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KSEUENENHTHE

FEREB Y XFH! HER! EEE?

1 ERREEBE R SE A, AL 100029
2 EFRERRY:, JERT 100049

WE: KAUFEULRES (AOC) 8H R s KA i S A B2 25 B oK P il AR
IrHE RS FERRZE AL R K, AOC 32 ER M 15 S AR BI5 x
Re TEALEE 7T, TRRRRKAEAMNE. AOC R HWER A B H L LR Ty, H—
LR 250 e AR VR AN A FL AR FR ) A o AN SO I R A [ 5K
WA R« XA RE ) 5 2 U E B 5 B0 AR SO R B ST,
RAWFIERBRNT, X AOC I JE T RIIATE, HAELENRE TG 7
RUMEHEE . A SCK Bl KRR IR X — R A, X I L3t e i
AT HIR . SRR NINET AOC W EEA b, 070 RS2 R 3 ) 5
Mz TR IR F W R, W 7 RREARE SR IR EL (AOLe) AVE 454K
(AOIp) , il =& I3 — e ARSI T, KIL T ARSI AT
AOC I TTIRA R B FEHE PMas i G INE, ik EZFib &4 ZE, AOle /R
ZEEIm, (BAEAZE AOIp M I 1 AH S G 5%, RIULH AOIp AL 2 TG okt
URZIEE K. AOC HMI& W7t B % 1T K< OH H 2K Ai# % 70 T HONO “ R A
U7 WAL, KB T B S HONO H H SR AR, B | MCM Bl &2
AOC iRAk ¥ 2 2 K] - AOTp FH - Tl 8 ol K< SR 48 il #4% )=, L AOIp_Os
5 JNO) HHEMK, 4B INO)IIFIIEN 4.39x103 s, R X 322045 £E 7Y
N SN B RN B S . 5 At A 5 I B A R R EOn B, AOTe &5 AOIp
Hata ol RdEmtt . Eavemse e, Ikt & ERTs Gud 72 AOC 1AL,
IR AT TN 3 T 8 DX A B 5 G A A AT e A R AR AR R
FKEEAE: KAREREIRMFEEL (AOLe) ; KAFAREIIEAFEE (AOIp) ;
4 HONO; Jtfbim s

Quantitative study of atmospheric oxidation capacity
Yuesi Wang '2*, Zirui Liu', Bo Hu!, Runyu Wang !2

! Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029,
KFSHER: 2023-05-31; MIZETRH AR HEA
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2 University of Chinese Academy of Sciences, Beijing, 100049, China

Abstract: Atmospheric oxidation capacity (AOC) is usually defined as the sum of the
rates at which the atmosphere removes trace gaseous constituents from the
atmosphere through oxidative processes. In the troposphere and near-surface
atmosphere, AOC is mainly characterized as the removal or purification of pollutant
gases, also known as atmospheric oxidizability. AOC is the essential driving force of
tropospheric chemistry, but its quantitative representation remains limited.
Undertaking research on "Quantitative Relationship between Regional Atmospheric
Oxidizing Capacity and Air Quality and the Principles of Regulation" supported by
the National Key R&D Program of China and other projects, the authors of this paper
have carried out a series of researches on AOC from the basic theories of atmospheric
chemistry and made breakthroughs in the quantitative expression of AOC. In this
paper, we will give a brief description of these advances focus on the "quantitative
study of atmospheric oxidation capacity". Firstly, on the basis of in-depth knowledge
of AOC, we constructed the evaluation index of AOC (AOlIe) and the potential index
of AOC (AOIp) from the thermodynamic and kinetic fundamentals of atmospheric
chemistry, respectively, and found that the contribution of heterogeneous chemical
processes to the AOC should not be neglected through the study of the daily variation
of the normalized AOle and AOIp. With the increase of PMz s pollution, AOle also
increased in both summer and winter campaigns, but the opposite scenario was
observed for AOIp in winter, showing that the variation of AOIp was more influenced
by meteorological conditions. The AOC closure research idea was used to explore the
"unknown source" of HONO, the reservoir molecule of atmospheric OH radicals, and
found an important heterogeneous source of atmospheric HONO in Beijing, which
would explains the underestimation of winter AOC by the MCM mechanism. The
AOIp was used to predict the potential pattern of atmospheric ozone pollution in
China, and found that the annual mean J(NO>) value of AOIp_ Os is directly correlated

with J(NO3). O3 is directly correlated with J(NO2), and the annual average value of
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J(NOy) is 4.39 X 10-3 s in the whole country, with the high value areas mainly
distributed in Sichuan, Guizhou, Chongqing and Hunan. The combined AOIle and
AOIp indices are more accurate, generalizable and useful when compared with other
chemical reaction oxidizability indices, and could evaluate the variations in the AOC
during the pollution process, and predict the likelihood of the occurrence of urban or
regional heavy pollution, as well as its variations and patterns.

