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Abstract HONO takes up a large amount of urban OH budget in the early morning through photolysis and is one of the
major reactive nitrogen oxides (NO,) that finally contributes to the enhancement of daytime O; and potentially PM, 5 nitrate
(NO3"). Therefore, it is important to figure out the distribution and characteristics of HONO to understand the formation
mechanisms of O3 and NO; in urban areas. In this study, real-time HONO measurement was conducted in Seoul, South Korea
from 2021 to 2022 using the MARGA (Monitor for AeRosol and Gases in Ambient air) system. During the whole measurement
period, average concentration of HONO was 0.96 ppbyv, and it was higher in the cold season when the NO, concentration was
high. Regardless of the season, HONO increased with an increase in NO, and relative humidity, indicating that the HONO in
Seoul was influenced by the heterogeneous formation. In addition, the impact of HONO on O; was differed on the season,
and HONO showed the possibility to contribute to the NO3™ during both daytime and nighttime via formation-loss process.
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1. M g HONO9| FEoliH-3-=& 5ol == OHE =2
olg % XXt ti7]9] FQ3t 4tekA] A& 4245t

7] F AtEFo] o) HiEsHe daAteE of, A7 oH F AT A 30%S AFAI%H (Ryan
2 HRE NO(=NO+NO,) = #iE=T ot ¢ 41, 2018). FEa9HS-S Ea JAH OHE 34t
HiEE NO, 9] 4tehby-& Fof ohafet Adaitels A /7]8FHE (Volatile Organic Compounds, VOCs)

(NO,=HONO +HNO;+PAN+N,0;+...)& P4 & ASHA7|H, ZpH o2 7t 0, F7tof 7]ofghct
Sttt (Chan et al., 2021). ©] & HONO+= %2 41 (Yang et al., 2021b; Gil et al., 2020; Kleffmann, 2007).
(lifetime) © = Q15t] NO, HiZE0] W2 EAZ oA AR Ao W2 429 0; $E+ F& VOCs

T2 =4 vehd, 0ol J’}Hsﬂ‘ﬂg o2 Boll & ol Wz, HONO9| 323l S &3 BAE OH=
HE|BZ offte]] F2 =2 FLE HRltk(RhS 1) VOGCs AP aRE ol 53t 0; H k9] <F 20%

(Alicke et al., 2003; Stutz et al., 2000; Stockwell and Cal- ~ 7FA] 714 4= Q= Aoz d#A Uth(Gil et al,

vert, 1978). 2021; Kim et al., 2018a, 2018b). kA, A-&<]4 2] O,
/\ﬂ/ﬂ 7]11—2 o]sﬁg].jr_ A= 0, HHH 94012 :1,_7513].
(¥F% 1) HONO + hv— NO + OH (A <400 nm) L g 9lo] HONOY] &2 Hofsle AL ofj¢ =
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Z|T Aol T2 AgoA BEH
(PM,5) AT (NOy)oll BHS- 28 &7 HNO; B4
)3 o]AEE-S (heterogeneous reaction)©] 7]
Aol BiEglow, ojmf HONO®| s =T
B H|ZE OH7} ¥Hg 2& ‘&0l NO;” /el <4
2 = 4= Jrh(Lim et al., 2022).

2o A=

(¥F-3-2) NO, + OH — HNO;

&3l HONOZ}
ﬁF’}E B =t} (Andersen et al.,
T ARs2 W] Fer HiEd
NO,7} F3Fohit-g-5 F5ll 0,2 NO; & A/dstaL, o]
23t g oAl HONOZF A= Fa3t 7] A
= 5t Q= A ofn|etth T3 NO, #Rt of
Yz} o]2kf7]of|o] 2Z (Secondary Organic Aerosol)
o] A7doll gk HONO®] 7]o] E3h B arge] whef,
=W F8 71 ed=HQ 0,9 ZulAHx] o] Adut
22l ofafl & Fejell 9o HONOO| & 2 A4 &
3 ofetoh= Ao] 7 H Tt (Zhang et al., 2019a).
HONOS| A& U5t o 2 NO9t OHO §Hg-&
53t 5 449ES (homogeneous reaction) Z1#] 3l NO,

