(O J)and vertical andy horacventahsitdansgort |
The cal cul atdieadamaprhestabhmeed eand at i onBrair,ef tishheo wn
budgedlsti maneentr aticam ofe MKEN®u Idahtnegdftod | owi r

equations,

e ©) 0 0 0 0 0
0 0 0 Y (1)
OO0 O000F “YEOBT @OYQE Qi (2)

where—is the change rate of?) HOING; misxitnlge r a

estimanedntrationz2ofwhallNMO, a5 t hmeobserved co
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of HONO 1&ti vteinmég htat the result of potenti al ¢
S2) he source distribution of HONO between BC

trend of HONO wé&s=0si7mi)l aret (wWkeear sBOUl\CT and | n¢

Physics (I AP, 8 km away from BUCT), the ste:
reasonabl e even though the | ifetime of HONO i
the instrumentation time resolution of LOPAP

for the datasets with oisf fsesmall| tvaeei atsohut
~0.-0.205 i mplies that a small uncertainty of
of HONO. Thus, we think the possible uncert.

conclusions when talhie abudxetd iss teo hepdiwesken t w

nput parameters for the parateM@E).i zati on sc
The emissdon, rpgh)peofd soi l and vehicle were

emi ssi ®OWn flwYythe PBLQheaingdhtt (e conyerisi on f a

—+

o ppBoh vehicslaecemdssg opoevious reseéehech af
emi ssi oleEFHAQNO/ONWa(s sel ecO@®Wwi mset ,alwhi c2h02i04d
comparable to the actual ana24le9 )BB¥WHOoggeKon
2017; Xu etGaangziRdAd 5(0klt.,C%Be,i j202) X1 Z7h%ngnd
et al ., 2019c,anMe g he€torplb.at ex@AGNgea hc ul at i on

hper o durcaatieon( pPibs hs hDavbilienn wkiii £ ht he rate cons

—+

guafsiir st or d8rFont bacthiedrer ogeneeouswerlecautlhaetoend o

(@)

onversinon hregegB)ght of

';'Q h h ( 3)
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Q h h
h h
P ﬁ (4
Q- 0 W )

wherQe i s thei-gqmthesri rate constant ofHtthe tran
andQ arerehetion r atwenccaolnisbtraanttesd asfntd rCO cal i
(Zhang etToaldecrzdas®) the contri buatoono maehfe b o un
calcul ations, we normalized HONO concentrati
it hleiteathameg et al ., 200® can dWiartete armhean 2
concentraandhC@meNM® andl; are mi xing razxios of
respectivel vy, a tH OtNigQer ( po@ las)s u rhien gH OINiOmec otn.cent r a
after subtractin@ ntchea dp migmareyhi ermiasdaintaines ¢1iOIN O
productehteo mggeneacosfi oMO and OH and t)heatp htoh e |
measuriagcor dm@y: t o
AL 5 OOOLL O i O E 0 FE 0 i (6)

it is worth Ovdthiorognibtyb a ti n tv ke dh iefadr@iurs tpsr evi ous HC
budget.Thtmad/i eosver est i mat d etdeenoescorusstst 0 o WWIOIN®ON o

sourbeesause otheraemhsemo@ean e auhsowd eda catlisoon sc o nt

HONO
Me a n wlwihleens t i mtah @ pnpge r 1 mi t of htehteer ogeneohb
r eac,t inveksemeclolnver s i (lONO4 dltOXPa.s4 t he | ower | i mi-

emi ssiinoncsqgntt hrogtmat o Ya0 @i wfet .8Wénaqgr n2adl2i0zde) t
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OO0 causedvédlyi alhe wi t B0 tdhuer inmega stuhreeTdobs e me ah o d
hasl seevn del v pueegtomwegies et al ., 20b9lddLti en
soi | esdreen il cnulsatnegel | o weOrs wlail i teeThal mgaBA0v¥a) ue
QO dur i MBLCNhef ore t he ChviaBe 8 &l wheiv teYewsars)* 0. 006
i hhCeOV DM oc k gohvihecrceonsi st ent wi ,shcfidhh@awi ¢ Os 0Dt6W8
M)y (Li et a@and, SROMEHA(IWa(n@. 00 7 waliill ges 8 O it & e

