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FOEE: 54T Y R [ 2w I A S BSOS R B, T
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Physicochemical processes of typical ozone pollution in a suburb of
Beijing
JIA Longl’z* YU Shanshan'? XU Yongful’2

1 State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese
Academy of Sciences, Beijing 100029, China

2 Department of Atmospheric Chemistry and Environmental Sciences, College of Earth and Planetary Sciences, University of Chinese
Academy of Sciences, Beijing 101408, China

Abstract: Ozone pollution is a significant environmental problem for some cities in China at present.
The ozone formation depends on the chemical reactions affected by the atmospheric physical process
and various meteorological conditions, so it is necessary to study near-ground ozone pollution from
both chemical and physical aspects. This study analyzed the physicochemical processes of
photochemical pollution in Huairou, an urban city in Beijing, in autumn 2022, by combining field
observations and the Eulerian photochemical box model simulations. The daily variation
characteristics of meteorological factors, such as temperature, relative humidity, and wind speed, and
the concentrations of ozone and its precursors, volatile organic compounds (VOCs) and nitrogen
oxides (NOy, x=1, 2), are determined. The results of source analysis show that the primary sources of
VOCs were traffic emissions (46%), plant sources (25%), solvent evaporation (23%) and combustion
process (9%). The contribution of ozone from regional transport and reactions of local VOCs was
obtained based on the Euler photochemical box model. The results show that ozone was mainly from
horizontal transport (> 74%) during the strong north wind prevailing period. During weak south or
southeast winds, O3 was formed primarily by VOCs and NO, photochemical reactions. According to
the ozone formation potential of VOCs, alkenes contribute the most to ozone formation, accounting
for 67%, followed by aromatics (16%). Sensitivity analysis shows that ozone formation is most
sensitive to physical factors, such as light intensity, temperature and boundary layer height; meanwhile,
reactive alkenes are the most sensitive among VOCs. Finally, Os pollution control strategies are

suggested based on the EKMA curves.

Keywords: Ozone; Volatile organic compounds; Source analysis; Sensitivity analysis; Huairou
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1. 5|8

AT R B A R O 5 (A BOR B, R AHRURL IR BB A T I, AR (03) IREE R
A ZEFERES, X RE A E E15 04 (Zhang etal., 2014; Lu et al., 2018;
Lietal.,,2019; Wang etal.,2020a) 54—l 0iml, &R LA B8 AR 45 122
Ji kA A AL N (Berndt et al., 2018; Jia and Xu, 2018; Guo et al., 2022), MIifi5] & ¥ £ 1L
SR, PR A — Rl R A S T T . AR iE SE RE R SIA T E N, A RIS
FEJLHA ppb AAGHR BE I 5t RE S 45 0 SR AIIR R« a5 NARRIZI DR . IE BRI AL 1
ERMEYSE (Emberson et al., 2018; Wilson et al., 2019; Xu et al., 2020), F kil 72N KA E %
5 NFENHEVR (BR4E, 2006).

I RAA B HE R G (VOCs) AR (NO., x=1, 2) Lid & &t as
SNAE R, R, VOCs Fil NO & i/ i i 545 1 £ ZHTAY) (Feng et al., 2016; Li et al., 2017,
Tan et al., 2018; Wang et al., 2019). K5+ VOCs RIEIEHR T 2, SR B, e s
FETCA S 75 06 RN B 4725 2 2 VOCs (Carlton et al., 2009; Sindelarova et al., 2014; Riva et al.,
2016). 7E—L8 NZVEEN BRI A TALIX, Beke. J7 & AR k2 F 28 VOCs ¥t (Sun
etal., 2016; Sheng et al., 2018; Wu and Xie, 2018; Song et al., 2019; WkiF#%5, 2021; Lietal., 2022a).
RAH NOCRIEHER B, EEoR A miR RIS R, 5ok B Lo, DERENESH
SRISHE, DRI NGB NO, 3 ERkJE (Amoatey et al., 2019; Wang et al., 2021; Michalski et
al., 2022). HITREKE S VOCs M NO, BIRLIE R R, PLAILFZE N R AL Z X oK%
. AFE O EEY R KPR AR AN T U S S AR (Lefohn et al.,
2011; Wang et al., 2020b; Yang et al., 2022; Zhan and Xie, 2022; Chou et al., 2023), [ f# sk =24
TG YL, FEEAE R VOCs A NO, [ 38at I, il it B nf e A EZ ik, s
VB AT 140 5 I U S R e A B