9 H,09] o] Akgo] T8 A4 712102 kel 9l
O E 3]

E3 o8 NO, 9] FEdf S
=]

=S
)

E’r‘Jr‘/‘r ]‘IH ’%“é% HONO

EE FEIS-S 53l AFHC} (Kurtenbach
et al, 2001). Z| Aol = AR oA oft
&= OH ‘&&7} &obd 4% ol 8= 5
sl HONOZF A2 & Sthe 47} EI’—H"*E}
(Zhang et al., 2019b; Tan et al., 2017).

o] dF-g-= 5% HONO A2 F= oKk NO, #
A=l 71 A e, o dRkgo] 54
4 ERY AR AE 2 d7] F 9A T #HS
Q= 5= Ao oA Qth(Bhattarai ef al., 2021;
Kim et al., 2021; Wen et al., 2019; Bao et al., 2018; Van-
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Gases in Ambient air) A|2ES £S5k 2021 %

goel 2022 7874 oF 2ol AA o) %
HONOE ¥=519] A-2A] HONOO| =23 4o
o morsliat shsick. A9 HONO o A4 A7
A, eFdA7t ol vlwg F HONO AA-AH
72te] Wshe 2451908, HONOS O, 2 PM,.
NO;™2}e] AH/dof| et EA4& 435kl
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2.1 HONO % B3 |7 |d &3

2021 59~2022'd 12 T AE&A] ST
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$I35ll PFA (Perfluoroalkoxy) A& 2] 1S A8+
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A Ame] L FAIHYFH Flof fAe
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310 ZE= 0l0fs, oA, HX|F]

= Itk (Xu et al., 2019). 23717t % $0,9] 5T
+ °F 2 ppbvE SO,°l ot ZHfo] TS 4= Qle= 11
& S0, 27 (F 23 ppby o4h) el alldstA] %_gtq
(Xue et al., 2019), AAAEEH (NO,, PAN &
o] ©JgF HONO ‘& 24} (artifact) 2] Z]HES] HNo3
Y5 TS 0.1~0.3 ppbvE "¢ ol (Bari et al,
2003) 574 ol ot o3 b= S Ao=w wh
ﬂﬁ‘r g 21514 MARGA Al~Ho] 23 §8&

99% ©]4Fo|t], HONO2} HNO;, NO; 9] AETH|
= 7—}7—‘.' 5 pptv; 2 pptv; 0.01 ug m~>©| Tk (Cowen et al.,
2011). HONO, HNO,; 712]3 NO,” &4 <] A|7t afAt
T A7k, RE ZFa = MARGA A]AEo]A A
Z3 AR AZE s de] dEeo] 1417 gt
ARg-SFATE

3. da R 7Y

3.1 HONOS| 5k Ex EN
A £4717F 5 HONO2] H1Hs = 0.96 ppby,
k= 6.59 ppbvATHIH 1). A=HER Hits

L& H)wobaA 202133 20223 ¢ ZF2F 1.05 ppby, 0.9
ppbvE A= 0] 7|7t FUSHA] AUZolE F Aol
7h Yeh2] oksieh 9l Bs ke tiAlR 257t
=-2(20.8+4.5°C) 5~64 (0.47 ppbv)°ll HIs] %7}
L2 (6.947.4°C) 10€~39 (1.26 ppbv)°ll &%
oluff NO, -5 = 514 7] (12.9 ppbv)°ll Hll| 52
7](25.5 ppbv)©ll =3tth HONO =% 23S 7]& A
3 Aot HlIL'%}Oﬂ2 ol, 570y Aol 5 thEAIA]
9 (0.6~1.3 ppbv)T= FAFSFA. 2™ (Gu et al., 2022;
Lin et al, 2022; Wang et al., 2022), T.2|X]¥ (0.2~0.6
ppbv) Eoh= =T (Xue et al., 2022; Reed et al., 2016;
Kim et al., 2015). I}A A-&2] &4 Ao} v W5
< f 5H47]9] HONO ‘&&= SAFHAL vl A
=T, ol I3FNO,9| 5k 7Hael Ut T
A& Aoz AZPETH (I 1) Lt BiA A G W
TRUE Y o0z HONOE EA9 sk
o AatehE oS 2 UEhdth
54717t % 2022 197} 3¢ 1%_ 547t 6Holl
g2 3746, ol 7o w
NO,(=NO,-NO )% %@ﬂﬁt}. NO,° gt
HONO®] tﬂzo Fd710l oF 18.0%%aL, 5FE7]¢]