Shiji a(zh.utd)nEl ihu et ,alKat hamanah) YO0 .eQ 1 4aalrhd, 200

Guangzh6é6uWnh(@@.n0Okt. al ., 2009)
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Tabll.e Summary ofHONDOr asmaitreress famrd si nks
HONO f or mati on/ Cal cul ati Par ameters Ref er
Soil eMiBGN®@NS FHoNnO, soi | 1
Vehicl e @mHONSI o Evons U Fyont Fioneehi=c(Ediox, véAi ci e )
(HONO/ NOwi )i e
NO + OOMONO kvoon=7 . 201 fmo | etst | 3
N Q HON O INo3=8 . 208 3.9 Jinos, mc
P 53 6 0kO
NQ+ -8 wwuiwuy HONO none Grecul Knex(No2AsT /4 )Yrono
4
NOQ+ -8 wwuwuyu HONO kh e (no2U 1 /4H) Yuono
Lphoto-_r:sﬁimeONO 3
HONO NO + OH HONO HONOMC M
Lhonorn=3 6 OdonoH
0 =6 10'T mmo | etst |
HONO +0 @G + >2NO HONH kr ov oo H 5
L F¢ 36 940
HONO deposition epesiials Va=000 1 mt s 6
H O N
HONO transport Tt r ke i HON-O
. P vy &) uh kii 1 500n23 h 7
horizontal) HONKQ ckglound
Fiono, §osPi | emission flux) wdepentienot atHONObgmit bei b B mf

content of 35% to 45%. Efoxivsinsichteieasban anéeombv @ydid
calculation of the HONO emission fylemx ssdwomi ngpvBGQNDY,
(FhonsFNox HONO/ NOX kie wWhi |l e d-1®j ngt C@W¥IsD c ohnobu rnleyd awi etrha
www. ni trafficH@EH@XNOwyas select{eduaetl@ad2rs2D0BO6dEoOnN
the precdheoOH(ppbhceatrmated wasng the samé¢ Linat o d
The mean photol ysilhdf waguemmaeynadfi zeidt t @t ¢ hfgei sneabaer e
concentration of ?m¥)y e irseatchtei oanv esruargfeacriép f(ens ult hre welk ad
the preaurasosuib Yaowds et he yi @il sl totie HONOf. ace roughn:
foorur cal(duluateito.dON@NHROND L) @olteh e HONOc enat atihen®bse
background s iJfoed S r®ispalbcanioaddeiyinogd at a observed at our
1(Oswald e2(ddng e1&hi u 2018a@Li,u 260t20x(dKan 202 0at) (6HA

et al .7:(RiONI7TdHD et al ., 2002)
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We further derived thfe uypteagebamtolef andi prat
s ur faaccceosr €iqfMg t o
o) — ® (7)
The calfculrathgde dp fprmomooc p T . Therefore, we

¢ pm to calculate theHONOvbBrobemsowsompiaeladl!| e

derived in wuslbiakieaep@v(pmophlmenet and ,toRedtldB P

expersiinttmot®y ™Han et al ., 2013; Steoml diffeoed
particles, but | ower t°hapothedupbtZbhahgoettf at
2020; Ge et al ., 2019)

Th@H concentration was c¢al ciuslaassteedd oanc c chred if ru

of the pha@lodlzgld salMahNe®mi xi ndNQ).ati o

8 8 8

Vo) _ _ (8)

Notabl vy, this paramet ermiasa®tdi om smehesmea ewnent d
(Ehhalt and Rwhherreer N0 OcOo)ncentrations were | ¢
Al il cké¢ Aét c&lé outhlfd@H )concentrati onshewmer enat pd
good agr etmesadd cwalcdadtoeedhipsgusti® ady stdaitre nme tt haec
poll ution period in urbaatl honsghhencme wias n{ g uC
expedtnedur pr ébti ousts,talag § o02u0n2dd diels & id@dt e

concentusamnigondi sc onep heo dwiwtelr et hose observed
China(Paai at .Tahludsay POHD® ncenes & i ma ntehdnesu hiordg

