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Budget analysis of high nitrous acid (HONO) events and its role on ozone

formation during springtime of Beijing

Yang Rong'?, Wang Wei?, Zhu Weibing? 3, Ma Zhigiang*, Tang Guigian® 3, Hu Bo? 3, Cheng Xueling?, Liu
Zirui® 3
(1. College of Atmospheric Sciences, Chengdu University of Information Technology, Chengdu 610225, China;
2. State Key Laboratory of Atmospheric Environment and Extreme Meteorology, Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing 100029, China; 3. Sub-Center of Atmospheric Sciences, Chinese
Ecosystem Research Network, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029,
China; 4. Institute of Urban Meteorology, China Meteorological Administration, Beijing 100089, China)
Abstract: The budget analysis of nitrous acid (HONO) is one of the challenging and hot topics in atmospheric
chemistry research. This study conducted observations of HONO and related pollutants in urban Beijing during the
spring of 2021. A simulation study was carried out to investigate the source and loss processes of high HONO
events and their impact on O3 formation during the observation period. The results showed that the average
concentration of HONO during the observation period was 2.55 & 1.34 ppb, with two high HONO events (defined
as the hourly maximum concentration of HONO exceeded 4 ppb for two consecutive days) accompanied by high
PM: s and O3 concentrations. Based on the photochemical box model (FOAM) and observational data, the main
sources and formation pathways of HONO were explored by coupling an updated heterogeneous chemical
mechanism on the basis of a chemical mechanism (MCM3.3.1). The results indicated that the main daytime
sources of HONO were photolysis of nitrates, the homogeneous reaction between NO and OH, and the
photochemically enhanced heterogeneous reaction of NO2 on acrosol surfaces, with average formation rates
(contribution ratios) of 2.70(55.8%), 0.53(10.8%), and 0.05(10.6%) ppb h*!, respectively. During nighttime, the
contribution of heterogenecous reactions gradually increased, including the heterogeneous reactions of NO on the
ground surfaces and aerosol surfaces, as well as heterogeneous reactions related to the enhanced aerosol surface
uptake of NO, with NHs, with average formation rates (contribution ratios) of 0.07(41.3%), 0.03(20.3%), and
0.03(20.0%) ppb h'!. The primary removal pathway for HONO during the day was photolysis, while dry deposition
was dominant at night. Further simulation analyses revealed that the incorporation of the new HONO mechanism
significantly enhanced both the formation and loss rates of ozone (Os). The sensitivity of Oz generation was
observed to transition from a VOC-dominated regime to a synergistic control regime involving both VOCs and

NOx. Elevated HONO concentrations and their source-sink processes were found to not only accelerate O3



production but also modify its generation sensitivity through dynamic regulation of Os precursor concentrations
(VOCs/NOx). Therefore, for the prevention and control of springtime ozone pollution in Beijing, it is crucial to
correctly understand the feedback mechanism of HONO chemistry on ozone formation.

Keywords: nitrous acid (HONO); FOAM; budget analysis; EKMA
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SATLAHER (HONO) X E KA H A (OH) MEZRYE (Zeng et al., 2024),
H ARG EXT OH H HZE 1 TR AT =18 60% LA _E (Tang et al., 2024; Wang et al., 2023),
R SLA (O3) S A2 RIS P HITE R, IR X 38R R E G5 9% (Zeng et al.,
2024) o [FIF, HONO &2 — a4, Honl 50050 5t R iy it e o T R A 4R340
SRS SR VI AR I, 7B S PR (i B (28 2%, 2022; Bartolomei et al., 2015; Liu et al.,
2024c; Pitts et al, 1978; Sleiman et al., 2010) &

SR HONO 7 RS0 B EEAER, (HEXT HONO 78 KA 35 ZORIE B H — A i
BRI TAPAAEIRN (Kim et al., 2024) o H AT SCHARIE ) HONO T ZORIEA M bt
M E & F5ME (Zhang et al., 2024) PLA 3R — kAR —% A (NO) 5 OH HHE:M
PR IR SR A 2 (NO) AR SR A 52 I 55 — AR i CJE B, 2024) < HLBN % &S /2 HONO
ELAEHEBON — A EESRIE, R EVRE R KR HONO AR 29 1 12 - 49%. 18 i A
HONO HEjilt 5 NO HEU1I L % (HONO/NOx) S #mHL3h 28 B E:HET HONO 7= A [f vk,