O

Table 1. HONO measurements from previous studies conducted in South Korea. The NO, mixing ratio is averaged value during

measurement.
Location Method Season, Year Mean (Range) NO,
(ppbv) (ppbv)
Jan, 1993 0.2~0.9 -
Seoul” Diffusion Scrubber - lon Chromatography (DS-IC) an ¢ )
May~Jun, 1993 (1.0~5.5) -
Feb~Mar, 2003 3.5(0.9~8.6, 426
Seoul? Long Path - Differential Optical Absorption Spectroscopy (LP-DOAS) © ar ¢ )
Aug, 2003 1.23(0.3~3.7) 18.5
Gwangju® Diffusion Scrubber - Luminol Chemiluminenscence (DS-LC) Mar~Apr, 2004 0.5(0.3~1.1) -
Seoul? Denuder scrubber - lon Chromatography (DS-IC) May~Jul, 2005 0.4(0.1~8.6) 56.2
5) Quantum Cascade - Tunable Infrared Laser N _
Baknyeong Differential Absorption Spectrometer (QC-TILDAS) Oct, 2012 (02~08)
6) Quantum Cascade - Tunable Infrared Laser Differential Absorption N N
Seoul Spectrometer (QC-TILDAS) May~Jun, 2016 0.93(0.07~3.46) 26.6
Seoul” Parallel Plate Diffusion Scrubber - lon Chromatography (PPDS-IC) Jul~Aug, 2018 0.28(0.01~0.79) 179
Seoul® Monitor for AeRosols and Gases in Ambient air (MARGA) Dec, 2020~Jan, 2021 (~8) -

(Lee et al,, 1994), ?(Lee et al., 2005), (Chang et al.,, 2008), ¥(Song et al., 2009), *(Ahn et al., 2013), *(Gil et al., 2021), "'(Gil et al., 2020), and ®(Kim et al., 2022)
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Fig. 1. Monthly mean (box) and 99%ile (closed circle) concentration of HONO, NO,, O3, and NO, during the whole measure-

ment period.

£ oF 144% 2 HAF=d], ol=iet A w2
= TA]A9 HONOZ} NO, ot T3 =0 932
BTt HONO 57t =2 oFF(17.2%)°ll
4] (14.5%) HONO29] H|50] 3716191, &

st 719] g ofgtolle 20%7HA] Adsetdlad ole A
SHEY 2ASHE el 9lo] HONOO tigh 2441 =
=3 ol Zdadke Bt
5] 54 HONOX BE 80| o} Z7to]| L7} Lk of

J. Korean Soc. Atmos. Environ., Vol. 39, No. 3, June 2023, pp.308-319



=

312

Z&E= olojsy, oA, X

o _ —e— HONO S
N p— ---- SZA ~
o:\ SOy g-e-""" P =
5 =7 . R s-E
=8 sy e TN =
I \ AT
e o P TS ® 2t ///. o £
o <7 e \. /// .= e o B
g S~ \‘\\ No -7 P . lgl)
I o 0-0"0-0-0-0-0-09. . e - Te.gle-0-* v 5
e \\\.‘0-0-.-3’_/ _o—°/. ¥ 0
el 8Tt s-e-e-v-0-e ®
o
> _| L o
o T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22
Hour

