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Abstract: Summer ozone (O;) pollution poses serious threats to human health and vegetation growth.Hydroxyl radicals ( + OH) produced
from nitrous acid (HONO) photolysis are key precursors for O; formation; however, the respective contributions of direct HONO
emissions and atmospheric chemical HONO formation to O; remain unclear. Based on a high-resolution HONO emission inventory and an
improved WRF-Chem model that incorporates HONO chemical formation mechanisms, this study analyzes the contributions and driving
mechanisms of different emission sources and secondary chemical processes to summer HONO concentrations and O, formation in the
Beijing-Tianjin-Hebei region. The results show that: (1) Direct emissions and chemical formation jointly increase daytime (09:00-18:00)
HONO concentrations by 0.24 pg/m’ in the Beijing-Tianjin-Hebei region, of which direct emissions contribute up to 71.37% (0.16 pg/m’),
while chemical HONO formation accounts for 28.63% (0.06 pg/m’). (2) Changes in atmospheric HONO concentrations further affect
regional O; concentrations. Specifically, fertilizer sources, other emission sources (soil natural emissions, biomass burning emissions, and
traffic emissions), chemical HONO formation, and their combined effects increase O, concentrations by 2.55, 4.67, 7.55, and 9.00 pg/m’,
respectively. (3) Spatially, fertilization emissions mainly affect northern Henan Province and southern Hebei Province, while other direct
emissions exert the strongest influence around Tianjin; chemical HONO formation contributes significantly across all these regions.
Overall, the results demonstrate that both direct HONO emissions and atmospheric chemical HONO formation contribute comparably to

regional O; concentrations in the Beijing-Tianjin-Hebei region.
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Y5 Song 25 R it A HE B3 vk 45 2 A% HE ik
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Table 1 Direct sources of HONO

K2 FERYIENMEZEAE

Table 2 Major physical and chemical schemes

SR ZHTT

Advection scheme Runge-Kutta 3rd order

Cloud microphysics Lin microphysics scheme
Boundary layer scheme YSU

Cumulus parameterization New Grell scheme

Land-surface model Noah
Long-wave radiation RRTM
Short-wave radiation Goddard

Revised MM5 Monin-Obukhov scheme
MOSAIC

Surface layer
Aerosol option
Chemistry option Updated MOZART mechanism

Photolysis scheme F-TUV
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Fig.1 Observation station location
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0.21 pg/m’(5 B Y 41.18%), 784 10 % & HONO
() A HEUS NMB 377 7E-26% MARAL . WStk
A ) HONO A i — DB AL 45 ], fiff Case_all 1%
£ HONO ¥ TH 2 0.51 pg/m’, 53l Wil i {1V 2%
0.02 pg/m’, 1 EMJc%‘é@:J‘cE’J HONO ¥4 0.12 pg/m’,
(51 B, JL45 Case all 15 5 B9 6 R4 R(0.69)
It Case_fer f H 5t (0 45) 1 Case_em I# 5 (0.49) i) R
FARL, (HHIKT Case_re &5t (0.88), iX L—Iﬁ‘éﬁﬂzﬁﬁ
HERICTE B AN 2 XA - A R T

TE SRS X JEAT Y O, MR EEAR 4L, Case base
1% S P BLHUE S5 WME R R A 0.64(L3F% 4). 5l A
HONO B #E R 5 Ak 2= AL fe , 475 21 1 #h 3R O,
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i HONO (1) B 32 HE R — Wk A B BB AN [ i 14
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& T WRF-Chem 75 S it 50800 | HERICH S4B Je
RER ) IR F1 30 B35 S AN E P, B A A Al 25
SR 55000 B A LA AE — 2 S Al B 5 R 2R 5T 45

A (—20~46 pg/m’) A L, F i 22 75 ] 42 52 9 L,
VISR S Ol X Rk SRR IR S i € Wi )
XY o
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Table 4 Model performance statistics for major pollutants in the

BTH region across different simulation schemes

i ) MB/
LR 7353 3 NMB/%
(ng/m”)

Case_baseli 5+ 0.64 15.72 19

Case_ferl 5t 0.75 18.29 22

03 Case_emf{fi &t 0.81 25.62 31
Case_reli 5t 0.82 29.37 35

Case_allf5 0.79 28.69 36

2.2 FLREHERC Ak A B KA HONO 6B (1 ik

4 HONO B 2 HE ik 5 1k 2% A= UL #8 & 2
WRF-Chem #52 A1, M T ot it 3 b X & & 4 K
(09:00—18:00)HONO 453k il o H s e e &2 1) w3 ik %
23 Al A M . 51 A HONO HEj%U5 , HONO [X 35 3
PIMREIRTIT 0.26 pgm’, BAROKRE, EHAEHEUE S
F HONO ¥ i Tt i) EZER 2, X X3k HONO 73
W FE Y TTRRIA 0.18 pg/m’, TR N 71.37%. 16 H 1%
He e, A 38 AE HE L 5Tk T 0.06 pg/m’. BEAL, fk
4 LAY HONO 5 - 38 it A HE i 53k (0.06 pg/m?)
FH24, BTk RN 28.63%(IL I 2), 45K, RE1L
22 BN HONO A sy 5 9K sh 7 L, 15 1 3 HE i
{752 X35, HONO ¥k B2 TH i 1) £ R %

UL X b & R, 5 R X HONO + 4
Jit AEHE RO HONO YR FE [ TTRR 3 (24.45%) &KL T
LAHR HONO WL 3 (41.18%), 33X =8 P4 Ky SR o 45
AT B AR Hp X, JHE A St I e i 23 37 8 X 3
BIKF-o AN, izt £ X s 4 e He ik 2 = T
2, HAb 2 A DT RR R (22.52%) BEAIR T X
1A IKF (28.63%).

MZS 8] 43 A K, it HEHE L HONO T 0 %
HONO ¥k FEHRTH T 0.06 pg/m’, H5E2 0 () = {H X 4 h
TR IR (LA 2) BRI, b4 m &
?ﬂr‘ﬁﬁé‘jt%{i&m%ﬁ%?ﬁ%%%#ﬂﬁqﬂEbﬁfﬁkﬂ?
X3k 63% 11 HONO g Jifi JE HE il i o 3% Fh 43 [|] 40 A
FRAE 5 Zﬁiﬂk%é’ﬂhﬁfg%‘ﬁﬁﬁa‘é, /H\EF', N E S
B b 0 A IR 49%, G 4 [ SE S (14%); 37
Je 48 F il AR 48 0 Bk H T B B 4y iR 34.6% Al
32.1%. IR = /NE - T KRGS X ZUIE i 25
4= EPFEIKOF R 64.2%, S8t AE L FE HONO HE
RN X RIITELOL SR AR R A IX, BT
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Fig.2 Daytime HONO concentrations from different emission sources
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HONO sources
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Fig.4 Daytime MDAS-O, contributions from different HONO sources
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