V-3 HONO/NOy FEH 2554 0.8 £0.1% (Kurtenbach et al., 2001; Li et al., 2021; Yin et al., 2023;
Liao et al., 2021; Lin et al., 2022) . 1% i A= W aE AL AN s i A0 A F gk iE SE e i HONO,
1 0 & AL A0 B S E M e B R HE AL HONO 3t i ARG 2, 7] LK K hnid 4 FH +-3% HONO
IR (Xue et al., 2019, 2021; FHFMAE, 2022; Wang et al., 2021) . NO 5 OH ({34 &3
PN HE HONO (8 EERJE (Alicke et al., 2003; Xuan et al., 2022) , $F5Z A5 G
5 B 3 ZE AT LA H A] HONO B 40% (Feng et al., 2023) o NO ZEMIE R (WS
VIR A T A AE SRR S AL A 9 18] HONO ) 3= #2515 ( Tang et al., 2024; Wang et al.,
2022; Hu et al., 2022; Zhang et al.,2023) , Z%IIFE 5 PMas IKEZVIFHK (Cui et al., 2018; Li et
al., 2021; Bao et al., 2018; Huang et al., 2017; Xuan et al., 2023; Zhang et al.,2023) . 5T At
FRM], T YRt B I NH; 7] DU R NO» IAER M4k, AT 850 18] 5 HONO H4F

(&4 (Liu et al., 2023a; Xu etal., 2019) . Ak, F4EEEF HNO; (IGHE[F FE 2 HONO (1

FEERYE (Wang et al.,2023; Laufs et al., 2016; Ye et al., 2017; Jiang et al.,2023) , HHF 7L,

T2 A1 HNOs B ## 5 NO2 ARSI AL XS T H R HONO H 5Tk 2 7] 45 B 2] (Chong et



al., 2024; Chen et al., 2023) , JfH HNO; iJ LLiliid 2 5 NOx (LI FE i3t HONO A ik
(Song et al., 2023)

H R E S KI5 JBRAT AR A TR R R LR =T AR Dok, Sk
Hi DX R DX 2 A0S ok B35 B O A ULt 2024) o AT, DL PMas M1 Os
RERAE BTG R BRI, JEHIBE 2R TEKZE, Bt ARHL) I FFEEBa
PRFNE GG YR, I HHGREESEIMY (FREAE, 2023; Luo et al, 2022; &
AEESE, 2024) o DAAE I SINGTE 78 R I, Jb ot Hh X 75 2 5 LI 2145 5 7k FZ 1Y) HONO (Hou et

al., 2016; Zhang et al., 2019; Song et al., 2022) , Ff H & & {£Ff O3 15 4+ F/F (Wang et al., 2017;

Deng et al., 2022; Zhang et al., 2020) . Kk, FIE % =ik & HONO (9 UEICAL I & HXT 05 %5
TR G, T R R B A R . T, AT T 2021 (ERE
AT 7E 1L 5 SR AR 7T 0 T e HONO A G5 YW IR S LW, 1% 2 2= 0000 441 1)
R AR B A5 Gt 72, IR 0-D A # A 1AL FOAM #RFC T HONO [FISIEATLHI K Hoxt
SRR TR, B E IR T A XIS AT B A S BRI B A
2 MBETE
2.1 BB

AT 5 R AR Hhy SR T A R B KA B TS 400 (TAP 3 2, 39.98° N,
116.38° E) AR RETH, KFE S E B H I 10 K. iZub iz FAL s ii b =R AL U3k 22 4],
HALAZE FEIE Ol A SIRPE R ) BT, A A A AR, BN ILak i,
Sy SRR T S . LA TR 2021 £ 3 A 3 H&E 2021 423 H 11 Ho