Fig. 2. Diurnal variation of HONO concentration (closed circle with solid line) and Solar Zenith Angle (SZA, dashed line) during

the warm season (red) and the cold season (blue).
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T=7h fAIE U E3 o HONO ] S7Hs 54271
ol& 18417 E Hepd o, shd7]ols 204171 H o
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£ HONOZ} FEsfidt-gofl RIztshs 32sf A OH
of 3EYer 28 TFe e AARTH.
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AE= Ao g A 9o, dutAo g NO,9t =
< SUIAIE Bk AAl= AT AdEgle] No,
2} HONOQ] A% (1) 0.5~0.6 22 &3kt
H 3). TS A8 ol W2 AjgFo 2 HE 23
vl & (direct emission) == HONOE= NO, 59 oF
0.18~1.31%°] siFsl= A= FHr (Li et al,
2021a; Kramer et al., 2020; Liang et al., 2017; Liu et al.,
2017; Trinh et al., 2017). & S7ol4+= HONOZF
NO, &k2| 4.4 (BHE7])~5.2 (&) %S AHAI5HA
on, A2l 71-7]= 710l 0.02, FE7]
°ofl 0.04% A3 Aol AAIGE 2 HHlE2] HleR
ot A YRt o] 23t Adts W5 HONOZH 2
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Fig. 3. The correlation between HONO and NO, during the
warm season (red) and the cold season (blue).

quliEoll ot FaFe 2A A S AR
A8 A7-e] A3tz AIAE HONO9| o] &g A
o] F83t 8 A= AFE (Relative Humidity,
RH) &, F7H} offt B HONO “5=7F RH2F &7
S7tete @4l v Bl (Cui et al., 2018;
Huang et al., 2017; Li et al., 2012). & Ao A= AAE
o oisis} PAlgle] REZL 271810 HONOYE %
7Fst9 o, RH7F oF 80% o3¢l 704 £.5]2
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Fig. 4. The correlation between the HONO and the RH, which were color-coded by the level of NO, concentrations during the

(a) warm season and (b) cold season.

o]2{gt RHe w2 HONOS| W= T2 A3
oA BiEglon oojzE dxpe] 27], = #H
W AE ol S A= Aoz AAE B QL
O, oA 1 olf7t 2sH el AR = Tt
(Gil et al., 2021; Liu et al., 2019; Wojtal et al., 2011). RH
7b E25, 123 NO, s =7t 255 HONOS
Fe7t =0eT, ol= A&olA HONOZF ti7] &
NO,9| o] dut-gof o5 B9 4= &5 A AlshH,
o=t o] AREg = olslisty] HsiAE daitset
= AF71A2 HaEo] dAVE 24l digt olsi7r 2
aee AR,

3.3 =A| Ii7] & HONOS| Hgt

dtof] Z715F HONO= ©]2 o4
£ Aot ol 0, FE7F W2 o Azt
OHO| F FFY L & VOCsE ASHAA 0, AAlo] =
A Z1st= Ao2 g2A th(Yang et al., 2021a).
sl A+l W2H HONOE ©]22F HONO-VOCs-
05 chain& &5l HO,ol= ©F 39%714], 050l & &
s oF 20%714] 71ofote Ao g HAHSIT
(Gil, 2022; Li et al., 2021b; Jiang et al., 2020). |2 I
Sff A A&ellA S8 A AellMs, drst &
/&) 2to]= HONO®} O; 5=t HH]&lsh= BAE
Holuh, o e+ o AT (r=0.5~0.6)
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Fig. 5. The relation between HONO and O; during the warm
season (red series) and the cold season (blue series). Cross
marks indicate hourly averaged data and closed circles indi-
cate the daily maximum of daytime O and nighttime HONO.

5 78= 202 YEPGTHGil et al., 2021, 2020). 2 A
oAM= AA = Fakehhgo] it s~6Yoll= O,
¢} HONO®| 4 &= rt & A (r=023,
p-value<0.05)8 EcH(I9 5). 2384 N0,
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B Afo] 9] Aatd o] ErskA] gttt

=
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Fig. 6. The diurnal variation of O3, NO,, HONO, and total nitrate (TNO;) during the ((a) and (c)) warm season and the ((b) and

(d)) cold season.
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TNO,9] 2717} B 1= Ith (Kim et al., 2022). & &
ToA S v RA| R oFZF HONO2| 57t} &7
TNO; 9| 5717} 547]9} sh 7o 5% Uehte

ol 7] % el AoASEo| ol ug

g7 123 HONOS AV 2239 Aol of
@ F7HAQl A7t BRFE Btk 53] AFER
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