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Abstract HONO photolysis is an early morning source of OH radicals in urban environment, which expedites the
photooxidation of volatile organic compounds (VOC), leading to O; production. From July 14™" to August 22" 2018, HONO
was measured at Korea University using a parallel plate diffusion scrubber coupled with lon Chromatography (PPDS-IC), in
conjunction with major reactive gases (O3, NO, and NO,). The collection efficiency of PPDS was estimated as 91.8~99.9% from
the side-by-side measurement. HONO mixing ratio ranged between 0.01 to 0.79 ppbv with a mean of 0.28 ppbyv, which was

higher in high-O; episode than non-episode. Likewise, the OH production from HONO photolysis was higher by 0.04 pptv

sec”! in high-O; episodes, when the daily maximum O, exceeded 100 ppbv, than non-episode. The hourly maximum O

reached 170 ppbv under severe heat waves. When the diurnal variations of O; was simulated with the measured HONO using
the Framework for 0-D Atmospheric Modelling (FOAM), the daily maximum O3 changed by 8~17 ppbv according to the
HONO and VOC levels. In particular, the daily maximum O3 was increased under non-episode conditions with an increased
HONO, albeit low level.
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1. A =2 o] OHE 3 77]3FHE (Volatile Organic Com-
pounds, VOCs)= AISIA|A, 2FH o2 0, A4

HONO:= (1S 1)2 £ FE| Ho] adEEg 7|93ttt (Kleffmann, 2007; Alicke et al., 2003;
ol &2 F=5 AR (Alicke et al., 2003). Aumont ef al., 2003). =23t HONO+= Z+&3l Al &%
°] NOE Fgote] HO, # oftel NO, Aol 2l

FFe H]XIEE Pitts and Pitts, 2000), 2T} 0 2

oA HONOE o2 @7 A7 OH §H719] = 0,9] M3 B NO2F VOCs Atste] & Fhols}
g YolH, sk A OH ®Hg7] A= dl Al "ok A% Aol I=d A9 0, 5= NO,
30%E Z}ASHCH (Ryan et al., 2018; Alicke et al., 2002).  ETh= VOCsol] 1179 A2 YEPH T (Kim et al,

HONO+hv— NO+OH (v<400nm)  (§F% 1)
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2018a; Kim et al., 2018b). 12122, 0,°] B4 7|2t
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o])ll

72m asl.)olA ®7] F BF7]A] (05, NO, NO,,
HONO)E AAJ7to 2 ZA3519tE: O, (49i, Thermo
scientific.), NO (42i, Thermo scientific.), NO, (T500U,
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ZFH] (Automatic Weather System, AWS)E ©]-8-5}¢]
=74 o} E} VOC% k) S e R
Flame Ionization Detector, Online GC-FID)E& ©]-&3
o] F2T =25, 6715 FUAE (37.57N, 127.01E)
o 24E AuE AL BARAATHOZTE
Ao} Abg gt WE Azt 1A BREhE
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HONO+= %333t 8h4t A3 2]H] (Parallel-Plate Dif-
fusion Scrubber, PPDS) - ©]-& A 20tE 123 (Ion
Hog =ZASHETH(ad 1).

2o f99 BI1E,

Z7] (Online Gas Chromatography -

Chromatography, IC) 1

°F 1m9| 1/4" PTFE &1
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Sot Z-goH (Water, HPLC
grade, J.T. Baker)°ﬂ ZR T Y8R 0.045 mL
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Fig. 1. The schematics of HONO measurement system using a diffusion scrubber for sampling coupled with IC for chemical

analysis.
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HONO s&+= NO,” 58

ste] Abgatelt.
o (100 mL Nitrite Ion
Standard Solution, Cica Reagent, Kanto Chemical)=
o]-gste] AAsHA . tF WA (multi-point calibra-
tion)= &l ¥ FAA HEM= 4ppty, BFEE
99| HAFEE olgote] P WA PEWAL
20 pptve] k.
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I AR Eé} &P Aitera 1:]— H X
71| f+U£ =+ 0.8 Lmin~'o]H ofmj PPDS-J o]
2 Gormley-Kennedy equation2 %
= Ak 5= Stk (De Santis, 1994;
Dasgupta, 1984; Gormley and Kenndy, 1948).

