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SAEUEEIEREFASHBREREKFE

XHEEE | A ETE REETH 2 A ? PR 2 REHER ° Sk 2
| ZHE TR, HIRSHEEZ0E, W 232001
2 REERREA GRS B AT, RAIET S TR E X S %, EET 100029
3 THEN, KAGEKRZER, T8 214105

B dbnd PMosVRBELHE RSN, WREREN RS R ESH Sy, WAHE
WA AT PMos AL E R R REE . AR E T 8UE-IEERFE RS
(ENVINT-DENOS)JT & JL BTk [X. PMa.s AERBEME S AR (NH; F1 HNO3) BBV S
52024 4E 7 H), @5a R (Rr) 5B BETE (Row) AL A~ AT 700 4523
BoR: R[] NOs™ (6.2+6.8 pg/m?) i 3 & T H [\ (3.2+2.1 pg/m*), HNOs(g) H ARk &
(4.5£2.3 ug/m3) AR E)(1.9+0.7 pg/m®)K] 2.4 £%; SHRFEAL(Cop=0.56)%F iHER £h 1)
TURRE = T A AR (Con=0.44), 7 T BRI NOs B 2 57 H (A A AL R
(Roxi=0.25) i, NO2 X AL =MW A TR (p>0.05), RLEZ A (R6/p=0.42) 52 T 1
JE A ALWC 4% (p<0.001), NHyNOs 17 75 B 5 (¥) fift 1 151 14 (95% Ff 4R Py, *
Puno,/Kp<l), &JBETNa™+Ca®+Mg*+K")LEZS 5 NOs A R(p<0.01): &
) S RLFEAL (Rop=0.61) 5L, ZiRiE. ALWC Al pH i (p<0.01), FHALXHE
(Roxi=0.19) T B BUBE 7 AT B . H 3] NOs % TNH3(NHs+ NH. )M 4 )8 5 7%
B, A PRARIAE R E K 90%, NOs 5 FFE 1.5 ng/m’ A1 0.6 pg/m’. &[]
NOs FE52 TNH;3 5200, NH; BERIA R E R 90%, NOs FF% 5.1 ug/m’. AHFF
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FREA: PMas fiMIREL ARk AR

NEHS: HESRS: P402 CERIRAAS A
doi:10.3878/j.issn.1006-9585.2025.25033

BeRE H M 2025-03-07; WiEER 2025-05-26
YEFTN XEsE, B, B, N PMasi5 4 R SR L. E-mail: liufuxin@dq.cem.ac.cn
BWEE AWE, B, HLod, BIEER, PFRTIRKIG Y40, E-mail: Fgzha2006@163.com
FREE, &, WLue, TRRm, T8 o RAOKE S 7155, E-mail: cmt@dg.cern.ac.cn
BEE Abui A AR AR EDIH (8244071)
Funded by Youth Program of Beijing Municipal Natural Science Foundation (Grant 8244071)
1



25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

Gas-to-particle conversion governs atmospheric nitrate

concentrations in Beijing during summer
Liu Fuxin', Zha Fugeng'!, Cheng Mengtian?, Wang Yinghong? ,Shen Ying? ,Kang
Yanyu®, Tang Guigian?
1 School of Earth and Environment, Anhui University of Science and Technology, Huainan 232001, China
2 State Key Laboratory of Atmospheric Environment and Extreme Meteorology, Institute of Atmospheric
Physics, Chinese Academy of Sciences, Beijing 100029, China

3 School of Atmospheric Sciences and Remote Sensing, Wuxi University, Wuxi 214105, China

Abstract Beijing’s PM2 5 pollution control has reached an implementation bottleneck,
demanding mechanistic understanding of nitrate (NO3") as the predominant secondary
pollutant whose diurnal formation discrepancy and its dominated factors affect
refined management. Utilizing an ENVINT-DENOS diffusion tube-filter membrane
system, we conducted diurnal observations of PM> 5 and precursor gases (NH3z, HNO3,)
in July 2024, quantifying gas-particle partitioning (R/r) and oxidation efficiency (Roxi)
to elucidate diurnal formation of nitrate dynamics. Key findings reveal that nocturnal
nitrate concentrations (6.2+6.8 upg/m’) doubled daytime levels (3.2£2.1 pg/m?),
contrasting with gaseous HNOs; showing 2.4-fold higher daytime concentrations
(4.5£2.3 vs. 1.94£0.7 ug/m?). Gas-to-particle conversion (Cg/»=0.56) exhibited a higher
contribution to nitrate formation compared to oxidation processes (Cori=0.44), and was
identified as the primary driver of diurnal variations in particulate NO3™ concentrations.
The oxidation efficiency during daytime (Rox=0.25) was significantly higher than that
observed at nighttime. NO, demonstrated no statistically significant impact on
oxidation products (p>0.05).Gas-to-particle conversion (Rgr=0.42) was predominantly

