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Abstract

In September 2020, the ozone pollution process of Lu’an City, the only city in the Yangtze River
Delta with ozone pollution for 9 consecutive days, was analyzed in depth. In the autumn of 2020,
the 41-day continuous online VOCs monitoring was carried out at the urban monitoring station of
Lu’an City, exploring the concentration level and composition change characteristics of volatile or-
ganic compounds (VOCs) as ozone precursors. According to the ozone generation potential (OFP),
the key ozone precursors at the monitoring station were obtained, the source of VOCs was ana-
lyzed by using the receptor model (PMF), and the prevention and control measures of ozone and
VOCs pollution in Lu’an City were put forward accordingly. The results show that the ozone pollu-
tion in Lu’an City is jointly dominated by meteorological factors and human factors. Influenced by
the downdraft around the typhoon and the vertical transport of ozone in the upper air, coupled
with poor horizontal diffusion, continuous ozone pollution occurs. The average concentration lev-
el of VOCs at the monitoring station is 30.9 ppb, and the VOCs with high proportion are alkanes.
The components whose OFP value and concentration value are greater than the 90th percentile of
the site are m-xylene/p-xylene and toluene, both of which have high ozone contribution potential
and control and emission reduction potential; among the top ten components with OFP values at
the monitoring building site, 5 are aromatic hydrocarbons, 4 are olefins, and 1 is OVOCs, indicating
that local industrial emissions and solvent use play a major role in promoting ozone generation.
The PMF receptor model is used to determine the combustion source, solvent use source, indus-
trial emission source, oil volatile source, plant source, and vehicle exhaust emission source. The
vehicle exhaust gas source and industrial emission source play a leading role in the generation of
03 in Lu’an City, and it is recommended to be the optimal control source.
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1. 518

H KR T5 Je 7 6 T RIAE 2013 -1 46 S it , LLAHBURLY) (PMs) A 1 1 23 05 e 4 36 L KA o0
{H 2 SLA(Og) In) AR SR ™M S [1] 0 3 0 S AE0TS L 3 B2 NN TRHEBCIT AR Ak 22 2 i, N R HES ) AU
WAANSE KA WA S RIRVE A R B 5 A R IB I et 5 SRS 7 Og0 AR LR, RAEALES
B RS REMERN SR AN FEESE R TER, SR AT ARYIIE R YA M5 Y v @
FEAL P, X TE L W, ARSI A T R B, BT AR KRR =T B
BB — P S R A ML R, IsRE VIS A, HEEA UL SRR, s A
WAEA = st AR PP R A VLTS BB 2 A oSBT R R M E A WLV ), BRI S A A L
WA, BEEHENIEREGIS YRR R, B E p AT R A LG S bR e[ 1] -

HR 1 7L B AR 20 2L (WHO) ) %€ X, VOCs (Volatile Organic Compounds) 2 7 & I~ , i 5 50°C & 260°C
MEMAENNEY, ERE, VOCs &5 H I N AR E KT 70 Pa, & Tk S7E 260°C LA R A HL
&Y, BIE 20C 4T, BRIERTEESET 10 Pa BAHE R MR &AL EI[2]. VOCs &L
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ANTE YA S N IR SR T AR, AATTE E i PR AIC VOCS SRk 3 BRI R 44075 Y1 B 193] [4] [5].
VOCs FE ke, Sk, )Rk, MR AT HREE. DA ARRPERE RSB H VOCs
FEH 43 7%HAZEH, 26.0% L 20d 2, 19.3%l[ e MAKE, 6.3%IA FIR BHME A LA K 4.7% & iz it
FREEH A, Vs el HE URFAE 5 I [R] 25 8], AR GEAF AR A 5 R SUARFAE 25 V) AE 2 [6] [7] [8]-