Keywords: Evaluation index of AOC (AOlIe); Potential index of AOC (AOlIp);
Budget; HONO; Photochemical radiation

“EWMEE: wys@mail.iap.ac.cn

1 #iS

KRAR—ANERMYESUMEZRR, BR-HFBNDNERS, SHEF. F
b AE 725 P 2 TR B DA ELAE o % B2 1) DR R P e UM, AR 2
BV NGRS INA 21 DN R3S PN =R A VAR 9. VS PN

AR . RSB AEEST (Atmospheric Oxidation Capacity -AOC) K145
G5 78 S K I R T AR 25 B I R R R AR B B R SR (Prin,
2003) o FEX AR R, RAEMGRE ) 2 B 15 G AR T
AE /181 BE 71 (Cheng et al., 2007; MR ¥ ERRXEAE, 2009) , TRFR RS EMME.
HER K STE BT 2 — AR R &, RS KA R, R o
SERROORE Y ey IR (NN R NS

¥4 2 (OH, hydroxyl radical) F FH & /2 R H il BR B AR, R HAE RS
R B AR, (AR EENE, G5 Kb 4R 2 HUREH Y KENF R
% (Seinfeld and Pandis, 2016)  Z 53Xt /2 K F R 1) 32 E4EULIFROH H
H3EAh, 84 4 H 3£ (HOLMRO,, hydroperoxyl and organic peroxyl radicals)-
fifi 2k H HEE(NO3, nitrate radical) Ml <3 H HH5E55 (Thornton et al., 2010) . £ HH
FBIRILAAIO;» HONO. HCHO. Hy0:. N2Os. HNO;FIPANZE: /TR K AE 4
WA, BEFRZ g E R “RERE T o ERJGHRIENL N, M2 T T i IR
FEAEOH, F H L SOBEE N s 7 [RINOs [ RS AE AR SR S 5 oy E
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i3 TR (O3+ Ha02. N2OsHTHNOsZE) 2215 kA A AR AR X AR L 2 8
IR EER GBS, 2009) o LS TE KR ANBURLA Hh ¥ 231 B U4 7%
KA G T BRI bR AE AT /NEE, X RARII AR e Rl L s
P NSO AR B BT, (H VAR FE AR I NAOCH) —#47
ARSOHG R IX — [ AT H AR

RAAARE J750 R BRI AR 485 G J oA SR E R mT B 2 7
FPRG, — AR, SAME NI BORE G &0 T2,
R 48 I I SR B X 1 R 58 A i e KRR GRS BRI, TR R AOC #A
I EA R . B FA L WSCIRIOE, TG EKMA 28 42 mi A 2 A
1) (NOx, nitrogen oxides) FIHE KA MY (VOCs, volatile organic compounds)
B RE77 % (Kelly and Gunst, 1990) , {HEFRiEY) JLHZ VOCs) [
AL G R AR SR A ERZE R (Wang et al., 2021) , 31X —J7K1R
AT i S, B TG 4R s R K AR e 05— CRURL ) AN ST G BRI HE
EEAEH] . EFr L5 AOC BN 7T K 2 725 AN/ H AR VOCs Jait
PR O3 Al IR HUVRIEIRE (SOA, secondary organic aerosol) FRALH . % A
SRS ST, T B R B R R F AE s A BUE R, B ER
BN OH. ClI Al O3 58475 % Fh VOCs A EAE I 30 /12 Fk st i, N
R FE M Z Bk /7 % (Surratt et al., 2010; Carlton et al., 2010; Zhang et al., 2015;
Wang etal., 2020) . WP EIH =FOREES: (1D BHAE—BHE AR
IS AR T S RS A R AR s (2) B — VOCs YIFhifF 5t
2P, LERRR VOCs EEisifeAe:  (3) HEMARE VOCs 18 N YR
AU VOCs B i A8 o  DLBAIRAF B8 N30 B S R AU L T & Fh U ad 72 1910
(Laskin et al., 2015) .

e R AOC IR 9 3= B A FE D6 Ak 25 B die L (MR E4)-050 201
LLT0AFEAR, b5 K52 322 98 1 e R IR ] 22 0 7 [T 1 [X O35 %4 ™ 5, B 28044,
T2 X O30 IR 42 B 400pug/m3 (Tang et al., 1989) . 90EATFAE, JbniAH4k
HILE R IZ OGS, 19974 B 7, RAUEE 15— ik $240pg/m® (Zhang et al.,
1998) , M SCHRIC B ™ B — IR R A5 R K AEAE2005F B AL B-F, /Ny
{EH =1ik615ug/m® (Wang et al., 2006) o 37075 45| &y f5, FRE T HhE
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O315 JLBft FOAHLRAE Z b JE I, (0 E R 5 Qe N AL, K=/, 2=
FAN A 5 AT REIX B (Xue et al., 2021) , AFF 7T 7 ¥4 5 R AN WL A %L
A EE A, W70 X I B4 p e i Hh ] 5 A B 3R B KA, AR
R AR IAEOT5 YA FT A S AR ER M B R R (2R K4S, 2010; Ran et al.,
2012; Zheng et al., 2010) o fKER 173k = 5L AL AR S AL T 19 58 R A 8IS —
YCRURL) A= S 2R R SRV RIE 5, HLR DR AR 3 T 45 ) D XA 22 e S e 45 7 T
Rt sy = .