regulated by temperature, humidity, and aqueous liquid water content (ALWC) (p<

0.001). NH4NOs displayed a pronounced dissociation tendency, with 95% Pyy, *

Puno,/Kp <1 samples. Metal ions (Na*+Ca?*+Mg?*+K*) exhibited significant

involvement in NO3~ formation (p<0.01). The gas-particle conversion efficiency at
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night (RG/,=0.61) was higher than that during the day and was regulated by temperature
and humidity, ALWC and pH (p<20.01). The oxidation efficiency at night (Rox;i =0.19)
decreased; Sensitivity analysis revealed daytime NO;3™ exhibited heightened sensitivity
to variations in total ammonia (TNH3= NH3+ NH4") and metal ions. Under 90% control
scenarios, NOs~ concentrations decreased by 1.5 pg/m? and 0.6 pg/m? for TNH; and
metal ions, respectively. At night, NO3;~ was mainly affected by TNH;. When the
control ratio of TNH3 was 90%, NOs~ decreased by 5.1 pg/m?.This study establishes a
diurnal control framework to guide Beijing’s refined PM» s governance.

Keywords PM; s, nitrate, gas-to-particle conversion, oxidation processes

it

1 5

H 2013 ke, JERtTBURSEE T CRATSRBHATTAIRD) M GTRIER
PRI 3 FATENT R 25— RVIKS IS Y BRI, A 28 H] 115 R H,
bt 2 AT A B KR B0 - 2013-2023 A6 5T T4 URIY) (PMa.s) — LR (SO2)
M= B NOw F B W E o R B 642% . 88.7% Al
53.6%(https://nj.tjj.beijing.gov.cn/nj/main/2024-tjnj/zk/e/indexch.htm) . #R i 3T 4F 3K
15 REIR B g, K5 4P ia it AIRIKIX (Zhang etal., 2019).  {H3Lrp g
[ 45 e 6 T A TR G I b [ 2 i i = L) TR e, “ 31 2027 4, A E 4Rk
WD YR B R B R 28 T /ST KA Y o B B b 5T PMas W5 (2023 4F 32 fi
SURRSLTK), BE EAMITA BORZERE, 15 YBhA A R fE i — R T

TN (SNA, FRREE S04 #Eh NHy FAHER £k NOs™) & PMas [
PR 4y, AR HLIX 5 B ATk 30%-70%(Huang et al., 2021; Sun et al., 2019;
Wangetal., 2019). 5 TR, SO VAHRAE S, 2013-2022 4F#A R Hik
FETRFE 79.4%. [FIH NOs~ T [ 53.6%, {H /7 H 22.6% F %1 28.3% (Chen et al.,
2024; Yang et al., 2015). FEHEIGHHAFH NOs G HE BT &L 30%-40%, AN
PMys B IR TEHLAH 73 (Xu et al., 2019). TEARSKBRIY) G B, F A2 252
B LA A
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NO; AL A%, BRAFEARBRAS: HIA¥EE H HiE(OH )% ik NO2 £
S THIR(HNOs(g)), PRSI BT U(NHs) B 40k 22 DA S £ (NaCl) 38
4L R NOs(Song etal., 2001; Hildemann et al., 1984). NO, #| HNO; [{4L 22
W5 RKAEMNEETI(AOC) R FEARDE, AR 1 U LS SR Al R #h 189 i = 22 H
AOC 455 fT S 3(Qin et al., 2022). HNO; ¥4k NOs I 252X %« NHs. ki
VIR (pH) VB IS /K & B (ALWC) MM 4 8 B8 125 2 Bl [N R 42 & 52 i
(Huang et al., 2020; Wang et al., 2020; Murphy et al., 2017). FSE%(NH4NO3)Z
WK NOs ) 3 EAFE /3 (Zhai et al., 2021), NH; £EF A HNO; il #2 1 K555
FAEVER o NHs 85 HFBOT DA i X 30 IR #h 7% (L et al., 2018), NH; I HEZ 0
H PM, s 5 Y2145 2842 (Huang et al., 2024). 18] NO+ 4L i RS BRI E %

(NO3*) Bl&: 0315 NO, MM NOse, TS5 NO» #— b4 R LA —

Z(N20s)o N2Os il I /KA [z N A= 1% HNOs(aq)(Wang et al., 2017), %L FE 27 [
NOs A 3 ik 1E(He et al., 2018). NoOs KRR AR L . FALYI A HL
Y FE S5 R R R (Bertram et al., 2009). 4k, NOse SEM A HOH S X
A% HNOs(g), {EXT NOs2E il 5k % /N (Alexander et al., 2020). {E— 645 K1
AHAI(VOCS) IR FER R LXK, ZBRAEXT NOs [R5k 2 FTH n(Wang et al,
2019),