NI T 2B VEES, MAAIHEZ 8], A TER &R, RAUEE, E8ES0, b, R,
IR =R AR X e HASTE AL R [ Bl iy 3 ¥ (0 Y s, BRSNS NS, bR R 2R R 55 2
A, FERFBEA—, HEWERAEEZ R, TERANZH TR RS TS, RS AN A
BhRIS) BIBAE R a3, 2020 fE5E FE, O HEtk 8 /N 90 ik A 168 pg/m®, #fId — i brifE R
i, 5EZFEME, L 51.4%, 5 FERBIME, T 37.7%, O5 BG4 B 52 JeiE . A SCE )
NG — IR LEEBT Y500, RIS 2020 4EAKZE VOCS [7E 28 W MK 3E 4T 40 b, WL 5 15 20 4y
ARARRFAE, FEXTRBE M SRIGEHHATERTL, b S 2T AT P R B, 7N 22T A VOCs
P PR AL RS RS

2. SKEFTE
2.1 s R SHTEL

LA IS SR FH 7S 2 T 4 2 S AR s ARIE AT, VOCs SRAE s TE 75 22 117 X f s K
BRI (31.74°N, 116.52°E). FIH VOCs 24 /N FEZ 22 i il 1) 75 =X, WlsE 1 2020 42 9 H 28 H~2020 4
11 A 7 H, 3t 41 K vOCs Hidl .

N2 T W AR L, LT S T TP, AR R LR R X AR X O 3, ST XK
BRIARER, MR A5 R i A S, A R R SR RS e B, B PR R, A RS R,
AT DAV S IR T A3« 2 I8 555 YRR A T i T R 1 L
2.2. WSS

SR FH T A 1 B B A 47 (1 E 22 VOCs 43 BT AXES (1 M T R AE B 33 A R A =, AC-GCMS 1000)
VERNTELE MR ML ZS , AN RN L /NI, 24 /NI FELREBZRAE, WM C2~CL2 ¥ R AP (EHE
PAMs, TO-15. FEHAZER) 117 Fh H ARG EHD).

2.3. Bmath5REES

AU MFRFER A T TO-15. PAMS. EEEHZRIR G Hr, F KA 117 F VOCs oy e il o 3
AR R T 2020 £ 9 H 28 H, #ARKE K43 7124 0.5 ppb. 1.00 ppb. 2.00 ppb. 4.00 ppb. 6.00
ppb. 8.00 ppb. 10.00 ppb. HiT[A] - ZHIZR5XF - ZHIRICEAE LGNS & N AT 08, X - SR
5% - SHIRIREIHMT AR, KSR VOCs B8 2 IREEMR, MR EK,  Hd R w4 52 30 & Fh A
M. Ik, ARHEbRE B2 RO EAIARE . R AIB IR TR B B A A M S AR v T A
AT IR R, JLOREE 98 FRLH AT SR Sk, BRI 1.

TELMEA A ER T, A3 16 MITHERE. 29 FixifE. 14 Fi OVOCs. 27 Fikike. 10 Fildike. 1
Ptz 1 R LR

2.4. YA E

2.4.1. REEEH(OFP)
OFP (Ozone Formation Potential) 3t VOC AEMIMRRE Hix VOC MK M & R E(MIR,
Maximum Incremental Reactivity) (g, 5 AR A:
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Table 1. Linearity coefficientofeffectivecomponent