H AT, AR Z 078 LOHWK R &R A, JRAE Bl FE 00 5E HoR J7 TH Y
5L E IR (Ren et al,, 2001; Shao et al., 2004) , EAEALFO GEMUILET
O3tNO2) ¥ T W R EARE I AR L . FEHENNSE (2008) i HI3E [T
GEWNAE RS BROHE — J A5 e BT A B B R AE R EUE, IRl T3k =
RS EACBE I BUE AT 7T Hofzumahaus et al. (2009) [IRFFT AL, TR Ek
=M RAOHAAE 5AEGOU T BERA F AR R AN, TR TR &S
PRI PRI 2, AH R ARl SOG4 2% AR O BB I, T LK 240 JURE 420 1) 52 ) i
AN KR SCRRANIE , B A 2O B I B 58 ¥ i R O 34 P A
SERE RS T SGIE, X RAEARE 1B IS A R BRI B, AT BE R id il A A
JEEARAS UL Hh R 43 TR A ol 2R R 7 e ) B SR PR o K ARONO HE TR K
R 7802 (S-IV) [MffRE: (S-VD W4k, ANO2 (N-IV) RAFE T
HHTHNOs (N-V) FIERIHNOs (N-V) ZEJR A 78 4 S-IV IS, 7R Rk
FRAEIE ST AR S B AL 7 2 B S T (EBR B4, 20145 He etal., 2014; Wang et
al., 2016) . Gaoetal. (2016) X —FATFEHILHSO, (S-IV) -S04+ (S-VD)
SRS MBI BUE B T b, A RRIER S 007 5 & 71565, JEEMME R &
JEW) G s TEF HEI FUARE SE T i B 3842056 82 1R 1% 26 P DT Ak 7R3 63% (Chow et
al., 2016) o BT E ST BIAE B BAh K R, BRIERIR T Gyl s A,
R AN A Y 5 G (R I VR A TR, A ELIRDR AR 1 R B2 AR Stk
W RN o B8 SR R S SR LA aE, B I K kA 2 R A LA
BRI, —ERBONEGFINER R . FE R AR R A S
B AR S FLT Tt R 7 1) S5 3 DX T oo [ R B X, 5 B R At 7L

KIALLK, [ 4ME2E K 240 78 B B AE R SRR B AR TR VOCs [17E
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BRAEF, gk B ok 58 AR E ST SO2. NOL Al NH3 S5 A5 Yo SR 1A
WEBRHLENR R, 5 AR VOCs FIEAGHLERIE FUB IR, 6 <R b Rg
TR SRR EXREEV R, W RKARERE = Bk e B RIE T
2o M DR H I I KRR RE 73R R SR A5 BB AR HE . ik, AR
VR I AR SRAE [ AN 7 2 TURHF I H BB T, JF/E & %1 AOC 52 i = 1)
SERRAWT, IHE AOC BALWI AT HHS 7 RO . FERIAE: oL
T AOC WHATTIEME R, BT AOC MK, ME—BEERIERIRER; T
T RAAMAMC PR, IR P SIN TR, St T B s =Oxt
AOC HYRELRE /75 S T RAVEA AT o i L AS # A0 oy i A2 o 72 )2 T
JiiE, s R R RS I EAGRES Jed, R BT I b TR PR B 2 U =
AR . 25K Y, AOC 5 Ki5RAAEMM RN R, T AOC i
KRR O3 A PMos A5 Y BA AT AT o ASSCEE A AR KRR RE D R LA
# (AOle, the evaluation index of AOC) F17# #F5%L (AOIp, the potential index of
AOC) WIESHIEAEG RS, Rl =B — s Bua e, i “ LR
MR AN FEEGETE : AOL Bl 5 YeFE FEAS A AR Ak S FLB 25930 A s AOC £
KA OH H H5: 5 H B A% 4F 7 HONO ISR &R BB ] (NO2) 5 AOIp
RINAER R, EH AOIp TN FE KR ATG Gl kR, 5 HAl AL 5 S R &AL
TREON L, PRI AR . G AN S

2 RREAEE /T PRI &AL TR SR 5L

AR WO BN J3 2 A AT AN T TR T AOC I, AL T
EERIEX, R T AGRIEH I, R 7R MEEE (Liu et al., 2021b; Yang
etal., 2021) .
2.1 EMARSEMIRH (AOIe) HIEIL

W I R AR Jo i B B SR R 0 45 TR BORT s 7 15 TR
o PR S S B A R A A S SR, FE R A A E Te R A A N AR AL
AFURE TR 73K RETH AL, KA a8 H WL R A
PTG G SO2v NOL CO S R IS EIA NI 13 T E WL R FR A
R, KA WA TS 08 05, EACA KA B K E A A
V5 HY), H A OH. HO, Al NOs S5 i M f i M AL R],  BARIRFEAIR, (RIS
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Vet AR . TEINA RS A PR SR b, 1R AL 27 R B R ) 2 R 3
R, RS — I HE SO 38 SR R A ) SR A — s Qe A i R AR e T
e BE R EE, FH DUE ERAE KR J), MM BER 3 T — AN KA RE
TENFIER . BE X BRURTENIEE, 45 H“40le”. “A0le” XA TaHL
8 R IXA KT ANIREL (40D WIEIE 5% (experiment) 3K7F, HAT—
TEMAKTE (empirical) o« HUFEAXE H, R OG0 — UHERINTS Je Al b
AR R RS R AR A R (R L BE RO, IS e s R A AT S
LRI AT R, WA SO RNIRIE . b g fmi@iE . HRIEXMSTE A
YRR
AOle=fei(sav-svp+ fernnm iy + fe302-03) + fearoc-ovocson +E. ... (D