shoul d be overaltlhecruendciebriteai aT lyé& oiusgpltit rua wiatl a
concentration in NdfrtdmCnmdiEldgEnea a¢d yahvayri2
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Tan et &Bh. wi 80&mM9 luebce 6li N0 s u(nilaenr et al ., 2017;
20209f ur t her ptahnaoncettuerrni azlerd®Hi coH caeabmos gheamgi d
t emper ated rl escatamstohawtairmfin sOH tcankEe® s u mmast ihee
observed OH concentrat.Thensr esitifittnget dNdr s hs Chdy
slightly | ower than(Ropsasbhdbbaémosd icon¥asgae
Bei j(Wrnbgaannd Hu(aSurbouur br) summar vy, we should be
esti noaft iGHh conThems eaas i oinvi tyerafnardomeudns ewasd and
influence of thenumateirdrai n yHI@NQ@ Oddosweradna& s aSse C
The |1 oss r aitrecloufdi H@NGQIr y depobBomogendous r
with OH Oradi),alphdd ol ysamde(rti cal and horizo
(Y ),were calcul at e d hwsnvha §livihb ele e qiusattilbensphot ol
rate ofH)HDNO (s theorsdeecronrdeacti on rate const ¢
OHwis the dry depoasnidt i oni sr atthee odfi IHLUNG,n r at e

verti barilaodt @mbpodetdaeisicg nbmal r worr@dvii wust al

2020c¢c; Liu. et al., 20204d)
Or acl e Crystal Bal | (version 11.1.n2. 4, O
simulation, and optimization) (Rahmani et al

parameterization throlUulgd deotndiel Laade® shomwn ait
3. Results and discussion
3.Alqgualdiutry ng olservation
Fi gugleotite ti me series of the concerndfrraadtoor ya
componeni,g riamc e S®a s,©sCO, Na,dN@N@&@nd meteorol og
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306 Fiug # An overview of the measur ement of t he
307 component-sefofddih  NR M )s, t he mas s fraction C
308 componenéasd Mt eor ol gA(CNO, 2)pha® QO taenmnds AUQ

309 averfagaean 1 XdMauahy2080. Meteorol ogical par ame

310 height s, UVB, wi ndPrsepseBetda, e dwitnednpdaieraebcbtsiearnv,at i
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332

ardei vided into two-20R&s &HRIADE20:.20MI2.DDEH)A 3 0 1

It can bé&i geleat fdomi ng P1, there was only
| asting onwhitloheetrveo wkays ,t wegnesi d astpolgl umtoir @
days2¥$PmEnS)i n t he. TRDPUstummmest heest ati stical res
speecd,s RM, T, HONGOndtPN\NR&Eer gabesentire measu
Duringmehscwoleete ati pnsaof eBMb-28@edaan d .t2he mear
concentr &tN4oAn Breaass) Nm®1 | n d diretgnm0e-B6mymiand
69.°%7 ngm? respdoaoti nBhgg2a2nmmoncentofNMQde®enseased
signi fi<Obntt yoB85885ppb iPh4Pa2t pph 9inbgyd P2, d
abou®. 5T/si scl ose to the reduction a(mpang udte (
al ., b2ut2 Olaggwer t han that (L¥6 ®)YX .adlomp omRaORtOIHe u L
NOmeanoncentrations °®@maoR2ple b pfbgrdmaBy.082 t o 163
Pl t®5.2464 pipmfgr(ormamg 01 to 51 ppb). Thez2aver acg
in the P1 pha3ed4 wapb,26wBi°llel . i3ti pwdd2e 12N.O1 8
concentration dropped by about 36% from P1 t
findings (rangimhghdo oent 3&61% t 02 ®30;) Wang et al
According to the egmiftfrsacomanidnvendusty yotCoNOrib
t o xB@i ssions i n Bdhemg,etitr etlpi.esc traé&/dedgy + he de
concentration should be explained by Llwvoteh r e
al ., 2020; Wang et al .l n2paonai c Zlharm, ettr aflf.i,
Sshould play an important role in | ocal N O
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71.

Th
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bo

me

ob

ch

af

traviolet |light irxcaoadiceahnitormati{ Eiooédeced aaid,
et althe2@2@) ag esdcuorn cnegn tPr2a1viagsip3Rolf. &I dNh w:
gni f(iPc ahhdl.gther t H@®np7@R .dwr iNng P1. tThhitshees
4% i ncsrienas@hiijnn a@huang dgti og et ha&lheame 0p
ncentr aweonasi oftB@.d&npe bofwi@.h0OZA mean valu
P1, while it varied from 0.01 to 14.23 pg
ring P2, suggesting slightly decredped cor
i's simatlaporntoed lfbCu iCueit acatd .aShe8kénpn at al .,
addition, i1l damtbd hxe e amgoenCt@riegn @s sgihch
i dlsoa means that both primary emissions ar
cumul aticomcefn(t PMU i @otn. al . |, 2020¢c)