SRR E B B T7 vk

ASHIFFE TS F S AS TR R (HONO) 7E 2R I £ A3 25 & ph v [ Rk 2 e A 2 BT 6 1 R 5T
AR, AL 5 SRR AT PR 2w B ) [ 7 R LA s o 1ZAX A2 TR 220
AR GBI GE KN & HONO, 70 KA fIe. il e, B idgBo=Hr. X
P ICH) 35—l 18 R4 HONO FAHAD TR S S, 58 @ CREHARL TR R 1S
Sy PANBIE (S 5 2 B SE PR KA B9 HONO K% . SRBE B0 R4E 5 (1) HONO 5 R2
fTA (201 47K 240ml 572 6.88g M#fiflZ. 0.4gN- (1-Z85:) Z =g nniRs
FEAL e e FE RO 1A AR S ARE, B IR RS 0 RT I BA  A RR SOEFE 41 A 1 Py B L
LU E, FEAOCTEAXSER i HONO WK . AZAX A HIA M IRy 10 pptv, (] 73 # 3 0
10 #b o D9t DROVLIN 25 SR A HER I, o ) SE RS (0 L S0 0 C 8T ) R2 VATV 408 5 4 1
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FEFF & HONO FEZ A I [FIRT, 10 H TR MR S R B R ETE TAP 3 b AT 1 AP
. e, fHAEL voCc W ARS (TH-300B, HFERAT) R (0% 5T 0% /KO B B
M (GC-MS/FID, SE2010, HA) X KA H#EAEANMATIELSNE, SILEE 116
FEE I M HUDFR A S R, B TR) 3 B8 280 1 hs D RAE NI S5 SR AR, s 00
IR, Co-Cs SRR SR (IMbrtE SR HE 56 Ff PAMS VR G470
Hi FID Kl #3817 bn e, JLRVph il MS 25 68 F W bsikbrse. (FRIREE S Sppby, i
PR 60mL) o AUESARE RN T kD> RGerh 5% B S F 4 S AT 2= Al SRJGAE
FH 5 Fhif BEBE BEARVEE SR (0.2. 0.5, 1.0+ 2.0 Fi1 4.0ppbv) #HE4TH5 58 I 58 libn e #h £k 2241,
PRUE T ZRAR DG RECK T 0.99, R LA BRI 15 (il 0 TR R AT AT (2R A G o 2300
RG22 5y CRETR ERAE) (AR S M I 6 P S AR AL 2 4143 A (ToF-ACSMD WLINA3 215
A I AR P R AR e A R AU FH A FROE RS KA T 151 (SMPS, TSI, St.Paul, USA) il
S I T S OREA) 2 T AR IR 1 . NOx R 7E 2R I I 1 55 51 e Fl 2 ) A 7= ) i T4k 22 RO I
HL) NO-NO»--NOx 7T (421D (&5, SR, S AR K. KESESRSHOk
H T TAP 35 5 B 3 TR . ek 2 1 7 esa A it (DMC300) WM THEAE], &4
B Z FE O TE A =i (CLS1, Vaisala, Finland) JE3KMS. H4h, 05, SO, CO,
PM. s 8515 e V)5 U5 B T AL 50T AR A5 ) B A b ety 220k A2 T TAP s R ABTT
) ELZGBE B 290 2.4km;  NH; (7EZ ML Bt ok 1 AL s R R E kG (Picarro G1103)
2k A TAP i g UPU R 7 ) ELZGER 20 7.8km.
2.3 JefbiERaER

AT R PR ZENLE] (MCMV3.3.1) [ 0 4E A4 (Framework for 0-D
Atmospheric Modeling, FOAM) JF & HONO VRIS 7T, B ) iz M T K20
A2t FE AR . FLIEAI1L 2L (5 BT /2 MCM R385 45 Chttp:/mem.leeds.ac.uk/MCM/),
A A R e 3417 NIRRT 1026 NS AL AR FE AR AL LA LB AR N 2 %
7, BIANSH A HONO. NO. NO». Os. CO. VOCs. Bk AW EZ . Rk m &
W SRR AR RS (KR SR MR WRERES %, Ko
11 VOCs i (100 FiD FEAFEGE (k8. Wk 7 TS ik (L. s 7
RS L S ER CR. HZR. AR | mfUE (EH k. R, Jokis B
RERARMEY) (LB, R, PIMEE. IS o B TAERBL R B e AL id 72, il e
FOAM 0 5 R 5 B — B A R 26 K=1/86400 s If- 150 BT SHIR 9 0 S S — LW Fh e

BRI A &R . RIS, RS ip AR B R 85K HNOs (4 em s') I HCHO (1.2 cms™)



WH T TUREHREZE, RFEEHR MCM HYMITTEE R . A2 /I 5T 45 KR,
R 5 B AR R AL IR X A 2E IR E Y W PAN AT O3 IR FEEAZ AL (Liu et al.,2021;
Han et al., 2023) .