AO0le fREZ H5RREMN-EIR N CEFESIFAEES D B (L Rhes &
HLF BE R A A, BT T 3 D “umol/m® . forgsov s AREFERSH I B &9 (E
AR A WRERECRER ) HUANNEEY (F R MR R
HD IR AR S T B R (O R, T RED s oo vr-ny AR A A (NOD.
=& (HONO BEAHIREL) « FIPUMZE (NO2) AN TR (EERZ N2Os,
HNOs FIHER ) BOR 2 (AR B A 2R F0 T I BE IR & s fes02-09 R IR
OB ITATAT AR A g 5L (O3 ) I 2 P 45 5 FL 1) S BE SR 5+ feavoc--ovoc,sow
3 VOCs 7E R A S SR R IEG ALY (OVOCs) BUERALIE — IRk
PFURIEIE (SOA) 135 HLF MR /RBCY &, AN M 1 BE/RE (0 i
NASHR 2 BEREL . W1, HBE (CHa) SAALBON HE(HCHO) VA 2 BE/R Bl %%
B SRR KA HAUREMFS 5K FE RN R BT IR E. EESE.
PR R B KA WS .

Xt SOA AU R4S R LT IRAE, BUE — IRHFBUNH#E R A W A&
ANEY, TENTY) SOA & AR 2 D HIRF I EM R, Kk SOA 4%
R R E R B A

Jearvoc.ovocson) = [SOA(O/C) J/[8(1+0/C]............ (2)

Hp, O/C Jfi &t ARSI AT B IE] R 1A B3 W35 15, 11 SOA F4H %
J B r] l HR-TOF-MS WA il75 3 i a MY i 1 (5 545 & PMF fENT L.



205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

AOle IX—45 I F mie . ROGUEESE R s AL o 383 Sl (175 Rk EE3F
or AR SR S NP S B R TSR S N R AR BT R R R . SRS
HERRIZ =, RERG I N LS SE . 7 7 HRUEAR 2O 82, Bl HI 100 . (ETH 50
FE /RIS R 0 2K B 5 T AFAE S A, JUH XA AL (K AL = 4
ST AT I 8] o 13X SR e i S 25 Ve (140 70 AR I K
2.2 RREMEHER(AO0Ip)HIEIL

52 B EH N AbsE BT AL AR R A (REHEITAE, 2008; AR a7#4E, 2009),
VeS8 DALSE N B ) 2 3 AR SR B A, 38 B RIS G R e — b I b
A LR FINAR AL R TR, LT 51— AOC Pt R, HIE A
KREEWEHREE (40Ip) - Kk y:

- gfeaine

Horbr AOIp AL TS G Al AE R il o v — S SR 25 B 3
A, AT % “ppb/h” B “moleculer cm s> T8 C FoRH j Ak JE LTS
Je) (802« NO. CO. CH4 Al NMHCs %5 5 Xi Fon2E i Mé L (OH. HO».
NO; F1 0355 ) 5 ki RonER j s Jet) 558 1 Bl A7) s 0L e e — Ak 2 SR N3k
FHH. BT, KZHEEEEE R MCM b2l P R . cRaRk
58 PR SR A T G T FE SR e B, Rl TR OHL e v 1k
(Kow) 5SEIN) OH SR NS TEI ZEERFAL. BT WIMEARKE, SEA
SRR FEANE,  H AT AOIp THEL TR R ZHU A AR, 5T id I &bz Wi sk
BG3RE (Yang et al., 2021) o Ju3i& OH. HO2 £l NOs H HZEWRE MM EA,
[E 2% B A EUs 7 RS (Lu et al, 2019; Yan et al., 2021) .

AOIp X —Fa A s U THE A k(B K 2 BB ol MOSCHRIRIN, I8 J5 1
SN ZE) AT IR B . E H AR H R IR AR, HRTE
A IR BT R . Ik, AOIp tHEMEEA K, B2 5 5HE U,
B N HRRREL, A0Ip tHHEM R R —FgA, —Fimraet:, HA—
TEHSERAE, X — 5 AOle BIAANIFE, X2 =387 LUEHT & 7T, F4R<%
RRKA AL FR R A
2.3 KA IESEE A0Ie F1 AOIp KIAE W R 5
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RANEH MK RENR LR (40le) FRTEAIIES (40Ip) B
07 1) LA F — AR ARE-AOC, B M T 8 1 2 5 SRR R IR A
A 1) RS S S IR B LA o (B AN FR A AR, S T O 1 L AT
7C, VEHFIH S B ARE R E 2 LT 7 B RN — A B . LU 5T AOC
HAE A, BARfE R 5 MK 40le 5L AOIp HI/NRME (B AT DU 4
PREEIMED , RS TH R EA N BME S Y H R KE (S EECFSMED
AR — B, 85 N“N_AOle"F1“N_AOIp”. HWIF PP S W — A5
Pt f2 AOC BRI, TSI BBk, ek m Al (SR D
BATIH— AL .
2.4 KAEARE T4 B0 S Br 5

AT WX — KA LR A, A5 B [ SR s R R IX K A A
D15 AR E 8K R LA, T 2017-2020 4, R EREERER
ASADERTE FE TR 43 S sl ARV b A R S TR T A 4 A (A S5
2.4.1 bR EREE ULk AT Jb A DI s AOle it H AR 4k