It I's worth noting that <c¢changes in atmosp
tetmi ssi ons and meteorology. Especially, du
nditions in Beijing were not hstomaeuicmwyacitt oc
teorological conditions on the concentrat.
e the random forest algorithm of machine |
om air quality time s@€heedetiat hsbgra pdewse
e SI. The model performs well i n predictin
servations in both the training and test ¢
anges of €&aeh pdeWwkathat arTehercReMdndedt i @t ITe
t er dewe astihgenri ffiirnatabndizl B¢ & 6 B17 .N&Z 0P Ah n aR 2
confidence widavhe lano fi nbchré&eSacseea mod nd5r0a H2Wa @
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0.89%®M.b37 n P1, whiol & 1ipp.bd Bcnr ePa2s,e dwittothea dr o
concentrati onssi grfi fNiOc aamtdl y\WOdecreased from 15
in P1 to 3.24N2.05 and 16.43N5.98 ppb in P2,
respecY¥@dedryeased from 2.27N0.69 in P1 to 1
approxBma€® y ncreased from 823.60N318.92 in
increaseamn@i Bcr7rd&yed from 16. 98KN5.62 to 22.6
33. 1%, which was much | ower t hard®w)t.hsAswmange
i flabl e S6, met eor ol ogi cal condconoesthhemtvieo ra.
i mpact was 2%Bi9n 60l aame B2CEt iivigplayct of deweath
the two ple@%U ahd8WyaEBP espettl Walaydd r‘pect,i vely
f ONOQ.Ho we vheer ,c tanges of other species in the
bet ween 2. 3% andsfhat8 dmetThiroliomgpglcal condi ti on
on the concentgs awimeh ® oo b It isx @da vPea CHONOL e i my
SQ @GOd:2BM

Il t can bE gsueceenmbfirnoend wWi hhABTatbhlee n&aj or compo
PM,bncluding sulfate, ,andratganaaeameaaiseuo odiI
i n P2 cto@Pplahrreodu § heeruttalrseer vati on peri od, organ
domi nated thePM.ehm®Pp oe poorfonnoiotfrate i n i bhoergani
31. 2%, iforpoPi2 28 Alt% oiungskP L ¢ abheent rati peaopoct € @9 e
wi tihmaor gasl cgelriwsns d zgeoidmgosn 16. 5% in.P1 to
Thulse abf osN@@Fdurpamlgl ut iiomc reeveesngds si gniRfli cant |
ta. 184 P $.Thig8 is psimddsadi hgdbyr &ant ed. al . ,
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Thsed i ndd nmgeestde hiraiem sehret hr opogeni ¢ emi ssi ons
resulat esd ginn fi ¢Ant etxedbet i TONi s significant at
i n gas Tea&dbsibttisd not | ead to a correspond,;
aerosol species durTihnigs upepa rotdesen of ywapdded tut a bn
secondary aerosol for mgtSiumn eu nkbdrr. ,gxtEHlult)e ,0 n
val uesS@K sulhfeur oxidation ratio, mon calru dfirnagc t
sul 8dal3i®and NORtowgeati on rati o, mol ar ,fracti
inclodtagd@®, 0.&63, awdr 8. 8dservedO0Oi A8P3dndhanl
i n.WPnldetragnant weather cosWhtgbes {(empdr apeec
as showndmingWabfacilitate thethocopa(elrisk lbeats farlo
2020Icth)e above results i mddime atae etdh dty tshesoaidmar |
mucrmhor e ser,whusstiupp Bt ebdot h the iIincreased <co
greaueber of poAMA lmam panvmedB Ytshm 0o gl y e mi ssi ons
obviously.

3.2nfl uence of Chinese ROWU9Yempri damiiONEe e OV
concentmatBieomnpi ng

Fi gRBdiesptlhaey st i me KH@NOescehtt &tei onr, ataime HOWO/
traffdiaeww. ni traf)inkEi 2b.d & ra@ o ms idfeiccraecnats ¢ aif i tch e
i nd(ePx <£),i0hi @ artel dnugcreadf d n gedsuriiomg t-be COVk down (
period) tcoohmep aR leTdper HONROAMN®B@ o e q uuesnetdl yt o i ndi c a
conversizoom HGHIONDNOt hrough he(t2umgetn efahuisg hrezrat 8
HONO/:2N@ di tclathhees het er ogeneouws aycsmoree ssiognipfrioc
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i HONProdukdawevsde piicghicpbothle traffic ertdeki and
a sidne draetarseinndgh hHEONO/2M @t i o rreelnaatiinvadd & ty aldsdttyahb | e

the traffic 1 ndex aexdpetrhiee nM@ac lantwet neterpatniuanm y
coinci dasniggnwidfe bceags 6)in. OHONO c o rFwuenthrea tico re.