NOs A ik BRI Z M 2 e s, H T EH T A FE(HNOs A2 B M=
R AG(HNO; —NOs ) /NS R . JEIE A Os IR M Jetb 2 R N
R YA R R AR AR, S R IR S SRS AR S AURL I A I R A I
ARFRT 2024 4E 7 H, AHACEIRIX PMas S B AR I A 0T T B
KAESHT, RTCAIR BRI R T F I E R, DAL SR SR 2h kS
A4k V6 B T SRR BERHE AR AR o

2 MRS REE
2.1 Mk s ANk R E

AHIE FUAE R B K S EE TS 7 #E(TAP, 39° 58" N, 116° 22
E) A% “RERE TS RAE 0, BRI 8 oK. il A A 5T i X 28 =34 55 DY 3£
Z 18], ZR PG P A e AR 23 el m AR T D i BE/INX, A B AT S (8 b5 44,

4



108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

9 B BT DXOIEAER A R 3 BUE IR A R GL(ENVINT-DENO8 Denuder,
K 1) BE5(9:0018:30, 18:30°8:30)[FIAT KA RS H 1 PMas BT 2H 4 FER B 14
AAR(NH; F1 HNOs)FE it o JEUCER 43 HAA RFEAR(H 7] 23 21, & [8] 20 H). KFF
RGEF BRSO, PHUE . BN R B8, IERA TR EE G
(HORIBA A Z 3/ H (B 1) SRARRE N 12 L/min, RPN 47 mm
AL

BRI RN AL, 23— N RGO MR, SRR B A
SRR BE N BUE T HUE . BEEHIR, AIIE R B ETUIRES T
KI5 SV F Y R B R P, i B L EAS [F) IR B 77 R
e HARYI T RS HT R B, RomMi: XS EHE: HT
ZBRHERORL, R A VFAERRI @ s I IR AR B TR RFEIE, SRAEURLY)
FEf . P ERERE: H TR AR,

KAERTARIE: (DA ZE TGRS BBV 108 =k, Rk 10 380, X%
LR VSR (BH5 HCL. HNO3 Al HaSOu) FIB M S AR (NH ) 1137 B (BR 1 Al 14
Y. IEVEE G, [EHBAE ST WA . Q)R U
3 ml TR R 1%(w/v)) NaaCOs F 1%(w/v) I H i 7K - B
(50:50) 7 R BC HITT R s B4R IR BRHAR ER 1 % (w/v) IR B TR V5 T 7K - FR R (20:80) ¥ ¥R HH L
T R), B ORI R 70 20 8 26 1 I PO BE, DLORIEWR B ke . B S, PG
AR YRCE A EE, R A . Q) B KRR 2 & (AP
BUCK M30)Xf it s AT e, AR DR 53 RS 1 12k

KRG AL (D) SMFE el B A 2 in AN 20.00 ml %
Bk, HPED EFREY B 3 8. JEUERENE T 30 ml JKER(PET)E
i, B T-20°CHIVKARHARAE . B T3 BUE B RCREERE R EBUD, 2 BEILRE i
IR 2 7 IR FE AR, S SR T HH R s i 3 o = (A R 4. 2021 H
HRFSE. 2017), HORSERREL— KB e Q)RR MCRFEZSELUT J5 S2H
NS, EEERATEE 72 h FRE. S0, B0 R TR
(PET)Jfi, JOIA 20.00 ml 25 -F7K, 1EEEA 20 min, EHEAF

B MR 88 - €11 (Thermo 1CS™900 USA) 5E I PH B8 ik 5 . BH 46
MR CS14A/4 * 250 mm 73 B4, WRBECA 22 mmol « L H) HEETEIR(MSA);
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FH B 7RI AS22 4 * 250 mm 43 B5AF, WREEHCN 3. 5 mmol « L ] Na,COs Fil
1.0 mmol * L' f{) NaHCOs JR &V . BRI S AARE i DAL JE JERE 5 K F AR [5] i
JriEBAT I s I SE B SR R 4n R R TR |

=T 1KBEEENBFRSREKRELMER (mg/l)

Table 1. Detection limits of water-soluble inorganic ions in atmospheric particulate matter (mg/L)

e Nat NH4* K+ Ca? Mg2+ F- Cl- NO>~ NO3~ SO

i BR
(mg/l)

0.04 0.04 0.05 0.07 0.04 002 002 003 0.05 0.06

LR 1&g 11 EE | 1 4TE o

B 13 fi E- R R R R
Figure 1. Schematic diagram of the sampling site and denuder-filter membrane sampling system in