MRAEAI D FIRAI (2D LA 5438 Wb R A6 B Tl WL s 7 413 W
DO , of AT ) AOLe AT T V155 o A SCHTAE FH 1 B 28 W00 S (1] B A9 2018
FoH1HZETHISH, ZFMWNMAR RN 2018 4F 12 A 1 HE 2019 4E 1
15 H, Hrpib SRR SR a s R —F R ZEE, SRk
FH sy GRERER . SRR ELA A HLAIR (SOA) ) BLEFTRAAMIRE (O:C
b)Y o o, SOA Sk A I AT B IR) 0T B AU 25 6 1F 38 B DR 1 B2 B A T 45
H, O:C Kk H A I CATI A1 L1 4 dfs
1 AL R R 2R A ZE AOIe T 2S00 £ s S vt
Table 1 Summary of the average pollutant concentrations used for calculating the
AOle values for the summer and winter campaigns at the urban site of Beijing and the

suburabn site of Xianghe.

ZH Jb IR L ik B LI 35
e &% e &%
SOA (pg m?) 4.842.5 5.145.6 7.9+4.6 11.3£10.2

NO; (ug m?) 2.9+5.4 6.2+11.2 7.6+6.6 5.746.8



S04 (ng m) 4.8+3.3 3.1£6.4 6.0£3.5 4.2+6.1

o:C 0.50+0.04 0.51+0.16 0.50+0.04 0.51+0.16
Os (ppb) 48.9+31.6 9.2+18.2 54.1+£35.7 12.4+10.9
NO (ppb) 3.8+4.8 22.531.0 2.745.0 68.1485.5
NO:2 (ppb) 18.9+£9.8 19.1£11.2 15.2+7.8 29.1+£17.0
258
259
260 B 1o W S G 3k T Rk A& = R R L R R AR L A TR B g o H AR AR AR
261 K,
slo P _ul® G [ wl® T
E "§ o M
= o8] 4 B B2 E 5]
° g 5
o : Ak E_ 5.0
§_ O 4o E 45|
e """’V\/\/\/\N‘/\ N\ 2 4]
g 'E vo % 3.5
§ 2 g
036 9 12 15 15 21 28 i é‘ 12 15 18 21 24 AT s 12 15 B 21 2
ﬁ( gé- " Time(h) e Time(h) & Time(h)
HE @ P a ® G . 454 @ T
[ E 3
E 1.54 % 25 g 4.04
3 5 g
Py \ s = 35
'12'.' 1.04 Oo 2.0 / 2 3.0
2 . 3 g -
° 2 T 25 oo
g 0.5 - 2 15 - 'E 2.0
: | & : 2
6 1.5
<
R R T e T R R R AP A e M R s e s e e M
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262

263 B 1 AbRUR iR MNEE TR UMW AN HRARE . B PR A RRE
264 B IRIGRINIRE AT B H ) AOle, R AOle P; “G {3 KI5 Y
265 WARAITHE H AOle, 65 % AOle_G; “T"HFE R EMAET) L&, 5 i TAO!e.
266  Fig.l Diurnal variation of the evaluation index of AOC during the summer and winter
267  campaigns at an urban site of Beijing. The "P" in the figure represents the AOle
268  calculated from the particle-phase oxidation products, abbreviated as AOle P. "G"
269  represents the AOle calculated from the gas-phase oxidation products, abbreviated as
270  AOle G; "T" represents the total atmospheric oxidation capacity, abbreviated as

271 TAOlIe.
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B 1 AT, AERRIX AOC HH 0 43 4Lk, e SR B AR A0 -3 5 s 8 A
R T G B R R B TE B A0le G it HARAL CULINI T A H 28 ki
FERFED e BR8] 1-Q. &) , #ERZRIE BRSO AL iR
B H AT E ORI ZE 8 RO A A AR A -3 5 B AR B RS B B
H RS E AR 40le_P Siit HARATE U ARUER (B 1-0O. @), {HAH]
I e e T F R o AR Y ARSI R A 2 AR AR A R AR AEARTE], T R

SRR AR ML 2R R 5. A AOC HAML BRI R Td0le (] 1-B). ©)
G, AEEIRTT R A0l Sk HAR Y AR U £ 42, (HAEARLL
FOI AR A, JCH R AR ATE . B R S o B A IR SR B RS AR
SRR A3 7, TR TRV v PR R R PR 3 o ) v 1) I T 15 7K 2 o S8l
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Fig.2 Diurnal variation of the evaluation index of AOC during the summer and winter
campaigns at a suburban site in Xianghe, Hebei, China. The "P" in the figure
represents the AOle calculated from the particle-phase oxidation products,
abbreviated as AOle P. "G" represents the AOIle calculated from the gas-phase
oxidation products, abbreviated as AOle G; "T" represents the total atmospheric

oxidation capacity, abbreviated as TAOle.