Showhiki 84nt herastreng corr ¢lOADI amdb&dDwedn P1 anc
However, HONO <concentzareadn coen tdrodebhse sneo i mnepbt Lal ctks F
that ®MOYBOMoMe f | ubeyncwedhi cl e leymeseser ogenéebas re

on aeros.ol Tcwust fracds witthlatprhiedrer 9gedhie®@®sol ea

sur faartebpsr i nsaoruyr ce oh KHONOuitn obd iejvieme s al . 2 C
et al., 2018;. Meng et al ., 2020)
8 ; ; ; . 0.2
@ —— HONO (ppb) (b) I [ HDPNO(ppb)
71 i —— HONO/NO, : Il HONO/NO,
” Trafficindex |  » 6 | [ Ttaffic index
641 ki ’ I :
[T B
54l ¢ ° ‘ ON 1 ! . 8
|
@] . : z @ 4 z
Z 4 & o > 4 : : 013
=l oo 2 o -
34 L-O.ZI : g
2] 21 :
|
1 |
|
04 . : : . 0.0 0+ . 1 - 0.0
2020/1/1 2020M/17 2020/2/2 2020/2/18 2020/3/5 BCNY coviD

Date Period

Figufag Z2Zimes series of HONODbt(rBdxXipgl ohsd eaf

HONO/:dM@d the traffic index in Beijing.during

Tab37e umma rhieaeeasn tconcentr atz o Na€h do2fBNMHEON Ot, h eN O
t wo periodssi nwetlhhei salsasttau drye por t ©di r iPmM g HrONVO o u s

concentration ranged fmeoan Ov@HIFWND o PBITBESsppb,
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437

concentratipnevaossasrnviatairioBieo, | sGMmg,h Hhisnan, Sha
Hong ,kondg Rwhmexlhlangedm 0. 95 (tAckérl1®8tppb. , 20
al ., 2013; Xu et, a201720010i5y e&tu aaHy. weetv2e@ 2,0 dd;u rLii
t hCeOV DI ock dche®ONO concaeerne adb @0d Hppbepresentin
a do#dp. 86ompar etdh aBIGNWf t er deweat her , t he HOI
decr sa gead ffird@am®®l. 87 FL SOom@psbn aR2 a confi dence
0. O05widtecr®@aseTlif s 4t2le @t¥smet eor ol ogy hdshilsi ttl
value i s comparalblepadmnt ¢dei ftwthlee mnit idtadyisathwnr e e
2016 i n BoOi.ppmemdde 5wi nter of 20.1@pHAN Xhamer
same tdsmee sl dahper e vi eoautsi on, t hedHOrdgs@d@irid gt i o
fr BENY €OVIIDA ockdowawmd 2tbeac®&®trati on dropped
Consequewmet Icyan conclude that 8B8ahd > Wndenmoat i c
affectedduponQOVW #ilBdt sc k pg@wm od .

Fi g3grrowsdsitucamakives ofx HANYHONO/ NG SaOn d
PMIsNOduri ngBCN Hhd (EDV1® ockydowinhe bl ack and
reprBPtselfd resiHONOiI s&sbiwymi rand i n Afotdédr punoa;
HONO began to accumul ate due todehkel aopftnentat
the boundary | ayer sof4eBC.hp ply and®i P02 o @anh d e
7:80rPbhgandr P2&peuwhdsecdentthley ,i ntlpbbec ttnod &r y | ayer
rapid photolysi s, the HONO concentration gr .
unti |,ws t hcgoertr es mbnid maipnue NOf. p@.b4 A n\D . @ BT
aboutd8liomi | ar t oNOGHONC, e ntthresdn omp wdrodv trend d
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mo r nri tngh.

hpoduzlp p eat: OB CNY: N93 1p.Bdb ; ClAIVd ©k d o wn

2 3NBO .p7pdm)ntdhénopped rapidly andu epetineati oncende naitc az

processede vaenldo ptnieen t of The mominchamycodbagemtr r e

ar oun @t0al

ADBBCNY: N18.@®m@b; Vo Ok do Mb7..0ppHb) .