—3.77xXaDL

1-f=091xe @

Gy

fi= 23 78, D= HONO®| &4t A4 (Diffusion
Coefficient), L& 25 7] 29 Zo], Q= 3719 &
Zo|th. PHY PPDSOA ©Ho R 7IAE xS
Al, a=b/a°|™, oltf ax= EH7|9] F7] F=O| F
7, b F22] Zolth. HONOS] AR 0.102~
0.154 cm? sec” & AM8-51A (Tang et al., 2014; Benner
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et al., 1988; Ferm and Sjodin, 1985), 0] =24 L3 &

&2 99.92~99.99% Tt

HONOO AdA x4 g8 ZAsH] Y519
HONO #Z7]41& Al£sArh(1E 2). 7|4 A
Al HrH o /“1 PATLE 21519 (Roberts et al.,
2010; Takenaka et al., 2004; Febo et al., 1995). ZA 2]
452 1 Lmin™ 2 A5t 40°CE 7HEH HH
W5 DI°t 1 M HCl 89S T3t ZA+= 8
cm X 9.5 mm (I.D.) PFA (Perfluoroalkoxy) A& <]
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Elste ol (9HS 2)E S5 HONOS A4l g)

HCl + NaNO, — HNO, 4 NaCl (¥h52)
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445 HONOE Mol 2914 Mug S
BEE Widot AUttt A WA= Na,COE A&
denuderE A4 7h= ZEo]H, o] HONO+=
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A FEE o] 3R] %2 denuderE AWM, F 73
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S5kt old = 5719 NO, &k 2ol & A4
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Fig. 2. The experimental setup to determine the collection efficiency of HONO by PPDS. HONO gas is generated from NaNO,

and flows through two PPDSs in series.
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Fig. 3. Measurements of HONO, O3, NO,, and meteorological parameters from Jul 14t to Aug 22" 2018.

At} (Lee and Zhou, 1993).

=

F719] §4:0] 0.8 L min 'Y ), =

2 91.8% =, o= Ad Ao A Y &

(92~93%) 3} 7 9] xto]7F §1SAth (Chang et al., 2008).

TehA HONO 5k 4HE Al A4 2 &85 K
gsttt.

>

- g—l) x 100(%) (A1 2)

294 =4

lﬂol‘

2.2 FOAM 2%

Framework for 0-D Atmospheric Modelling
(FOAM)-& 02 AFAF 29 (0-dimension box model)
o]t} (Wolfe et al, 2016). 1H 2% AAollA 7] =
iS5 VOC7T AToHE = 712hs BALSH | flsf v
E0°]%] 1-D CAFE (Chemistry of Atmosphere-Forest
Exchange) B2 9] F2E AHESH7] w2, FOAM
gl ofg o] e A% XA olehe

Sh=ri7 e gstE|X| H36 B M 5 &
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Table 1. HONO measurements from previous studies conducted in South Korea. The NO, mixing ratio is averaged value dur-
ing measuremenmt

Location Method Season, Year Mean (Range) NO,
(ppbv) (ppbv)
Seoul” Diffusion Scrubber - lon Chromatography (DS-IC) Jan, 1993 (0.2~0.9) -
May~Jun, 1993 (1.0~5.5) -
Seoul? Long Path - Differential Optical Absorption Spectroscopy (LP-DOAS)  Feb~Mar, 2003 3.5(0.9~8.6) 426
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
Baknyeong®  Quantum Cascade - Tunable Infrared Laser Differential _
Absorption Spectrometer (QC-TILDAS) Oct, 2012 (0.2~08)
Seoul® Parallel Plate Diffusion Scrubber - lon Chromatography (PPDS-IC) Jul~Aug, 2018  0.28(0.01~0.79) 17.9
(Lee et al, 1994),? (Lee et al,, 2005), ¥ (Chang et al., 2008), ¥ (Song et al., 2009), * (Ahn et al., 2013), and ® This study.
o AT Bt BAP} sbseith Foame 2
MATLABS 2 ZAJEQloH, 22k FIE] ek _ & e gl -8
.B e ! =% . G
(https://sites.google.com/site/wolfegm/models). 7] g3 -] :-,—I—l—:-l— =] ! r TLs H
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Fig. 4. Diurnal variations of HONO, O3, NO, and NO, during
the whole experiment period. Closed circle and bar indicate
the mean value and Q;-1.5IQR (Inter Quartile Range, =Q;—
Q) and Qs+ 1.5IQR.
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Table 2. The average HONO mixing ratio and OH produced from HONO photolysis in the early morning (Morn., 05:00~11:00)
and afternoon (Aftern., 12:00~18:00) during the high O; episodes and non-episodes.