=1 AMHESE MR

e YRR cat HRRHR F5 YR AR cat HAXRHR
1 k5 Bt le 1.00 50 X EEAY S 1.00
2 LI i 1.00 51 HEEIR Ut Vs 1.00
3 Wik P 1.00 52 1,2- & Ak )& 1.00
4 ZHREAR & 1.00 53 33 OVOCs 1.00
5 P ke 1.00 54  FIEPIIHER H S OVOCs 1.00
6 5 Tkt Bt Je 1.00 55 1,4 ZE N OVOCs 1.00
7 ET Bt Je 1.00 56 —R A B )& 1.00
8 IR P 1.00 57  2,34-=HIF Fefe 1.00
9 X-2- T Wi i 1.00 58 2- B Pk b5 1.00
10 I -2- T I I 1E 1.00 50 &R 1,3 &N EE AW 1.00
11 1T I I 1.00 60 3-H 3Pk Kl 1.00
12 1- 1R yyss 1.00 61 4-FFE-2- TR OVOCs 1.00
13 1E K Bt Je 1.00 62 HoR HER 1.00
14 S A -2- 1K S VS 1.00 63 EFGE P 1.00
15 SN A e 1.00 64 Ji-1,3 ~ENME B AW 1.00
16 I -2- 1 S I I 1.00 65 112- =8 Lk g 1.00
17 I OVOCs 1.00 66 VY5 2.4 Epav 1.00
18 1,1- =8 2% )& 1.00 67 2-C.Hd OVOCs 1.00
19 112-=&-122- =%k xRE 1.00 68 TR A B 1.00
20 2,2- " REET kR Leke 1.00 69 12- iR 4K )& 1.00
21 ZHRAGRKR AR 1.00 70 E1P BV 1.00
22 ZEFR )& 1.00 71 %S FER 1.00
23 2,3- HE Tk Bidd 1.00 72 [/ = HR 2 FiER 1.00
24 2- 3 e Bt je 1.00 73 IETHE b wss 1.00
25 23S Bt ja 1.00 74 A HIK HER 1.00
26 J2-1,2- R LI & 1.00 75 LI FiER 1.00
27 3-FEE P 1.00 76 IR & 1.00
28 RSB T AL OVOCs 1.00 77 L YTSE S FER 1.00
29 1-C 0 JiIE 1.00 78 1,122-MUE 2k XASR 1.00
30 IEC Bt Ja 1.00 79 NAEA HERE 1.00
31 ST A OVOCs 1.00 80 7] 2,3 1 2 HER 1.00
32 11- =& Lk & 1.00 81 papse YN FER 1.00
33 BETR 2.0 g OVOCs 1.00 82 1,3,5-=HHEIE FER 1.00
34 2,4- R P 1.00 83 EZ bSI 1.00
35 FER IR e P 1.00 84 4B- 2 B 2K FER 1.00
36 Ji-1,2- R K5 & 1.00 85 oK H g OVOCs 1.00
37 2-THd OVOCs 1.00 86 1,2,4-=HHEIE FER 1.00
38 2R WE OVOCs 1.00 87 1,3- &k & 1.00
39 WETRLE| OVOCs 1.00 88 1,4- 5K AR 1.00
40 111- =84k & 1.00 89  123-=HHERE FER 1.00
41 ok b5 1.00 90 FAFR g 1.00
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42 2,3- P 1.00 91 B - 2 HER 1.00
43 VYA Bk ESEAWE 1.00 92 1,2-—5H % BEAWES 1.00
44 3-FE Ak e Je 1.00 93 St - 2 HER 1.00
45 FS FEIE 1.00 94 E+—4 Bt Je 1.00
46 1,2-F Lk BEAWE 1.00 95 3- F LR OVOCs 1.00
47 2,2,4- =3 bt St Je 1.00 96 B+ STy 1.00
48 IEBEE VS 1.00 97 12,4- =5 H X 1.00
49 TIEEE OVOCs 1.00 98 INET W X 1.00

OFP, = MIR x[VOC] (1)

A3 1 HVOC] MM EI 15 VOC PR FE RS L EIR s MIR; iZ% VOC 7E 5L K1 & [ B
R RAE R, KA Carter HF7E1) MIR &%4[9].