Af t er sdbresggeatn, tMO i.nidstevwasret lmgrmotni ngotNRanddur i n

NOe x hi bprt emdierveemti ng wheea ke a s stuheehreen iwnags phebaek dur

COVI1D oc
oOobsermebd

ppbBCMNY

k diohwRsQa nd 2MNaDd s i mi | ar ,ic.hehreg imog nti megn g
ot lwi geérei dithegshima s e ® NGO . BEton d 7R8211.. 4 7

and-10@«tlkldowaespectively
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|l ockdown

NO and HONO showed . ®hey mbdagan ttrendlec!|l i ne
sunrise and contineecpodloNOi s@&MURfBEERONHI NOs et .
12. ppbrPl andedPRecti vely. It I's wordafh MOt i n
concenitm athenafternwamotofo,abibcelP2absboageée conc
of W®&verlpws®Ond HONOwed odckii Uuren a,lwi d threv ensa @i mu m
concenbrcauioansbhe af tweeehlo.d®5 B wbhrixkBh NIG. g p b
i 1 andrPBP23pedHO dde®lyi bi mebawi thendigaxi siutm v al
P1 amer3®e288 1@p b @OhNB. Gbp b13a@ 0 a nid otwees swewrael u e
1. Ha. ppb &H0ND. &2p b : ®dOr: 60

Previstwsli est pbabpodeddicciast d al® t hesaefracel
play an i mpor tmmdd u8p eeo ni,fn tphhad M@Gvag/ osni d @ heed
majsagur ce ofn PONOCed daysl ., 2018; Meng et
2020)PIMIQcan basiusiedd cathheet er o g e meodfu @@ t he
surface (OCuiaeeto.salhtsp u B & héeh avtR MUK Qio H2 (IP6 N7
2142 was slight!l yl(hb&§B®e&®A hhahet batthde npnoo cdha oty
PM.and2INlOD t he P2 stage was even highertha han t
ratio of20BONIG/UMO |y used to evaluate the forr
of 2NOAs sHhio@vinn iRlthest hge HONOd NiDows a simil ar d
t 8lONO, woleigcam t o ri se after sunset and reach:¢e
the earl y moirnedamd@ z«HWDOen cteastatnhald t e phot dhhysi s
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t he P2hestvagrei,ati oxi sofdi HONO/eM® ThidONQ/ANM@ of t
t he P2wapsae rgthtedn t hat ,i restpheéechdeallilgsyealgteihheuglal ues
of HONONN®ot hPst a\p0e® B36; PNO: 0 Bn8ePédalwer t han t
(0. 05286 pasyWCuet (Llui et .U hseq2ulelndt)l yn alwez efdu r
HON&O/K N @t asHowmse.c2t).2ZTh e ONQ/ANCat t ri buted to s
formation via hetlea ogbewieamuisstuyb e a@tth ®@mgseconde
HONO s oAisr cselsowish, | il Bgit g me pecakNdDh HONO®ecame n
prominent compBr gdwhwil belba ytt h ante 1 § 881 @MNOQ/r N0
(022N00L%i n wPslsi gni f(iPc a<n tQo.yw0e5 )t h ehta 1fiOn@ NP G5 R
However, the HONO concentration decreased si
sugdgeéxatt heterogenemmnust hee acceari osnsl ofurNfOaces ma
of HONO because the enhanced potent2ild® of he
and HGOGNMIN P2 cwintthdee st eas ecdo nH@NsStoapiaoed t o F
|l summary, wedpropgseut habservati onsopfestNOd, I
shobhbdder elmitnoomenlty i buti on to HONO producti on.
33Rel ati ve dohamrgentad sth@N@elsudget i n Beijing
peri ods.

Fi g4afsehotwe divarmef®ONM@ production obE@s®mME eI 0n
at di ffeamkhtglstlagues t ha hEONQ e $ vamfdc ® un R b g
(BCNY) and -PA ockKpP¥HvWd HONO produtadb mogemeades
reachtetowmdé@ nand OHpiemwsmechi®lgher t hanpdrhiadd i n
espediualiimg dayti me.ad®beeasedhl.elpdpoh'!0 h1456e P1
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stage MNm. (p7p34 h t he TR ©OHagermsceontshb gdolmy