B 2 ST AL R A ZE AR H 2 KA R AR BB RFAE o R A0 T 20
AR ARAL, RHRBFERE R LT ZET L, (HKATRI B A R A
FEXT TAOIe W TTHR H A9 B8 K o AH TG 148 2 i) 20 DX B i3k X, 5 K A 2B 45 AN [
FHZE AOle P WAL T IIAE TR 8:00-10:00, FFA 76 4 5400 F my Wit [a] Bt &
ST, X — B, BURLA SRR L o5 Lo A A B, R L K
H5 TR RS A AR AR BRI AEAR — B DG T IR RT3l T 2S5 e i IR PO 5 485
N, RERAHII AR, &S S TEYH RN EKS, EE
B AT R, BRI KA RBAASE, TERE RS E (Guetal,2022) o B
e S D) E G S8 0 7O S B R I R R, 51K T R A B TR
(NHsNO3) (WA BRI AR SN IR e /A S I AR (B i T e85, 5t
AOIe #A3 DTk, (HEZ A 1 DY NAV)-NO2 [[ T4 2 N(V)-HNO; 8 46-id Ji7
PP A3 s RS YIE N, BB EHINZ, AOle HF M. B
TR T ALK SR BRI, R T AR A R T, — 5 T3
T ORI 2, 53— T T SR R ARG TR i, R BRI T A
PRE (RS SCRRRTD  3EECT BL PMas MU SRR MK A5 et .
Ik, @i PR HB R IR R T A5 %, R R T KA AR N 3 B
FURLAS S 3 im, kbR X AOC BA MHEM PRI, e R BRI SR
NEE S M2

RWFFEE, KSHH O (O:+NO2 BRI ZALHTINIX A0Te K
TUEkE, EZEX TAOIe fimfE (14:00) [TTRRA 93%, %25 84%. #rh)ifii,
ORI ASAE AL RN TAOe BITTHR, E RN 1%, MAZETE 16%. 1EUERIR
SEARE R T A, AESIR R S I FRAE A A, AT E B AR OB Ik
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2.4.2 bR UL st AT A6 AR WG AOIp vt H AR

MR A (3D BLS AR BRI I i A7) b 75 Jm] S ki 1) 40 37 W B, %
SEIIRTE] (K] AOIp AT T 1A AR S P A 1R 2 UL I S ) 8] B A9 2018 4 6 H 1
H#&7 A 15 H, &FWNM RN 2018 4212 H 1 HE 20194 1 H 15 H,
HoAp i B8 45 A, OH H R NOs [ fiAE, L OH [ f 51
NO; H AR AR R; S S s a3 — k. — 84k
R MR EAE AL 68 FEAMEA NN, WARIAE B LS
EAL T SN AL (Liu et al., 2021b, % S1) o £ 2 Bor T AL GURIE ] 35
5B 2R AN 22 I A 18] 3 22 AR RE SR A 75 BV G v 45 2R
< 2 Junt ARk i vH R 2R 42 AOTp B H 2 40 W s 2 vt
Table2 Summary of the average concentrations of oxidants and gaseous pollutant

used for calculating the AOIp values for the summer and winter campaigns at the

urban site of Beijing and the suburban site of Xianghe.

4 JE R X A ] AL

FE- ’E- FE- &%
03 (x10'2 cm?) 1.3+0.8 0.2+0.2 1.541.0 0.3+0.3
OH (x10° cm™®) 1.2+1.7 0.5+0.9 1.842.4 0.2+0.6
NOs (x107 cm) 1.3+1.0 0.1£0.2 2.0£1.8 0.2+0.5
NO (ppb) 3.844.8 22.5431.0 2.74+5.0 68.1+85.5
NO2 (ppb) 18.9+9.8 19.1£11.2 15.2+7.8 29.1£17.0
CO (ppm) 1.4+0.4 1.1£0.6 1.1£0.5 1.7£1.2
SO: (ppb) 0.8+£0.9 4.1+2.7 2.8+1.2 4.2+2.4
Alkanes(ppb) 17.8+6.8 21.0+14.1 13.548.6 33.1+£36.6
Alkenes(ppb) 3.7+1.1 8.1£6.9 2.8£2.3 11.6+13.5
Aromatics(ppb) 4.9£1.9 4.7£3.5 3.7+4.7 10.2+14.8
OVOCs(ppb) 10.543.3 4.2+5.1 3.6+1.2 3.4+4.9
Haloalkanes(ppb) 5.242.1 3.242.7 4.7£3.7 9.1£15.4
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AU ORI AR I B 2 A 2R I K AL BB 07 35 H AR Ak 35 52 B4 () B g ZRU [ A
Liuetal.,, 2021b, & 5], LikeEFiLL4T, HARSELH T40p ¥IHH &
AOIp OH =E#%, TR [AINIH 40Ip 03 F3%, {H NOs [EAAE WA 2, St
HRHAT E2 (Yanetal ,2021) o bR XEE WM OH, O Al NO;
H 3L RAE I KA BE 120 51 2.38x107, 3.10x 106 Al 4.89x 105 molecules cm
s, G B AOIp 1 76.7% 22.2%A01 1.0%. IR IX KA Z=ME OH. 05 Al NOs
H 3R AL K EABE 125108 0.50x107, 0.22x109 AT 0.02x 105 molecules cm
s, 2R E R AOIp 19 95.9%. 4.1%F1<0.01%. Jb A6 X HEZEZWME OH. O;
H1NOs H Hi 5 L AE 1 KA BE 71 73 7 9 2.50x107 . 3.74x106 F1 4.55x10°
molecules cm? s, 435 5 5 AOIp 1) 85.6% 12.8%F1 1.6%. 58 DX FK A Z= WA
OH.O3 1 NOs H HH LA IR EAARE J173 70124 0.81x107.0.19%106 F1 0.05%10°
molecules cm? s, 435l (5 5 AOIp 1) 80.9%. 18.9%F1 0.2%. o8& IR X I8 /& 5B
X, HK AOIp X BTk E N OH, HUCH 05, HEALM = BRELR G &