JE Rt X R SETS R — R RS BRI ARG, — AN RS 5 3 10 R

(Guo etal., 2014; Guan et al., 2023). #FNEHILL 4~6 L IL P RIT4E, BT PaILEA
WX, N8 AR, ok, BRItk B AL ER SR EL B, 6 AT DABK AR 56 A0 SR S 555 G
Bt i G R TS, H S AT A AR R X SPGB L X AORELEY, e JRUESAR B RS T A
TTRNT B, 5 AME 2 R mE S AR 5 Tl X (Y5 e . SLER N ORI ) S5 S B e o
BH R, JERrEE 3 217 R, HEF—RALEE BB T, i g R RS
JESAA B ANG 22 72, KA B T RO S B A
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PRIXAL T AR IX AR AL R, H a9~ F R s, REEAL Ui X, A6 &R IRl s 1)
11X o DR AR i AIA e A Sl R 28 m] e R4 F ik (H AR T ALt X R4
Wt Fads 32 A TP A rpCa DX ORI 335 1 S5 DX o TS T PR SR IR A8 S i f) SR SR i i
AWHIC. AWFFUR H RSB R R smL , i e PRERINIX 2 VOCs Wi S L R A A il
5o FFAE IR T IR AN R AR 2 RE PRSI AU T2 ZORUR, Mt il i b [X R TS G52
PLRHEAE,  [R]I J9 F e X ) SR AU ORI A SRR i 2%

2 MWRSHTE
2.1 W

AR EE B AR, K VOCs WL 5 e 5 30T 12 A B Il (R PR SR IX 75 R e
el D6 B 1] A ER P SE 2R b, 12 PR [ 2tk B 100m, T B e 2 5 [ 2t g . (&
1), A2 AT SR AR X 3, LR b 4T bR, R P54 100 m /& S308 Hil. R
MBEHFEAE, RAEMOPRETALX . FAbMoyERIX . #E XAEE X R X B
IER T A FHPEER,  FEO 45 R IRGS AR E . M By 2022 429 H 20 HE 10 7 4
H, b2 4edr MBI RS2, VOCs Wl By 9 H 21 H~9 H 30 He

FEBAE | 0

Vi

BT LI b B R S IR CPRSR X 75 R 6 A [l [ 23 PR D
Figure 1 Location and surrounding environment of the observation site (near the China national

environmental monitoring site in Youth Park in Huairou)
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2.2 WERB AR IT i

VOCs fE4GM B 1% N R B 7 Fe B8 I - B4 (PTR-MS, MP-510, HERH2R &8
PITRREWE ), T LATE LRI & 05 45 e W ke A LAt 254628 VOCs, I 1] 43 ¥ 26254 1 min,
SRR PR 0.1 ppbe 1T PTR-MS AHGERRIREARAE, [FIH A8 10 B 0l J5 307 4 VOCs
B, SRS RS- TS BAL (GC-MS, GC 7890A, MS 5975, #HEMe) BEAT B HT.
5 B SR RV A 0.4 mL/min, SERERFSE 2 hy 5 FSHERRETEA 16.7 mL/min, SKRERESE 1h.
BILE VOCs B EBAEFIR (T2 00~17: 00) SRAE, FoRESEHUR 24 KA1 SCH0 3, St 25t
X (TD, DANIMASTER) —/R&EH/EIEN GC-MS 5h#, HAGK HBRIAF] 0.01 ppbe R
LINDE 2 ] it & ) 54 R0 447 PAMS #5< (Linde, 57 f VOCs 4145, 1.01 ppm) Xl &AX
PHHTRME, IBE (T). B (RH). Ki#E. NO» M Os Fdl ok | FEiz .