2.4.2. PMF S {k{EHY

AR g 1F 52 B DR 7 43 AR (PMIF) 592, 38 Ik 4 g — AR 471 I i) 3 47 B S5 25000 1 i e 1 %
NSRS JE A2 VR AL R E S 55 AN BE R I TTBR o JERIDRE § % j BORE SR EARAEBE X AR N AN R
PR AT oTmRAE BEA D TR R, i i IRk Is L, B E R B YE. iZAE EA SR

Xj = kzzgik fy +6 @

AR 2, VR VAL g N TR AL | IR EG g, IBRIT KORE |
A BTIR, g ALY JERT k R e NS T AMRER ALY § RIBEALIR 22

~ 3, n AREGEL, m Oy VOCs A%, uy NE T MRS AL j IAEEZ . PMF JEE R E
BEORRBAROER TR/ Q 15, AWMHEX IS MSH, HEX g, 5 f; B

J PMF SRR KT VOCs Kl T ERUSMRAT, 5 250 N\ BE b AANA 32 L Hicdie o iR B 3cde i
SERRMEIRAT, LR G H SN E Y RIHE RN AT IE A0, AE: 1) MO TS R A
MR 2 B 2 AN FZ AR # AR ¥ VOCs A, AR Taer th FRAK (B LAZ A B 172 45 i BRARER, JFBA 5/6 A th FRAC
BHAMPLAHERE: 2) BRAEUAA A EEA, IEDL 4 R ROR H IRACE SO R A E 2 3) VOCs A
APBQURERAE S5 BT — B R A, AR R P B IR VOCs £ 7r g, R L BN HE i —
SRR VR . ASHIE B M SER YR EPA PMF B 7 IUE Tk an (2 3K 4):

unc = \/(Error Fraction x concentration )’ +(0.5x MDL )’ 4)

AR 4, CHVOCs WML, Unc iy VOCs ¥IMAE B, EF (Error Fraction) iz 778, —fk
Al LA 5%~20%, MDL (Method Detection Limit) Ay /A HiFR -

3. B/ER5WL
3.1. BARFERIRIN
2020 479 [ 1~9 FUBIIAI, SEJR2% “335” K “HEH” B MM RO, K= X
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Figure 1. Changes in ozone concentration in Lu’an, Hefei, Nanjing and
Shanghai from September 1 to 9, 2020
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Figure 2. Distribution of mean sea level pressure, wind field, precipitation and temperature in
Lu’an City under typhoon weather on September 6, 2020
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TR ER GRS & KON BT I A k. HlE 3 wiaL, ZEZASMKEN, 9 7 2
HZE 9 HoNe BB Bl Nl Gi. AR, O MK EZ{EE By M F2hm e T m e TR,
TRV R R GARG YR, W AL 600~800 m i, —J7MHIAE Og V5 A By, EAFRIZIF )5, milkE
BRI, FFERE M, MR AR O SHF 62 SN AE R O TR B INFL R, R
Oa V5 A INE[10]. 53— J7 I, MGk Z e RAK NO, HFA &I A= AL, A ae T O3 M
AR RN RRNRE R, SBOLHIE O5 WK RI BRI T o

BINA U G KL 5 AR L 98 R TR, T REE— DR 7 e e A R E e, S EOR
Y = 1 DX AN T HH B ) SR SR FEAN B S T (5 2)
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Figure 3. Time-height diagram of vertical wind speed in Lu’an City from September 2 to 9, 2020 (red
indicates subsidence, blue indicates rise, and black dotted line indicates boundary layer height)
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Table 2. Urban ozone concentration (ug/m®) in Yangtze River Delta region from September 1 to 9, 2020
£ 2.2020 £ 9 A 19 BK=AXEHHREKE (1g/m’)

X5 T 9/1 9/2 9/3 9/4 9/5 9/6 9/7 9/8 9/9 R

i 110 121 138 122 128 149 147 143 154 0
P T 162 127 151 153 163 192 176 182 186
av-diil 177 167 175 180 181 240 204 188 180
BT 113 132 129 181 213 202 190 163 191
Efjg i) 188 165 141 134 161 215 172 195 180
iz i 85 106 127 121 163 176 166 142 150
2= T 159 167 154 142 145 175 176 200 182