Beijing
2.2 HHBhEERIR

PMas. SE(03). AEMNPINOH AR (SO)EHE, M [H [E Z 55 i
Iy L (https://www.cneme.cn/)3R AT, HRFE RUAL T AL 5T BRAR A O, I [R) 73 P
N1 NI, MU S8R, SRR (TEMP). HIXHEE RH)ASUE, kE
S5 GRHIR S5 0 (https:/data.cma.cn/dataService/cdcindex/datacode), I [A] 73 #ER
N LN BBAh, EAHELREHE R E T Picarro G2013 3REL, KA milF]
ISR R, RSN 1Hz,

2.3 BHMBRETE
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ISORROPIA #:%(Nenes et al., 1998)/&—ANH T RS BRI - AL
1 ARE 23 TC R AH S 1887 1) 8 0 2 A 8 REASEAUL 22 et O AT R 7 A [ A X i P A 5
RIS, LB /K S EBHRLY) pH {6 . ISORROPIAIL AR 7| 25 1& |
K\ Ca®Fl Mg &1, & I AHERPE. 2B IR forward FAT
reverse B30, DARARSHITFRL . reverse FE KM N & /KB M B TS0
AR, BRI TR BRI pH A EAR RARFE FE T8 7 P47 o forward %
F& T BRI SR G, RSN S 1Y) NH V& Lbia R, AIm#iE 7
TR SO0 UL I 3 AT 7K 5 B T 421 (Song et al., 2018). TAAZS FAERIAE 20%~
O0%o [ K ot H45E FEE S 1B P U (10 R4 pHL 5 WL 6 SR ] DA L et st & o 7 Uk
V) pH BIRF TS, ORI AL T W AR A B e 12 K (Liu et al., 2017). A5
f#Fl ISORROPIA FH 1) forward A5 xR A SRAUBURY) pH EM S KE,
ANHIZHCN Nat. SO4. TNH3(NH; + NHs"). TNO3(HNO;+ NOs3). CI'. Ca*".

K. Mg*. RH #1 TEMP. Hitki¥) pH K H AR

1000H+)

pH = —logy, (m €Y)

2.4 SREUFS I IEXT FHEREL LB STk

N T E BV R LA B A NOs TR BTk, SR 2-11 AREAT
TH & (Tian et al., 2024). G/P KRR HRE, Oxi FRFAMNERE . Rop RRE
=P T B NOs HILL B o Row 2 SV T A AL =P EL il o Rvos TR
H = AR TR B I L, Niow 78 5, HNO3. NOs Al NO» iR 2 . TNow R
REAERERSE T HNO; Al NOs IREEZ . Cop ™ Rap 1E Ryos FHG . Cow R
Rowi 1E Ryos H HLA

o _Noz _ NoOg @
6P " TNy HNO; +NO3

o _TNox _ _ HNO;+NO3 @)
™ Nyt HNO; + NO; + NO,

oo _NOz _ NO3 @
N ™ Nyt HNO; + NO; + NO,

Niotar = HNO3 + NO7 + NO, (5)

TNy, = HNO; + NO3 (6)

Niotas = HNO3; + NO; + NO, (7)

7
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208

In10000Ryo; = In100Ry,; +In100R,p (8)

Ce/p = In100Rgp/1n10000Ryo: )
Coxi = 1 00Rp;/ 1010000 oz (10)
Cop+Coxi =1 (11)

2.5 NH4NOs B tExHEE MEEEHITE

NH4NO; A FPHEARS T A E M AAEZE R, I B AL 5T NHaNOs
AR 1 E (DRH)IY , NH4NOs B NS, KT DRH A [ 2 (Mozurkewich
1993). DRH &S 2(Kp) i FH AR -

723.7
In(DRH) = ——~+1.6954 (12)

24084
In(Kp') = 118.87 — ~—-— ~ 6.025In(T) (13)
Kp? = (P1 — P2(1 — 0.01 * RH) 4+ P3(1 — 0.01  RH)? * (1 — 0.01 * RH)7° % kp* (14)

8763

In(P1) = ~135.94 + —— + 19.12In(T) (15)
9969

In(P2) = ~122.65 + —— + 16.22In(T) (16)

In(P3) = —182.61 + 13875

b TACEIREIERE, AN K RHONHIRHERE, HA % KplRonE
AR NH4NOs (RS AL ppb®s Kp? AVAS T NHaNO;s RIfiF 255 50, s
ppb?.
3 HREWIR
3.1 REFRHIETISRFFLE
3.1.1 KB EFISIFHE

SIS (] 2), ARSLE: PMas IR EEA 33.0422.1 pg/m?, [FHFRR S
PRH Ll S LR PMo s “FEJIREE N 29.117.1 pg/m?, & WK JE 2 HAR bt 34 HL
ARBEFRIAHMER?=0.82, B 3). DIASCIGE N THERT R, %45 RISICT (H
FIE [ ERME) —ARHEQGS pg/m®), @ T bR 2023 FH5ME (32 pg/m®)Fl
2022 “E[AZE 5(20.2 pg/m?)(Li et al., 2023), #2013 SEHME (89.8 pg/m?) &E.#
N F% 63.2%(Yang et al., 2015). H[H] A [A] 94 & (34.5+25.6 pg/m?) ZE0E 5 T H (1]