P I 41.130i5 1 &% m)t o (R 17001 T A®@ mM).Ther etfhoer eo,bbser ved de
i HONO produwcihabmogenee betm@E@nand hOdladche bed

t ® hseubstraemducatNiOconoénag adi au.dsed aab dwe seen
homogeneobewek@canonOHerd mportant source of
| nrvd osutsu,dihees noct ur nal pr iNdDa o t i veahe f atifegniH®OMNEd v i
becaumd glhhdOtHt mer c e n wre getsitoinfs&dtue et .Hlowev 26019 ¥k 0 me
studies have shown that thesi @athBeirjvieng numglharn i
can also be maintmol@dadsim tweterdermwhdfchl@l sc
contribution of the reaction channlel shef PNO
stage, the homogeneous reactliXN®% bét wdhen nNQ ha
HOKN s ouHocweesv.é he idmayhedamoregeneous reactiwas bet we
t he most i mportant asauwrdoar odlpNHBDNOF d anhteicrhe
HONO sdhriceensi stperetviwiutsh st udi(eGu ient wuarlb an 2Be2i
al ., 2020; .Lintw ee teas ari enqgd RIPO2gl) s @ a newgmec han
smog chamber experiments, that is, NOXY photo
may be an i mportant Soagt iemne adHIOtNOo2u®g2h3 nicte h as
verified by flineltdheolP2erst atgiegns ts proportion
the dramatinkOchbencresndao@ait nmadne mecentand t he max.i
proportion of HONOwa s uraedwec2ei %t hitew od a yht innoet i n
that the parametherin aitait o oo dw éOtHo N EEONOaB DUy C €
TabBehows the sensitivityAmn ensctroeiatsie a heé nHON®D
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vehicle emi 9s0dBsepthi Ma tkanB eursiisnsgi on factor o
previo(gsistedy alwh,ll &8 8tQtddh ssmpper | i ikt eeépatt
20180 Ji naNO.c0f6 803.. 2B ‘pDpubr thhlgc @i he emi ®§i on r
HONO fvredhmwalsesiuced6 ®¥%h &3 %c ompared with .t hat b
| b hPelp er,i ovde hi c Iweaaa mii sngnid ognthasrbtu me e .0 ftlotd O b u t
53N1 %t b HeEON®our ces, multdt di ghensdbanmMaet Dsal
and ground33dhirfP)lackens the P2 stagetr amyseptah@d t h
contriofutveomi cl o e MB®&Ircress dé O\ le2s s evdh ittlex

29



547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

contri hettiecrogefneous2i neae®BBeTdsitsofi SNOconsi sten
observed decrease iThebddPNOome obothovreahtiicdomes .emi
to HONOmweds we rt hteh acno r rne sgphoomedni n lg,u t w lowndsset iiltl

hi gher in the P1 pefMhedethasd hlat b tsiecaud 2d pbeer |
i mporctoamntri but oHON® outayhiiceanlt emi ssi ohnpaheerr
sensitivity analysis, @.hGl&6ni wer e@nc dmitdarse d
and M2, and 8% and 20% changesowpcesspeatdi ve
The yield of soil emi ssions in the P2 stage
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relative standar t hHHGeNGO wbd § dent a is$ Is) 7a r2en ifror
| m ummeéehreyt er ogeneod s2@enaccltuidommg grounyd and

contr3®Butdneboct HON®loun med he whhilitiset pmgree 88ed t o
i n the 6r20 untda gsewerrtfelae e mai nsf omeé tee f @ag ®emesd U O n
comparaed ctssw b acdd t he same ti me, B3dMH%alnad emi s
4AN1%ohi gh®ONSOourn mesameé 2P Isst,age s.fecekpbbye whe
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analysis of HONO using the deweathered pol |
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45% duringl®hkeo€O¥oWn. The contributkrom of h
ground surfaces decreased from 31% to 19% be
COVIID® | ockdown. Thagerlrghul ttshef urnmphoart ance o
nocturnal HONO sources in Beijing.

Ther efegraer,dl ess of whether the i mpact of me
HONO i s cwascamrreadnclirwedeattedanteantihsesfi fdiftsan het er
reacti oxwsertdfe NHBBN@our ce iant Brnaiightnhge typi cal
patterns of air pollutants
4. Conclusions and atmospheric implications
During the COVID19 pandemic at the beginning of 2020, the concentration of raany
pollutantsdecreasd significantly(P < 0.®) due to the emission reduction of factories and
transportation.The average concentration of N@ecreased by about 57%, of which NO
decreased by about 87%, and Nd&creased by about 36%he average concentration of
HONO decreased by about 45.3% compared witdse before thepardemic control. The
average concentration os@nd PMsincreased bgpproximately 75% and 50%, respectively.

It is worth noting that in addition to primary emissions, meteorological changes will also affect
changes in atmospheric pollutant concentratiéfi®r removing meteorological factors, the
change proportions of PMconcentration in the two stages wet&% and-2.3% respectively.