T RATZ ATEFXT HONO JEICHLHI AR 45 9 (Liu et al.,2021; Liu et al.,2024a) , 7

MCM HLEI % & HONO ¥4 K (OH+NO) [l F (base 15 5) , #—H4F FOAM
PR R 523 T HONO M — R HE LA S B A AR LTSS CHrIsdR S 5 . B3 NOES
VA R T A AH SN« NO, 7E 2R T (I AE S AH S8« NOo 7ESIE IR 2R 1 638G 5 AE 4 AH S

B2 NO2 7EMB R T BOGIG s ARSI AH S L W IR AT PR DGR S L B2 ER BB AR S B2 . HLEh
ZERAW EFEH . NH; B 58 1 NO» /£ UE IR M AR A R N . tb4bh, 1% HONO ) —
UHER, AW FCIE % B T 3T 3 HE A HONO (ML (Tang et al., 2024) . [RIIARHE LAAE
(R 7S, 7208 HONO LUl B Hr T 0, F H ORI AR L0l 2 5 EH % (Xue
etal., 2019) , [KIL7E Tang %5 (2024) #&HH HEEH HONO WL L4l 2 b, A5

W BINKFREESHE (SR) S 4F b2 84 K -3 HONO 158, HAS R E I 1 s,



1 KRR FOAM 428! dh# B i) HONO #iEEMERERRESHNUE R

Table 1 Summary of parameterized HONO production mechanisms for the additional sources implemented in the

FOAM box model in this study.
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Heterogeneous_aerosol N0 aerosor = 37 % 10 Liu et al.,2021

EFyy py = (NH, x k) ((NH, +10) 40% < RH <70%

Heterogeneous_aerosol EF EFyy = axexp(kyx NH;)+b  RH >70%,PM 5 >150ug /m’ Liu et al.,2024a
Heterogeneous_ground YN0, grouna = 31 % 107 Liu et al.,2021
Aerosol_hv Vo aermsotin = VX107 X (T 6 T ) Liu et al. 2021
Ground_hy 7 N0, round e = 0% 107 x(J 50, ! I 50, noon) Liu et al.,2021
HNO;_hv Kyyo, i = (B4x107 /Tx107)x T Liu et al.2021

Liu et al.,2021;

PNO;_hv kpyo, e = (83x107° /7107 )% Ty, X EF
Liu et al.,2024b
Direct emission HONO= NO, x0.0078 Liu et al.,2021
Soil emission ki = (-V,([HONO]‘[HONO]*)/IOOxBLH)X(SR/SRMAX) Tang et al.,2024

3 R 58
3.1 HONO FIAHKYF5 Gk 7 KX H 34k
W 1 s AL E R R I A (2021 4E 3 A 3 HE 3 A 11 H) HONO 5H#f2%

T Q) e F B RS A ] P A o SR R (P38 KGR Tmvs, P 3RCN 7.34°C,
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fR-F U Dy 2.55 £ 1.34ppb, S 2 5 T AL m¢ (R 30960 By s A MIAE . #2009 4 2 2= 11
0.19ppb (Hendrick et al., 2014) , 2014 SE#Z=f] 1.95ppb (Hou et al., 2016) ; LK EH

(0.79ppb-6.82ppb) /5 T-Ab 5L 2000 FFFHFZEM) 1.15-3.17ppb (Hu et al., 2002) FI 2022 F5
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23 7 11 H I IREFSH =ik 2 HONO 44 CFIIREE 53008 2.93 £1.02ppb Al 3.12+

1.61ppb) , & HONO /NI E{E I 2 thBLAE 2021 4E 3 H 10 F (6.82ppb) o X W Ik F 441
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Fig 1 Time series of HONO, related pollutants and meteorological condition
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Fig 5 Simulation results of Os formation and loss rates and net production rates (a) without and (b) with the additional sources were added
in FOAM during spring episode in Beijing
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Fig 6 Isopleth diagram of the net ozone production rate as functions of the different NOx and VOCs concentrations from an empirical

kinetic modeling approach (a) without and (b) with the additional sources were added in FOAM during spring episode in Beijing
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