+ 24.46In(T) 17)

8



209 (31.4+18.2 pg/m?). KIEMEE T(WSIIs) P EE 15.0£10.4 pg/m®, & PMys Jii &
210 WKEER) 45.4%. WK EE(16.5£12.4 pg/m’) & T HIA](13.34+7.5 ug/m?®). IR TEHL
211 4 SO4#\ NOs Fl NHy =PI E 735 5.8+3.5 pg/m?® 4.8+5.4 pg/m® Fl 2.842.6
212 pg/m?. SNA 5 PMys i ikIE 1) 40.6%. HIEl, SO NEE IRIHH sy, H
213 WRE(6.0£4.0 ug/m’) E R E H T NO5(3.2+2.1 pg/m®) 1 NH4*(2.2+1.9 pg/m?). K|
214 NO3 BN B RTINS, W (6.2+6.8 ng/m®)iE H a1 K 93.8%, m=T SO4&

215 (5.843.0 pg/m®) A NH4"(3.243.0 pg/m?). A W5 HAH NO; A i 8 B T H

216 [AJAGAHIE KB (Cai et al., 2020; Li et al., 2020), 5t B R NO; A BN 24 5] #2 AL
I so; [ No; NH; NO; cr Na* [ o [ Mg [ <

60

45 4 PICARRO NH, HRUENH,
30
15

Concentration(ug/m®)
[« \S IV Yo o Nl
g
v
/
] 1
=
)
&<
SN
|
L2

- 120 ”E
45 4 O PM,#F8E O PM,EEHUE [ g9 T
30 . 60 E?n
_ 15 F30 <
§ 04 = - A ﬁ Lo E
B, 751
£ 50+
§ 251
g 0 '
& 630 7/5 7/10 7/15 7/20 7/25 7/30
217
218 2. JUMERIE] PMa s 4R 53 o B FIBERRU M S A4 B IE) 5 5 )
219 Figure 2. Proportions of PM» s Chemical Components and Time Series of Acidic/Alkaline Gases
120
E
ah 90 4
2 3
2 60
§ R?=0.82
o 30- K=0.75
N
R p<0.001
0 T T T T
0 30 60 90 120
T EUEPM, ((ug/m?)
220
221 B 3. H#ESEL PMys BIBH=E
222 Figure 3. Scatter plot of PM> 5 data from diffusion tube and online PM, s data
223 3.1.2 SNA HFERK
224 NH4 Wl 2SS SO& 456 T B NHaHSO4 B4(NH4)2S04, 42 1) NH4 2 Al

225  NOs AR NH4NOs. 4 NHs 5 2 155 SOZBE/RIRE L AT 1 B, SO+ 5 NHs 4
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AL N(NHA)2S04, (A, 2020). WK 4 Fion, HIE] NHst5 2SO42 A0 %
(R*=0.91)%5%, NHs™5 2SO4*+ NO3 AHIME(R*=0.93) /R0 58, BEHH K SNA 1
F AN (NH)2S04. 11 H (B 1 NOs 7] fig 55 HABBH B 7 45 & ik
(Huang et al., 2020); R IEENA AR, NHi 5 2S04 HH R M (R>=0.77) 1855,
NH4"5 2S04*+ NO3 {KINA BB IFH M (R?=0.94). KUK EA 7L/ NHy 5
NOs 45 &£ i NHaNOs, &[] SNA () - ZAFAE 309 NHaNOs o B [H B i B 1
NHiNOs X2 7E [ KB SR AR B NH3 AT HNOs(g).

X E [
0.8 08 1A H 8]
a % b /
—~ / /
£ 0.6 7 0.6 ’
= s 7
g s 7
g 04 7 0.4 /
= s s
as 4 /,
Z 02 ¢ 02 ¢
/ 7
7 £
OO T T T 00 T T T
0.0 02 04 06 08 0.0 0.22 04 0.6 s 0.8
25042{(1111101/1113) 2SO0, +NO;(umol/m”)

4. NHs"5 2S00 2802 +NOs Bl m K e 10 &
Figure 4. Scatter plots and linear fitting of NH4" versus 2SO4* and 2SO4>+NO3~

3.1.3 BRRRUME S S BRIIES B HE

NH; 15 R K ASME— IBRIE S AR, & PMos TEHLAL S B0 A B B 22 5 % (Meng
etal., 2020). WA NH; P2 By 21.8+8.7 pg/m?, B 1A (23.7+8.7ug/m?)
W& =T HA](19.548.3 pg/m?) (B 2). [EIJH PICARRO G2103 il & NH; V-3 &
N 21.9+4.2 pug/m?, AT (22.443.6 pg/m)AREE T HIE(21.4+4.9 pg/m?),
FpORERAE XS L&l 5 R . NHs B8] &0 —RRAIE AT RE 5 A A) 12 50 2 v BE BRI
KA WA AL 72 KA IR B Al N YR B RFSEHRBCR 9% o BEAE, 380 NH; K
FEIKT 51 AR O HRIE LI 25 5 L in 3k 2 R, S5 RO — 3.