(>95%) , MFHEFRETTIR T HARE > TR IE AOIp M EZETTIRE A 05, H
T OVOCs WJZHHK, NOs H HIFETTEREU/ N AHEL R 2=, 3 X OH H HiZE% AOC
oTRRAE A ZRiE— 20 B, TAE N IR AE I, A& ZEARLLE 2R Os RAE MR
e JIE BT b T, 15 8T 0 S R4 A VA LA B P P 2E A 38 X AN A
XAEAERCKZE A K

AOIp 5575y B otk i KE NG, ORI &R OVOCs Mkike,
FETTRR IR /ML Liu et al,, 2021b, &l 6]. LR &0 HTRE , X KEALRE /18 Hs i
BRI KRAH R OH A HESER. 77 RFERE I — Rt =N, 75 2
2 B AL TH 5 OVOCs B TTHERIN oA & PRI AN 2 55 BN 45 5, OVOCs %t
AOIp WITTHR AT REFEAEARAS, XM 2.4.3 %5 A0Ie 5 AOIp W&/ Hra] LAk
& OVOCs #pFfxt H i8] AOIp TTERELK; [FIRAHFFE KB, OVOCs I 4 K% K<
AL RE T FTBRR B R, TR 1T W AR, X S5 RIEER =M (Wu
et al., 2020; Wang et al., 2022) i iE 1) 45 R —2k.

WIRHE I, ASSC5E LK) AOIe A AOIp Bk A, HR—MNFRIIE R,
AR N a2t A5 DX 3 DR G SE PR ARG IR R 05 e s AR B
IR, R 20N I S50 B ks, » T ki &, W RO H
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B3k, EANTHEAR R, A0 2 )3 — At Ee it 78 A (0 I e AN 7t 45
SR X 2 WA
2.4.3 AOle 5 AOIp WM& 78 S R A 8

IRAEIF 7T 152 X, AOle RAFIRALE R, g [ailf2, (HLH ALTm
RS T YA S AR A N R, R, SEINERE AN AOC Bk RIE. X
FEATSAEF AN I AOC — Rl & Hr AL ERIE T e AOIp 15 B SHIIAH L FE,
1 H A2 KA R B AE T 3 1) — R R0k 77 20, AN AR R R R ) o
ZLE IR, FARHR T DU R EA AT T . EE b, AR T A .
NT 5 HT 35 AOLe F1 AOIp HARAZE T IR, skt T HFEML T
M ZR], Al AT BE 20 1) S RIS 2 AE M VOCs PRt AOIp fIsemi .

B 3-OFI@ R T A0 53R X RIS Sl i 7 0] H 22 R4 2R K] AOle R AOIp A
—AIEE Ge vt H AR RHE B LT I, 1] 3-@FI@ 53 il e B 2R A R 5 B
15 Qe R — R A U XN AT 5 1A —1k A0le A1 AOIp LBl 1EHn
HISCPIR, BT AOIe Fl AOIp FRAE R AL A I FE AR 1) A7 Je . 8 A2 A
IR RO &G ANE], Bk, —#F RENAR . 1 xF =3 G 7 LS R T R« %
KR AEEMN R BT, ARSCEF B e EU0 B — AN SE R DL H Bk
/NEHERE BRI AOC $840H— 1k, HH AL mMNM E o B b, #58
NAOIe #1 NAOIp. M 3-OF@ W LUF i, NAOIe 1 NAOIp % H 41t HAL L
AKX G5RXEFEHAKR, HEAFEH—EER, BAAT5EE. HHER
[FIAHEE, BT oA, JLAbmr R B R R 2 R, JUH R (A, TTT ik AL NAOLe
F NAOIp 75 21°8 83%-96% [ 3-)], TIARu; £°4 80%-97% [ 3-@)]. 47,
I 1R 22 e L TR Rt I AE AR (R] S 30T 3ty S5 A 22 98%- 99%, IR B3l SUAHZE 94%-
96%. BRI S, Pivkms. MZETT NAOIp HILEAY (I A S E 4R 18], RIS
FEIIARIGAG RN AOC YA 3245 (HB S AL PIZE1T NAOLe H I VEAR (1 B
BRA T BELN, HEE NAO MR HMIEFT, MAEMHIERRE, £
XA AOC FE B RAE R TAARE I T T M AN RETE A, Bom HIRATTRER
SESEAMPBIAAFEE X . R, &7 AOle M5 K TTH#E K H 4R34 4H
RAFMERE, MK — G R KRR B R P AR 2, (R, A