2.3 VOCs JEMEHTR O3 & i ST E 5%
K H IE @ HE R T/ A (PMF 5.0 EPA) % VOCs BEAT RYR AT o 1245 B 15 1 il 1)
V5 eI P S AR5 U HE T 45 4H 50 B RN & 5 38 P B /N — 3R Ak 350 4545 R (4 4 1l 2 3
TIHR®E (Norris et al., 2014), FEARTFRUNT:
X=X 18t e (1
A, xy A @ FES RTINS § FDIREE s g IR k NUEXSER | ANRE SR BETTIR: Sy
NEE jRIBRAESE kNPT S 080G ey NS i MRES R ES  RIN EIR E BBR2Es p TR
B H. @I X ARP) PMF JEHIE, % VOCs RIE A5 DTk %
SEE RS (OFP) H Tl VOCs 724 Os HIREST, BIFEMR B R H A Ak it i
T, WL VOCs Xf Os T ™= AR [ K md . OFP sdid =it 5.
OFP; = C; X MIR; (2)
A, COAVOCH NI (pgm™), MIRAZ NI R RH & R NEE (Carter, 2010).

2.4 BRHKSOEHEAE

N T TEIW] O3 ZE RS B SR B MO ] A 96 2 RS T SRR 240 3 R R B G e
R ORI ) B AL 2 B, 2R USRI KPS . R EY G
FHEHAA RENDGIE A AR Aap S N AP B 22 R . AU 2 S SEATLAR R FH B B AL B
(CBO6r4) . A s AT ISR AR B, 87T DUR gt 25 A B ot SRR ok, 0 #r
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BB 0 SR A I U o B B AN BN B e B AR (R ) O R T BL R 5 RO
(Seinfeld and Pandis 2016):

Lo byt G Ny Z(Co-C) + Xmy (3)
JiFR (3) A1l 1-6 Wiy HIARE TIEHE IREETUERGIEN . W T ACTHEFI i 5
RN ESNPIIR i IHEBGERER, H RREERE, Copop NREZT 1 FIREE, vl i TR
e, wRKTFRIE, ACHE TR REE, Co NG TRV i MVIRIREE: 858
MG BRI § AR

A P IRLE R KGR R ) 55 S R BERER B SR A A0 WIS s Ax 155E 24 40 km;
GRS E R RS R, IR 5 H R, 1 52 R A T b XM
D, A% 300 m, #iE 1000 m (Tang et al., 2016); H T CBér4 J& T-fifLLEE, P75k
FFY) VOCs, 4% BN EL I 08 T HEAT A RL I 4T o Cro MR ASEFDLF 0 o 00 2 1094 32 A
E; VOCs Fll NO, S5 1 A 0 Y HE SR B 2= T WA /4 g, Homik RIE RS R AR
TR (9 427 H, B, R0, @i HEE ML CAE 5 MIMME O #T, T E
NRAE;, N T8, ESRFEHFIME. g, 5 PTR-MS ML, GC-MS L2 7] LA
SAFRGRTE N I FTE LERTAY) (PAMS) iff, (HSZHIF e 4F, MR RRE T A
KARES,, T PTR-MS 7] 24 /NRHIE I35 B MR B . O T ARS8 SR B R Rk, ik
AL A TR EIEMSE R, B, ST GC-MS MIELE R, M )5 & R A e w3
PTR-MS LR &fa, @234 CRC (Jiaand Xu, 2021) ¥ FIRPEAIL 52 B
Fe AR, RZRIT Matlab FHATEAU. 9T 407 O ARzl X, DL RFKHARER 9
H 27 H VOCs Fl NO, HHBCAFHHE (VOCs Fl NO, HERECH 1), IR ek Sk s
VOCs Fl NOL fEANFIHER R BN 1) R AR MBI S E 2k, B EKMA 12k

3. ERSW
3. 1 RE KT EYTE FAE AT
311 "AEREEEST
VOCs ML, PRERIEIX EIARE IR 9 H 22 H 4 12 1 22 23 HNF 4 3205061
AR, 35 XA B S e R A SR TE AL R, BRI S KRG BRI 8 G, AR SR AR e
H

22 HHY 16.8°CIFEZE 8.9°C, s AAXREWMAT—H ) 81%FF 2 50%. M 23 HEFHTF 4G T
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AE RIS, FBETE NRR R R X, PR 1~3 4, RS THX R ERS . &I
e R T, B 10 A 1 HEIRURTHEN 19.5°C, S KAHXHRE W T &E 2 94%. 10
A1 HZE3 QR NE, 3 HEREANE. 20w RSB R8s 10 H 3 H,
F G A ARSI, BIE JT— A RS R (E 2).