L] HNO; “FM By 3.142.1 pg/m®, H IR E (4.5£2.3 pg/m®) &3 &
TIA(1.940.7 pg/m?®), L94H 2.4 F5(& 2). ZIMR VAT H D605 SR8 2
iR R R R 1E, EHE T HNOs FO A i LR R A5 ) S 56 1E
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257

258

259

260

261

PICARRO-NH,(ng/m?)

0 lIO 2I0 3I0 4I0 50
P EUE -NH,(ng/m?)
5. ¥M8UE S PICARRO NH; #E#I = &
Figure 5. Scatter plot of NH3 data from diffusion tube and PICARRO NHj3 data

£ 2. JLTAS N F1 HNOs R E [H SR 43R5+

Table 2. Historical concentration statistics of atmospheric NH3; and HNO3 in Beijing

LI B NH3(pg/m®) HNOs(ug/m®)  REEAE SCHR
2024-07 21.8 3.1 s EN TN
2002-2003 16.60 1.90 e (Wu et al., 2009)
2007-08 1.92 e (lanniello et al., 2011)
2008 2= 16.45 6.26 P HOR Ih s (CBRIHEEE. 2011)
2014-11 233 HE OT 5455, 2017)
2016-05-07 /:’?EPS% 8.71 4.90 if)‘ ﬁﬂz:aj (HHERSS. 2017)
2016-05-07 j54 K 15.60 10.21 g
2017-11~2018-4 6.68 P (Wen et al., 2021)
2017 H#Z 19.60 1.80 MARGA (Ding et al., 2019)
2019-07 25.50 PICARRO (Gu et al., 2022)
2020-05 30.40 PICARRO (Sun et al., 2023)
2021-07 23.70 PICARRO (Gu et al., 2022)

FOURL AR FEE AT AR 3 5 42 1« 23 R SR 1R ASORE 23T DA B AR IR K
A IBIAH I B7 () T8 R 5 M) IR SR R I A2 B(Chen et al., 2019) . K A ISORROPIA
BTSRRI SRA BRI IR B AN B /K & anl&l 6 o, RIS () Uk pH -~ 2418
N 3.2+0.4, HIA R JE (3.1+0.6) L B& 5% T 4 [7] (3.3+0.3) . ALWC V3K FE A
12.2411.8 pg/m?®, WIAIREE(12.7+12.6)% H A (5.9£4.9) 4K 115.3%. #HEL R AL
TR KT 2017 82 F(pH=3.8, ALWC=50 pg/m*)(Ding et al., 2019)#ll
2022 5 F(pH=3.84) 25 F(E K IESE. 2024). A5 FE H HNOs—NOs; FALR%
5 pH f71E “S #1487 XK, 7E pH {H 2 3 4 2 [7] pH #OH A 151 (Shi et al.,
2019). RIUFEARRIMIR HIAF P, FRICBUR YRR FE 7T e fe 2T B
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Figure 6. Characteristics of aerosol pH and ALWC

3.2 THESELAE RSN E &
3.2.1 SRS KRG ITREER S STk

AHIF T LIS Nioa(HNOs+NOs +NO)FE BB Z 57, WA
B E R 0.65 pmol/m?, A% H I 0.49 pmol/m® LT+ T 4 32%(1& 7). {HE
= TNow(HNOs+NOs) #1 JC i i B I 2 5, B K R 5% 8 3k 4 5 N
0.12pmol/m® A1 0.13 pmol/m’. X FWRA, AMIFEARIESUBRIY) NOs B £
SHFREFEE. HIEEARE Rog MR S 2%0(H F 0.25>7 (7] 0.19), FZE
#t H 7] OHe 1) Ry AL BE 705 1y ) BLIH ZE (Yang et al., 2020). 1T R AL UEE Ro/p
A IR1 B S 3 i, A TRV 0.42 BT 2 AA 1) 0.61. Rop IIGINAMAE — E R |
DRAN T RR) SRR RIS, TE A 75 B ) B R 6 IR % (L 803 Ry o A TETY 0.11
PRI ZIEE 0.14. SEALTTRRAIL, SRFEAGTE NOs T R R Hh 1 (R AE % 5T ik

T T AR (B 7). HIF, P BIAH BTRR 22 864 K(Cop=0.53;s Coxi=0.47).
MTER ], Z#T Rer WARFHS Row R FE, R TTRIG IN(Co/p=0.59),
AL AR B TR AR X P2 0.41.