BRI
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Fig.3 Diurnal variation of normalized AOle (NAOIe) and normalized AOIp (NAOI) at
the urban site of Beijing and the suburban site of Xianghe during (O summer
campaign and @ winter campaign. The red dotted line and black dotted line
represent for Beijing and Xianghe, respectively. Comparison of cumulative plots of
daily variations in the composition of NAOIp components (histograms) with NAOle
(dotted line plots) in typical pollution cases during 3) summer campaign and @

winter campaign.
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= FTUERI) OH VHAEZE AT IA 10 ppb/h, 7 OH S IHAERMIT 30%; (H =& X 42
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Bt T A i Hh Al A 2 o 5 3 ) AR 35 R L 3 A 0 Bt 2 - URAE A1) BTk ATk
70%/E A7, IXAESE [ WERAE AR FRNLH], AOIp 2 Kig{kAl AOC. X T HHiR
#hy AN TTRR T 95%, TETS e E IR B NoOs IK A2 TR 1 5%, LA
BB FUER H TS e e B B T NO BIAEAE, A5 Hh T (1) N2Os 94 5 3%
T, FIM NoOs 7K fif i 208 i 18 25 48 5l 1) 5Tk 7T DL 22 AN T (Wang et al,
2018) , SAHFFUAAL ISR — 5.
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KIS EXGE T AOIp X AOC BIRAS, M5 —A R B BAAE AOC W Fixt &
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TR G DX A i s RO AR A TS G LR AT RR L AOle TR
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FORIRBE I, PSR XA, WS T3S A T AL UM B 4 KA T
HONO Ep. FEENLHIRIP G R 5075, B4k T HONO AR Bkt KA A AL
HO, [ 5T Hk -

WG RER, JEsX AR HONO 3Bk T UM A RS . ki
TG 38 R A A SN« WLSh 47 R S T H AN b 3 T 98 5 A AR S o A s AR [ D
K AR IR ML KA NO, 7E - 2 [ BUBURLA) 2R 10 A AR AR SN LA K WL 3N 4=
EAF[ W Liu et al., 2021a, & 5]. HEZ=HK HONO T2k B UKL AT L ZE ' 1Y 5k
FEIIAE IR ARSI SR LB 4 B HE NG R £ R R e s T3 sk 43 Sl
N 34.4%. 22.0%- 18.5%F1 8.4%; [, HONO FELRIF T NO, Hh = FI kL)
R AIAEIIAA A2 B ARSI AR B BB 4= ELHE, ok 7 oA 42.0%.
30.1%F1 12.0%. 4ZEILH RS HONO KGR (B A1 A K EA B35 X A, FkiE
TR M 22 38 5 = N e L3N 4 B R =k R kU, H R~ F 38 5k 73 3 A
29.7%- 24.9%AH0 20.4%, TBLIE 8P TTHR 73 50008 25.0%. 17.5%7F1 27.9%.

PAEERF T HONO F SRR A3 A 5 BE AR 3AH L, K HONO R FE 1Y
A I8 B OSSR OHL ) H IR FE 1) 3 AN . ANTT I B AOC 1 7™ EEAR A1
& HONO #i¥ii )5, JUH R AR R, (i OH [ H & 1 fE 35k FEAE
BERT 39.7%, MAZENIHRTFT 212.5%. 5 OH HHEIKRELIHL, HO,
A ROz [ HFEWR AL /N . HE S HONO Hri U Jn, HO» [ H 3 I e vk 15 43
APEFE T 20.0% (HZE) F1195.7% (47F) . RO, H HHIEIEAEIRFE S AFE T T
8.3% (HEZ) F240.7% (XZ) . HONO FIGJRMIIIN, 42 AONMERTFHE
B3, R MCM HLEIN %425 AOC AN ™, 18 Y) 7 ZAERUE A 785y
% 18 HONO [fAESIMKIR (Liu et al,, 2021a)
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[R5 Y SR L T REDE R A R ME . (AOIp_0s) MIEH AT 4.
3.3.1 v LA BT A B 0 2 B AT R AR
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1 H FE R RN TR (3) BIREAR NO W& o BB KA SR FE -4l 75 72
AT 5 N [0:]=ki[NO2J/k[NO]. ki K/NELHT NO, AR R B INO,), Ko th
Pl T AL BHIk, ARIEASTR AOIp (M58 X, S AR F EEUR T J(NOy)
FNO, e NO. FER VA WA Os A g 34 sz, )l il Hobfh 27 fe B AE
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NO; +hv (O6) = NO+OCP) (ki) [1]
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HH 3R E JINO) WL AR 2, 1 HHF e i i Tal e i, (H A ] AR 25 0T 7 9 4%

(CERN) 42 [ UK I 8] (14 48 M S 0 A S T8 J(NOo) AL 17 kit . i
W] R A R A T SRS o DGR e 5 SR AN AR AR A LU A AR E SRR s ARG
R, R HCEEFFE TR NAKAES (Palancar et al., 2005; Trebs et al., 2009)
T JINO) s 4, (B 2 LU AR ORI s U s B, B2 00
PRULE I3 52 A1 S0 X 3 A 5T o M) FE T VAL S22 4 R ) DR DY e A A
3 (Troposphere ultraviolet and visible radiation model, TUV) HKil%H J(NO,) 2 [H
WAME R 2177 % . BT EREN S RRBRESFHERSEC 53K
9, FEAEFH B 2 RS S TE 2R, I KRBT 2% (Toon et al., 1989;
Madronich, 1987; Kylling et al., 2003) .
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