High O; episode

Non-episode

July August July August
Morn. Aftern. Morn. Aftern. Morn. Aftern. Morn. Aftern.
HONO (ppbv) 0.48 0.32 0.38 0.26 0.32 0.26 0.28 0.20
Pon (pptvsec™) 0.11 0.08 0.06 0.04 0.06 0.05 0.06 0.04

200
|

Raw
Daily maximum

O; (ppbv)
100 150
| |

50

T T T T T 1
0.0 0.2 04 0.6 0.8 1.0
HONO (ppbv)

Fig. 5. Correlation between HONO and Os. Open circle indi-
cates 1-hr average and closed triangle represents the daily
maximum.
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3.2 HONO Z&sHoll 2Jst 0
0; s

AA £A717t & 147 B 05 57 100 ppby

iﬂrﬁ—(ﬂiﬂﬂﬁﬂﬂ 3S FE O; At

d (8/1 8/2, 8/3, 8/19)010q
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Hr} gorot, 1 sk 79 (169.4 ppbv)©] 84

Table 3. The OH reactivity (Roy) for the top 10 VOC species
included in the FOAM model.

VOC species Row (sec™")
Isoprene 1.44
m,p-Xylene (m,p) (1.30, 0.80)
Cis-2-butene 0.91
Propylene 0.84
Toluene 0.78
Ethylene 0.70
Trans-2-pentene 0.46
o-Xylene 0.39
Cis-2-pentene 0.38
Trans-2-butene 0.35

(156.9 ppbv) Bt} =34 th A5 & O, AFel| 42t v At
& v St-E o, HONO S Hisk+= 783} 8¢
DT 15T O; ALl 22 0.41 ppbve} 0.33 ppbv
2 HARIYL 9] 0.29 ppbve} 0.23 ppbv BT} =ttt
HONOO| o #Hiske F= { AZF(00:00~
05:00)° LEhh= 15k o] JkS 27 Tom, A
A= |/ AR AR Lt H AR D 9] HONO BT
zto]= 740l 0.27 ppby, 8E°] 0.15 ppbvE Hits ™
o] zto] Bt Zick. gt 27 AJ7H(05:00~11:00)2] 2}
o] QA] ¢F 0.10~0.16 ppbvzE 2% AJZF(12:00~
18:00) 2] Z}©](0.05~0.06 ppbv) BTt ZITH(3 2).

37} = 5 t)7] F HONOS] A7bo]]l mhE(t, t+1)
En ZtAL R SEE Uhe S B3] OHE AAISH
o= ZHstel, Ask 05 ARl HIAR L 9
HONO Z-#sfjoll 23t OH A/dE-2 Altstith (4
3).

[0H]; = Juono([HONO], — [HONO],11) (A 3)
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Table 4. The mean concentrations of NO, NO,, and TVOC as model input, and model results of daily maximum Os in each
period. The O;_HONO and O;_HONO_s indicate the O; calculated with HONO for its own period and the other period, respec-

tively.
Model input Model output
Month Episode
NO (NO,) (ppbv) TVOC (ppbC) 0O3_HONO (ppbv) O3 _HONO_s (ppbv)
High O, 5.1(23.2) 118 137 120
Jul Non-event 5.1(16.8) 106 48 58
High O, 29(207) 71 131 123
Aug Non-event 41(166 70 64 74
Taonot= HONOS] FES|-& (Photolysis rate)Z,  VOCs % =717t 5 OH reactivityg 7]522 A4
solar zenith angle (BfFHAGZhH& o] &al B3t 105-E& AASHATHE 3). ©] 105 VOC2] OH reac-

(A 4)E o]-gsto] ALSEATE (Wolfe et al., 2016;
Saunders et al., 2003; Jenkin et al., 1997).

J =1(cos(SZA))™ exp(—nsin(SZA)), (A 4)

AZVA 1, m, n Z+Z} 0.002644, 0.261, —0.288°] ™,
ARYE Jhonol B 0.1x1072sec” &2 THE ¢
8t B30T} (Li et al., 2012; Wong et al., 2012). 27
T Q% 7} 7A17F F%F HONO 9| 3+2-sfofl 2]t OH
P R= (pOH)?_ 7$JJ4. 8 BT gx{o] oXke3 Eq— =
UATH(E 2). SHATE AP A7}t Hw6HglS wiofl=
e HONO B2 215}o] (Poy) ESH H
vkttt (Alicke et al., 2003).