2k BRIk, B Al n XCRURLA) TS R R A A, ORI AR o5 4 R R A
AEHES) NOsTE R GBI R 145 ALK, 7EV5 iR B b RIS SR A AL
P ER, JCHAER A
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3.2.2 HiElsdEMS AL EE

NIRFTAMN TR TR AW E R, X NOs v NHe' &8 &1
(Na*+Ca?>*+Mg>+K*). O3. NO,. NH3. ALWC. pH. RH Al TEMP #t47THH5< M
IHTER 3)e FAFETTTH: Row Ml TNow 5 O3 2B 2 5.3 IEFR(p<0.05), &
W Oz WREETH A B TR A . FTREDR N H ) O3 YCHE AT {2t OH 1)
A, HETEEE HNOs A2 1 NO2 5 TNoW(HNO3z + NOs M R 55 . X Ui B
SR HIA] OH % NO2 72 HNOs A2 R F23E 4%, (HAESLFR R SIAELH OHA
WHERR T4 2 ) T SE 48 FE, PR T X NO: WIEA . 40 OH7 5 NO
PAR IR M. W 2RSS VOCs SN (Whalley et al., 2021), #43HI99 TNox 5 NO»
Z IR AR D o

SRLEAL: Rop5 RH A ALWC EIUMR T2 IEAH K (p<<0.001), 5 TEMP £
BN &2 SO SR (p=<<0.001) (3R 3). A VIR ANTIRIE NS, 2t 5
NH4NO; i AT DRH A#E S H 4 Kp. 45 R ER(E 8a), HIAML 15%FEA
] RH>DRH. WA ZEIEN T, A EEA 2 DU NHaNOs KAE#IfR, 32
DL A5 T8 2AZAE T ORI b o R #4000 2 SR B — 2D VP il NHANO3 1R AH %
LM (Stelson et al., 1982): 4" <Al NH3 55 HNOs 43 K- FA (Pyy, * Puno,) KT
FRBS B Kp I, [N ORI AR (HNOs+ NHize> NH4NO3), F AT NH4NO; )
e RZ, Pyy, * Puno,/Kp<1 BF NH4NO3 FELEMRE SR,  LUAR BRI it 25 4
R 5. E 8b T UL, £ 95%MBEAHIZ LU /N T 1, “FIME N 0.36. UiHHTE
HIRZAF T, NHaNO; #iltib T # AT IR, BA W BRI R . 12453
55 3.1.2 35+ H 8] NHaNOs & 2B ARAH ENIE
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FURL ) ISR £57E H 8] (B FEIR AR B T BRI £ S AR RS4L, B H iR £ 31
e O , Ja3 FE AR E A5 (Andersen et al., 2023; Yeet
al.,2017). & 8c &z 1 H I8 NOs S48 S L Z A B 5¢ & o BUs A S 30 H W O
(K153 RRFAE, BRI A0 AR — 00 B8 (S0 T HO)XS R & 1) NOs R EE, )
— B B (250 T B A ATTE NOs IR FEBUR X 380 23 7% P2 U R AT T 2R 1440
&, BRI TR U S ME(R?=0.77, R>=0.74), {BAFLE SRR ZESR . X
BH 1 TE] NO3 (1 fif 25 #8548 566 0%, H VR B NOs 5 i ) T-38 i e g % U B (Jin
etal., 2022).

BRSBTS FO RSN, B Tt R A6 AR - Rop 5 NHy
MG 1 A SVERSS, {H NOs 5 A7 2 3 IEAH 5 (p=<<0.01) (R 3). &,
f NH3 4h, @& 725 7 HNO; IR AU N, 5 3.1.2 W4 RMRT & . 54h,
Rop 1 NO3 5 NH3 M4 22, B0 NH; 75 AT FE KT 506 T R kA0 5%
TS o BT AR I 2 NH: HEFCRIRBE I I (50%) , AR SR i 2= W
& N (Liu et al., 2019).

a b n
35 . n 10
—_ .' [ ] ; y=-0.02x+12.54 R*=0.77
— 75 Q ] g
X < 30 .=- g
S a n )
= . EE
= nderny Z 254 I'n s
2 504 = A Z 41
20 24
y=-0.005x+3.90 R?=0.74
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Figure 8. Daytime scatter plots showing (a) Relative Humidity (RH) versus. Deliquescence
Relative Humidity (DRH), (b) Pyp, * Pyno,/Kp versus Temperature (TEMP), (¢) NOs™ versus
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® 3. AUMENSNENSSKREZNEEIE RS
Table 3. Correlation analysis of oxidation efficiency and gas-particle conversion with
meteorological parameters and pollutants