The HONO changes wer8.3% and-3.8% respectively, the CO changes we38% and-6.2%
respectively, and the SGhanges were +8.6% and #& respectively. The change proportions
areall less than 10%, which means that the impact of changes in meteorological factors on
PM2.5, HONO, CO, and S&Js very weak. However, the change proportions of NO in the two
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657 stages werel62% and +328%, respectively, and Qwas +39.6% and +B% respectiely.

658 The change ratio is greater than 30%, indicating that NO andrégreatly affected by

659 meteorology. In addition, the changes in N@ere-138% and-4.8% respectively, implying

660 that NQis also affected by meteorological factors. From the entireredon period, except

661 for Og, the changes of other species in the two periods fluctuated between 2.3% and 7.8% after

662 deweather, all less than 8%. In general, after removing the meteorological effects, NO

663 increased by 79%, NOncreased by approximatelp%, HONO decreased by approximately

664 43%, and PMsincreased by approximately 50%. It is worth noting thaihGreased by about

665 33%, which is much lower than the change in observed valud$8€ytas shown in Table6h

666 Although we have trietb assesthe impact of meteorological factors quantitatiyvehys still

667 carries some uncertainty. In particular, uncertainty is inevitable for the source assessment of

668 substances such as HONO that are affected by a large number of parameters

669 Il mhis stwamet ¢ehe @fa HONO sdohkralkanweref opoi
670 and sweksppsrted by a relatively high corre
6717 HONO conceDurriantg otnhrsee observation peri-béd, we
672 as a desfacbancand compared the oOdOcbefoati c
673 andlur CO9FrlD® ockdownet er mi ne whether heterogent
674 o f particul ate matter andOWeh iscolwefcaudildasti on s
675 vehirellat ed wemies s i onmPp 0 rnti agnhttleONS our ce i, n Bei
676 c o nttr MEUO Yob hnel g h HONO o usTchee homogenbetusNG®@aeacti
677 and OH and the het exomgdrheo e meeendnt ogain fnufo eN
678 t he contributi omcafouma d¢Rb@r hdHINHLBNO s phet | vel
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heterogeneousomreawcndogasdfsaodldddan oi hpor t ant so
HONO at ,ancicgohutnt iNB% ot brei ¢3h tHO N ® o us Nitrate photolysis
beamethe most important source of HONO during thetalag compared with # situation
before thepardemic control becausef the combined effect of the increase in the average
concentration of nitrate artie decrease irthe NO concentratiorduring the pandemidVe
conducted a potential sour caenacloynstirsi biunt idonf ffeur
. e. BCNY and COVI D, at the BUCT station a
BUCT station with that at the I nstitute At mc
km from BUCT Jathaitairyn t2dafnruocand 2 3vhen2 @2, dat a
avail able. Twer &€ StfCiFghtplagyn edinfsf er enThpeei ndsubt
mean that the ais emisdushplgd dlhdeklidauwwmdiand BC
HONO shoul d IbeetdeBieemnjliynglhiesTirmngact of meteor ol
the accuracy of observations cannot, beut uil ted
influence shoul d be comph@G\WllDe [boectkwdecewnn . B CAN
comsliomawn omasdéde@ observations at BUCT .shoul d
Through uncertainty assessmentgswotl dvaBaveun
greatest uncertainty, with a s stayadmsthad evi at
reducing anthropogenic emissions can indeed reduce the concentration of HONO in the
atmosphere. Howevesuchreductiondoesnothavea simple linear relation with the reduction
in human activitiesbut it also depends on meteorological conditions and ¢exnghemical
transformation process taking placen the atmosphere.

As amegaity in China, Beijing has a large populatiandintensivetraffic emissionsas
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a result offrequent air pollutionAlthough concentratisof HONO are usually lower than

those ofother major pollutantsHONO efficiently triggers the formation of secondary
pollutantsacting as an important primary source of OH radicalserefore, thesources of

HONO deservéo beinvestigate for air pollutioncontrolin Beijing. Our resuls suggest that

motor vehicle emissionare an important HONO source, whilthe contribution of the
heterogeneousonversionof NOz to HONO on theaerosolsurfaces still needsto befurther
evaluatechnd especially thekinetic parametersn ambient aerosol should determinedin

future research, it is necessary to combine field observations, laboratory studies, and model
simulations to quantify the contribution of traffielated emissions to HONO, and finally

obtain an accurateudgetof HONO.
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