REA PaAER R/ ZREE R /R AEX
= N
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s vy
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Figure 2 Diurnal variations of wind speed, temperature, relative humidity, and the concentrations

of VOCs (aromatics and alkenes), NO> and O3



3.1.2  REGHFAESHT

LI PR 2 X R AU AR (160 pg/m®) [RECH 6 K, FELHARE B B H T 12 B &
HE 1 10 B, AR H NGRS X RS E, Sl B R EREAT A 5K
G ANTA AT RAER AR BB 2 ATRAEH, ARFAR R AN H AR A E 5
FERRKSE, AE[SPNESWINLFZ 4R, FRIE® RS #2800 VOCs Al NO;,
M SBUR AR A RER 5. Lo H 22 HZE 24 HIg bR AR, RARAREK
WPEAUN 31 ppb, SR [ B IR E AR Z A 8 ppb.

FE R 55 IO BAOR R, BLARGAR B2 119 H A8 A B TR B SR A 1 52 e R AR AR
SWERBL LA 9 H 27 HAM, BTREDEFERZE, B RAIEFEAE, FEHE
AR AHE RS NOL AR RSP 1 [ B, PR SR i B A o« XA s b i —E
FPEEBIEE R EH, RBG IR BRI RS, ATIIFAEHT— 50 RAA R o R BA%R S
SRR T, ISR R S R A T SR BT MR SR LR . X
F LRI 2 R 0 & 46 o SLATE R 4 BN IR BIEAEIREE (126 ppb). BhJE BT K BHER 5
B, DR RS AR, AR AR, 10 51 HE 2 H, DR KE, L
1~2 FHISFERAE, ZaERER, KIMEN 2551 50% (Wang et al., 2014a). Ktk
FAEAE IR LR — HIB IS TR T 37%. 2 HE 4 HIFMRZRUIL R, B %
&% 27 ppb.

3.1.3  REFMEY NO. A VOCs S AE4 17

SR FA R A A AMER =, HNFERRIZR /2 VOCs Al NO; A bt 8. T
LI 3 1] BL AR T AR 24 T3 m R K, 33 NO i R PR AL N NO2, NO KB I iy A
#) 5 ppb, X HL LA NO2 91 18 NO, AR LAFE. PRFIX NO, T ZRERR 1A @ Y5 LA
(Wuetal, 2022), EAFEHEREPRSEY (TREMGITR, 2020, J&REUEREE (IR
a,02022). ARE K THIBRMALIE (Lietal, 2023). HI TS0 By AR AERERT, Bk B S
B AR PR B DR T 2K o LI TR NO2 1 H AR B DL UL 2. NO, 7 558 5 J6 KU S AR A
Z| 1 ppb, MEHARSE, NO» B H AR 3 E R I T BERFE, S0 — M H A b
10 i, BRUEHILZEG MG 19 R, SRARRAE S5 30T A0 0 L VAT e e o 2, B NO, 22
oK A Hb 1) A2 8 o