H i8] &8
Pearson $H x4 p & Pearson #6314 p &

Roxi (o} 0.4786* 0.0328 0.0581 0.7924
NO; -0.4514%* 0.0457 -0.3874 0.0678
TNoxi (o} 0.6683** 0.0013 -0.0093 0.9665
NO, 0.2266 0.3367 -0.1589 0.4690
Rop RH 0.8260%** 0.0000 0.5569%* 0.0057
TEMP -0.7602%* 0.0001 -0.4475% 0.0322
ERET 0.4330 0.0825 -0.0790 0.7202
NH,* 0.4024 0.1093 0.6684%** 0.0005
NH; -0.1929 0.4151 -0.3358 0.1172
ALWC 0.6977%** 0.0009 0.75523%%* 0.0000
pH 0.3357 0.1599 0.5199* 0.0110
NOs ERET 0.7106%* 0.0014 -0.1279 0.5607
NH,* 0.6024%** 0.0135 0.9502%** 0.0000
NH; 0.0351 0.8866 -0.1880 0.3903

F 1 FANEREERI. *p<0.05 **p<0.01 ***p<0.001

323 mEEAEREMSRECEZmER

LA Roxi A1 TNoxi 5 03 NO2 ¥J RHLIFMRNECR 3). IR O3 F1 NO2 52 NOs3»
5 NoOs I EERTAAYD, H KRS S (N20s+HL0) B S A B (NOs++CH), 5832 3F
158 2% A A5 4 S PRI 4% (Liu et al., 2020; Yan et al., 2019). F, Row 1 TNo
5 03v NOp HAEMT R MER I . 75 2RI UL /Z, TNow M BRIR E N A4
N2Os, {HEH T NoOs 75 5 i /K e e S sl 8 8, Gk P8 7K ST 8 A1
(Wangetal.,2017). I, ZESERRULMIHT, TNow AT RAE AR . 2017 4F
e B MM, R A HL T N2Os ~F393K BEEAUA 79.2 pptv(Zhou et al., 2018), i#—
A EIE T HAE TNow BT 5 LU B PR

18] Rep 1155 RH A ALWC CRHFE G I AH G (p=<<0.01), 1H5 TEMP AHK
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PATY AL T i B A ) X B], {ELAHASE H 6] NH4NOs B MF25E . Rop 1 NOs5 NH; A/
R HGHI, (H NOs™ 5 &8 B8 7 I AH M B 0855, 5 NH A K58 (p<<0.01).
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Figure 9. Nocturnal relationships: (a) Relative Humidity (RH) vs. Deliquescence Relative
Humidity (DRH); (b) Pyp, * Pyno,/Kp vs. Temperature (TEMP)

3.3 FHERELXT AU YIH AR

FIH ISORROPIA' # )£ 8Y, AR i#%E TNHs. TNOs. SO4 P A 2 J& B
F (Na*s K Mg #l Ca?*) (P L], FARZH 70 AR S 05K S8 .
TEREAN B B, i B TR — /B EAT AR 3, DU 8 42 ] 91 /] 25 84K
B RO R B RS A +ES Ay, AR NOs I B A1 B o

MEL 10 BT, H A NOs 7 TNHs FI 4 i 551148 4 2 3 HH AN [R] R FE P e 7
B A2 ] L B3R T, NOs IR BEZ M AR . 1231 L1k 31 90%HT, NOs—73 71 T Fe
7 1.5 pg/m*(TNH3) A 0.6 pg/m*(& )& & 7). MERIE, &8 8 TR EAHEG R
NOs Ak, iX—4 R 3.2.3 TR 450 A — 3. H5FEIF, NOs X} TNH;
AL TE INBUR, TR A HI Ll 50%)5 FREIER B35 . EHILLEA 90%
I5f, NOs™ FPERIE 5.1 pg/m3. Bh4b, SO MRk 76 H 7 (8352 512 NOs i) 7t
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Figure 10. Responses of total particulate matter, NO3~, and NH4* to Precursor Emission
Reductions Based on ISORROPIA-II Model

4 BHEERE

AHIE T IR T AL ZR X PMa s SRR BRI AR 1 B R, R AR 1) NOs
WP 2w T H IR], 1 HNOs WITE H 18]35 38 ff v o 885 A A B A AR AR 1 T
BARN, EEWA T MR AR X NOs Al ol 2 7. it —
AR T XA AR BRI 32 LR PR 36 22 S LA B NOs ™ 1 447 H sk e v oz
W25, PfRasiwin .

(1) “URLHE Al I R0 A R 6 A B ) DT ik i TGOS AR, HLE 3 T B0k NOs™
MIER ZSR . HIAEWMERZ OH T, NOo M= A iU 55 AR
AL SZ IR RN ALWC $

(2) HIESREM T, NHINOs 715 B 52 1R 2511 7 , J0RE4) NOs 3 LA 21,
GJEE TN NOs A R B HEAE M &, RS4RI REN RS 05 Al
NO, HICPER S, SZrpad R AR b R 228 . ALWC 1 pH %0
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