79 T sk 0; AElY] OH A& HIAH
Aol Blsf oF 41% Zith. 53] @ A7+ B OH A
FEL 9F 44% =SkTh I sdoll= 7o H] 3]
HONO =7} 23k AR Ao} vjAb A 7He] Zfo)

74 2=t BlAr Dol AlZte]l mhE A o] AR
JETE 25 T 714 OH BAE Al vt Lol of
7+ o Zoh

HONO-J J*E‘—oﬁﬂ 0, Al m| A= G A

VOC, Z12]11 HONO #t&E& o]-gsdto] 7491} 8]
05 Al A3t HlATLe] ehel (4714 A
o] WIshE RASHCE viE %
3 el o o7]el B2ge

tivity% A 55% VOC2| OH reactivity2] 65%& At
A .
st BEES AASHH O™ ot m,p-xyleneC 2
QIt 0, o 2= Y 04 ppbve BE &
ol glo] goluleln] oke folsitt 1059
VOCs % A8 717t ) £k A2A1E d A1z
AT 2o WEGE ASSek

FOAM Rdl2 ZAE 793 899 sk O, A}Eﬂ
A3} HAR L] & Ff O, 5= (0;_HONO)= =
A3 oF 0.2~1.5 ppbve] 2ol E H=H], ol=
7 71712] @A (1 ppby) AEO| B2 Rille] =
24 AT FRelhR Beln(E 4). ]2
vigo 2 793} 88 217t S AFELL) 5 5
o HONO®] 55 #3Jo]l T 0,2 < Z/igte] ¥
SIS HONOS] dgo 2 7H5H3it}. 18]1 HONO
SERHaHre], = 7h 7t g hol At At HlAF D 9]
HONO s&& HHo] 0, &8 AXtsHH (0
HONO_s).

d 1 0, Tt BF AU HONOE AHE-
& 390l 9tk 2, A1) 2 231 0, ke v
AILe] HONOE AHgshel aaom, ulxfee
o o F3 0; =+ AEY 9 HONOE AHgsHd
S7F5Ht HONO g5l w2 & 231 0, 55 4
oli= 74 10~17 ppby, 88l 8~10 ppbvict. 781t
8¥°] WE%= 0; AHE A1) HONO®| oJsff & %1
0,01 712} 17 ppbv2} 8 ppbv7} A3t 7219] 0, %

o] Z m,p- xylene< &5 m-xylene 2.2 7 4=
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7P g 2 AL TVOC H=7}F 740] (118 ppbC) 84
(71 ppbC) H} =47] wiZo]th E5] HONOS| 3+
Si= Q1% OH B4 E°] & 24 Azl TVOCE 7
A} Yol 212} 148 ppbCe} 87 ppbCE 7L} 8L 2]
U Z}o] (47 ppbC)E Tt B Z o] (62 ppbC)E H
At

A A3t BIAFE D 9] W TVOC Aol+= 790 ¢k
12 ppbC O 8€elli= 1 ppbC ©|5t= SH 2] @At
e AR 2to]7t Ao gl 8deolli= 2% (05:0
~11:00)A17F2] TVOC 5% 7} A <Y (87 ppbC)©] H]
A (75 ppbC)Ett =9t oL, 2.5 (12:00~18:00)
AZtoll= AR (61 ppbC) Tt HIAF Y (69 ppbC)
of o ESith sdoll= At viAb| L] H
TVOC &7} Fou|eh Zfo] & Ko7 9ok &

T511, HONO 5 =5 ‘ﬂdi}ﬂﬁi o 0, ¥ 1 &
T 790 Hlg] oF 60% = A53tATE ©]E voC
Fo] FHsHA @ A7 HONO® Fisi=5H
HZ2H OHOfl 2]gt VOCs 413} 712te] A 11 0, %
Lo FFE rlA= A ou|eitt

4.8 &

2018 7Y 14U 5 E] 89 22U7HA] A-&A] A=)
sty 4= 2o A HONO2} 05, NO,, VOC (324
975}y e Taks vk A9} e As =
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