1T 05 B R AR R B A IR R SR BB 5, ISR 5 20 Ar 1 05 A S MU A el R B2 1 1 AR
WHFE . BT PTR-MS B[R] 73 238 AT LS 24380 450, AT DUARAF B9 VOCs 1Sk FEAS 2.
1M GC-MS I [8] 73 ARG, X RER B — BT [B] N P 389K o K e % 10 /b~
KRB RN BTV RE S B AT, BL 9 H 29 HEEF NG, @it GC-MS & 1 Ff 2%
FIR 10 /NE3{E L PTR-MS XERIE K T 50%; @i GC-MS W& (157 % s 3{E L PTR-
MS /NT 6%. HTLLE H5 FEZRARLE, R i S s ) R R 2 B N, X AT
BT 29 HiR AR s HOG R ZY, AR H O S I IR B i e, ANIfTk b 1 HAR R 5 5%
i Cn JAGE S SRl & 25 SRS, A TISEAS PR 7 00 e e s Ry B 5 SRS i . 1 2
8T PTR-MS &M F B HE SR AIRE H RGN, KINHREREEIKREIE 193
ppb, TS 31 ppbo AN FE 75 T S AN 16 T 303 B 5 Tt e BT 5 b Ak A )3k P K
(LRI 2022). W DUE HE D5 AR AR ARG 351 H AR RHE, X2l T 3% VOCs
CUE R R  FEPHEBO MHFBGREE SRR G, (A Ay E B R e R . AR R
NI, RE N IR RK B R E, MERTA R, ok BREYHBIN 5 ik
e, PRI 0 ) 8 BCHR 28R S R AR AR 20 A AR 6] PTR-MS 145 F) 8134 7 % VOCs
(ARG RRAE o

S TR R R AR CRAAE, I e R AR PR B 4.4 ppb, SRR EER]
1% 25 ppbe LA 9 H 29 HABI, RIAMKERILL N 0.1 ppb,  EF 10 B, SR Ik BT
saTtE, BIR 16 BAREE, MERETRKEETN S N, 5HEMAEREAR, S
Wi 2 TR E AR REDRE TBOR: I — M 13 28 2 B R T HERR B, 3 5 3RAT T W I — 3¢
A, SIIE B T 0 (R AR Tk P 5 B AR 2 TEAH OO, MR 8.9°C w3
19.5°CHY, 5% 4 B KR E BT 7 ppb $2F+ % 25 ppb. IRFEEA R T AN, HH
SCHRIRTE S HFFIX — 4518 (Seco etal., 2022) . P2 XA B AV B ABSR T HI X K, X S 80K
T AR K HEGR S , iX 53 F MEGAN(Model of Emission of Gases and Aerosols from Nature )
VRS B AR () A — B CRRZEREEE, 2019).

HR BRI FE HHIAE 9 F 23 H bR By, “F3REEAE] 0.2 ppb. M 9 H 24 Hilg, #F
FEIR X AL T 55 R REZR i EEI T, Sz A6E0 L X BRSNS R T 58 8, I 2R 24 T
AR FEB T 5, Bk I 4.3 ppbe AL, FIORIRFE L BA B A H AR RHE, B K
WG . AR 3Bk F AR FIA I K, — 7 TS A0 @V A i e, a4, VR R
L BE AR AR IR, X BRI EE AR I 225 R (Dai et al., 2010; 77 H 245,

2012; [ A5, 2003; T 30345, 2021; Yuan et al., 2010).
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B3 AMEIE] GC-MS Ml H Y 53 Ff VOCs. J#0& 10 B, 5 VOCs Sk E T 43.8%, H
T 48.9% RIS TR s Bk 27 M EEON 42.3%; JiEKE 15 M, b 13.8%; Bk
LA, 47 0.1%. Kok LR . IE T FE. SIRbeR S TR iR B A s D7 A R, ISR
AN IR B fo i BRI ) T — 2k VOCs LIS BA N, s okmes; FHoihe
U 194 B8 A v 1) PRI G  — P i s SRS U, = R R ok P~ 35 Mk 235 7 ppb,
H f =i B2 AT 3K 40 ppb,  BESEP0 - 2ok Hi5/KEEIE R (BREE, 2022),

L
g
i
o
o
-
S e gl i il U g S X gl Qe X X e i
i %\%%ﬁ S % e S S séﬁ:r\ N Xﬁ»;a %@%‘%& R
‘/‘:’\ ”l« "‘3 nb“// N ny” b(/’/ o v
’\,n’ﬂ']::y o [ %
12 1 L L L 3

(b) I ke+huse =
2 ] I E
=% s
#® 9]
g 3 >
~ 0 L

hadese tesubaaatee e SRR ;ﬁ&“’\% Rk
\ :
%\\P ‘%—\% Y% \\\q’ - %3\\'%\/ 3 X [i%ﬁ’i\v e 1<

Kl 3 GC-MS Ml & [ VOCs HIFFZE I FH K 7:00 2 17:00 IR E

Figure 3 GC-MS determined VOCs species and daytime average concentrations

3. 2 VOCs SRIRMEHT Bz 0, 4 BRI By

TEREAT PMF VEARHTRT, 4358 3~10 N+, HR4E PMF & SR H bR R £ Q {E VT gy
WO, 4 G S BRSO R VR RIS AT DR B AT R, R 28 4 AR I VR A AT 4
mfE. & 4 %1 T PMF BT H 1 4 503 ZHORE 5 LU R VOCs. BF 1 otk K
Yo R R s (99.2%), F R M YR BRI (Xu et al., 2015). FHREF 1 4
NG B 21, M (69.0%) -2-T 1 (62.7%) FIZH (42.9%) HITTHRECR, H
FER A THERKE (Liuetal., 2017). Fik, B 2 HAMENERE: BT 3+, TtwkE ot
BT S0%MIAE: 1,2,4-=H2 (90.2%) MZHEHH (80.7%)+ 1,3,5-=HZ (76.5%). 412,
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FEHIR (67.7%). A/ ZHE (66.2%) IENA (65.9%). &8 ~HH (59.6%). 1,2,3-=H %
(57.5%)+ [A] = Z3EF (57.0%) AT (51.3%). XU FEREFE K REY, %HAT
TR BRI 25155 (Wang et al., 2014b; 3SR, 2021; HEES, 2022). Hik, KF3
P FE s BT 4 b, B (62.7%) 1E T 8¢ (61.2%) 5 T k¢ (61.5%) 1EIkE (72.5%)+
FIbE (65.3%). FRKE (61.0%). HEIALE (55.1%). 2,2,4-=HEE LS (69.0%). 1EC
B (51.6%) PRkt (66.2%) IEPHE (58.7%) 1E¥HE (51.5%) 1EZEKE (58.1%). 1- 1 /%
(52.5%) 1-300f (71.2%) 1-C0 (72.5%)+ K (54.7%) FIFR (43.1%) MoTekECH R .
ks IETHE 5T B ANIE BT Ca~Cs el PR CUbt £ 25k B T-HLah EHE (Liu et al., 2008;
Cai et al., 2010). PLIEZ KNI C~C KiEbikE, FEokA T ERLEMEHR GRRIE,
2020, 2,2, 4- =W E b f H B30 ke 2 L 8h 423 £ VOCs Fi87575 (Songetal., 2020). P,
1- T, 1-J0@ 2L 3h ZEHEROR Y B 22774 (Watson et al., 2001; Li et al., 2022b; Guan etal., 2023),
ok, PLshE RS EH 5 &/E (Sunetal., 2016). Kk, KT 4 FASCEIE. 2@ EHEK
) VOCs 552 VOCs 1) 43.0%. MLl sl vG 2 il Filg S308 4AiE, SKFERiERR
A TEL) 100 m, RAEFHE L, ZAO@WEHWEEE: HWHBOYE 24.9%, HYHSH 5K
CIEFERE T SRR AT A, AR R S 23.2%, I
BT e Ja RIEBNIX, PR EME . BRI RS 2 BV R . eAh, FEARAEd s i —
Be il CHnFIZAL RS TAE BT ARG HIER: BORHARE & LML, 2 8.9%.

T et
504
R e IR -T-';-'-T-HIFI dEssn UH-HW-H HHQ el e
- i 2 i [
50

HHu;H EIH...-:. HH:IEEDE ,“Huln‘ REE EHH==:I e oHR iﬁ

E RN e ——— Y \,)
R TTITTTI RTI4TN iEiHWiﬁ HMIWHuHm (

AFH AR = FEPIHEI « SRR B
BRIER » TEH

TTHLE S %

Kl 4 PMF f@HT )% 1 VOCs M4 2 BURFE B AN TR ¥ STk =6
Figure 4 The characteristics of VOCs and theri conresponding contributions in each factor resolved

by PMF
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#I VOCs PR O3 A I sTmkan &l 5 firos, Her OFP BRI il R AH D HR (43.9% )
ATIYR (27.2%) FEFIFER (19.0%). FPIHEEH 157 0 0 SR AR Tk K, 29 5
POUEI¥ 95.2%. VAEFIFERFIASEIEIR B T NG, J&n] DUl jg /R i HE ok i) . 388
PR O S AR TR B K IR IR RN S T, T 1T 0, 1B IR . I A R o
O3 A LTIk K EER 1- T H, HRANR) 6 —H 2R,

1
5l B ' R AR
20+
10 H i
£
2 0 111 IT T T T 4
S RRBHKEREERERLEEREEE KK
g SFSIOIFIIFSIFIISEINS
@ NN N o~ & %’,\ / *‘é’bﬁi #%' ; '\7‘0",\/’
¥
® 20 - ‘
15 AR
10
5 Illlllllllll----—V , : \
0 AR TS . RN RRARE wICEHIL @ EYHET s
e 5 R RTS8 R 8 e L e e
SR FCEENVLE TE Ca RS
NG L) S o8l R B
B ¥ YN AV AR
& N IS o &E
< ~ ~ ~

Bl 5. S EHEMR X O3 A2 B ok LA S A2 388 Y A 74 A IR Ao O3 A BT R B K IR 20
1 VOCs

Figure 5 The contribution of different sources to O3 production and the top 20 VOCs that

contribute most to O3 production in transport source and solvent evaporation source

3. 3 BRI R X RE K HEURRE 7
331 R RV

KHGE AT 9 H 22 HE 10 H 4 HWRX ARG RE, B R R A
AR MR 79 S Ja N AP 5 10 32 AR AARRAE , Rl o XU o 5 SR AR 72 T P AR A
SR AT H AR 56 o S BRI O A e (B VA B2 0 S5 00 45 R4 . X LA NO Al
O3 NEINBALHAT TPk K 6 W LA AU AN IR B il NOa fAE s fili, {AFE 24 H
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Figure 6 The simulation results of the ozone pollution process in Huairou from the Eulerian

photochemical box model
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Figure 7 Maximum ozone formation isopleths under different VOCs and NO, emission ratios (The

red dash line is the nation's primary standard of O3 pollution; the white dash line is the ridge line;

The red triangle symbol is the VOCs and NO, emission ratio basepoint for the September 7)

333 BHUREXYEIEEN RE R TR

MM TR R o (B 2 F1 60, 78 9 H 22 HE 24 HZ KKK K4
T, WIS R R 22 ppb, T4k H /K PE s H R SRR 31 ppb, (XL
WIEIEAN T 9 ppbo 24-25 H A HIEWE A5 e R VAR ES . 9 H 26 HZE 10 A 1 HI,
BT YR B AT AR RS, DRIk 490 B 1] 2 557 40 A7 4% A R 7 o S AR DTmR I o e Hh - R

14



A HATRY) RARLRAIESC R, R 16 45 56 P N4 B AR ECHR SO A 2 5 TR T AR
TrikE (B 8). 4 B oont SLA DTk K IR T g R A s HIE T S5 3 s A A R T 1
IRV, HITERSAEEE 67%, HHAB N ABEERETTIR T 34%. KB N RIS & &
(. FORSE RS HIR . W RS ZHS HIEM I TTR T 16%, Hdhi Kook g —H
(7% Kol HEA & AR i AR BB R, H T AR BOE A &, HX R
HW BTN 2.6%. HIEARM RASA Mo FREL R ZIRE RS, XERES
HEEEYHOENESZ (Zhangetal., 2015), HXFR H AP TTERN 6.8%. T IXBL A 7K
P RGEARAS, RS K Pk ) R R Tk 1 5% DL EEdEUT 9O H 27 HE 10 A 1 Hi
] 3 B RO B A HBE DTBR, A R SR R

40

30 A

20

0, ik %

T Y e N P LGN PN e P o N wXB
S SV SR R

N A
I\ ¢
QK ki %

Kl 8 BT RRBGA AR R o2 (0 2% DR X R AR DTk
Figure 8 Contributions of different factors to O3 formation based on the Eulerian

photochemical box model
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Figure 9 Sensitivity of physical factors and ozone precursors to ozone formation
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