B 105 113 145 137 152 150 181 177 170

o W U1 W N oo oo o

TER T 173 161 165 153 185 225 199 183 197
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Continued
T M Tl 178 160 138 138 156 193 171 183 170 5
L) 144 163 155 141 159 196 185 176 187 5
N A RET 162 144 146 158 148 203 190 159 190 4
Efi/g 2R 140 130 159 152 148 192 174 168 164 4
JEWT 78 100 143 142 163 172 176 161 141 4
L Alini) 88 97 145 163 157 209 201 155 162 4
g 128 136 174 152 173 222 200 180 176 6
HELHET 128 163 138 160 186 216 214 172 175 7
N T 150 166 142 144 155 212 170 182 178 5
:,'thjg ki 78 108 136 177 190 196 199 220 176 6
T 94 108 115 180 181 195 193 161 157 5
fzpsini) 122 142 141 156 177 210 204 201 184 5
R 95 109 132 158 185 205 193 170 203 5
M i 79 116 139 178 194 203 178 220 177 6
BT T 85 112 171 180 193 206 192 206 194 7
M T 76 115 143 211 218 187 190 222 186 6
M T 90 117 178 187 205 197 220 221 234 7
i3t SR T 92 113 186 193 188 169 234 232 256 7
S} T 106 110 176 198 206 179 224 243 237 7
P i T 70 87 146 190 168 136 193 204 216 5
ioti=3ie) 66 67 194 194 146 136 243 210 176 5
T 102 114 188 223 176 190 231 222 257 7
B 123 124 165 163 168 191 202 199 222 7
N T 135 99 182 206 197 225 205 242 222 7
T 73 117 201 171 155 152 221 143 170 4
PN 111 132 197 172 160 205 232 162 244 7
BT 119 129 176 157 189 185 168 160 217 5
T 78 T T 105 110 153 96 153 156 156 167 180 2
XEC mm 77 9 157 175 159 136 197 114 158 2
a M 65 94 180 184 173 169 208 162 154 6
Fh T 66 99 189 185 137 143 223 187 141 4
7K i 118 101 140 148 157 166 159 127 136 1

Kl 455 2020 49 H 1~9 H 7S 22 i S8R B SRR 5 (DR R s A7 25040 ) /N 848, el ] 4 T DA
HE] R A R ) B AR 75 SRR VR B, A 2 5 XU D e 7 b RGER AR 2R (R LRI AR 7
K)ES; MREARAG, #ERERTEE BAEE XS KA MW X. 9 7 8 Hik R RAWKE NIl
B, W 100 ug/m’,

RGBSR, N2 B IR NI . AE 3 H el AL, 9 H 8 HIRR IR UM 2500
M 76 A5 — B AL 43 M T, 3R 8 e P R A v — 30 0 DR el v 2 T U0 IR ) « R T B A DAL,
KPAE T BE AR R (R A R E R R 2 — . B 5 S5A 7227 Bl 34 R0 A 24 H i X35 20 A vl 5,
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Figure 4. Ozone concentration and wind direction and speed at monitoring buildings
in Lu’an City from September 1 to 9, 2020

4.2020 £ 9 A 1~9 BARAL W BN AR SR ERE KX EXE

INEE T PG R T AR — A ik, XA IR & B SRR, S B0l BKITE 9 XIORGEAZ /), H
WAL £9 H 7 HAAE 9 A 8 HK®R, LKA TR K. g kg, S22k
FIBEASAE I AR A, SEONZ RS G iR 087z, Bk, 9 H 8 HER MR A E T R F 2 -
1) 232G XINE T UV, S EGRIRE R R A T TER, 2) ZRBLAKKI R, KT ik
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Figure 5. Terrain around Lu’an City and distribution of wind field and ozone concentration at
21:00 p.m. on September 7 and 4:00 a.m. on September 8 (yellow box is the location of Dabie
Mountain)
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3.2. VOCs 5K J

TELRHE I HTE], 35 23 TVOC [P35 29 30.9 ppb. TVOC MR BE /KT s FEBCR,  AIEL 6 F
[BIRFE, TVOC MIRLIRIHR AT  § F R, RRIR LR ah e L B, X TR R = T
B, ARTHEmy L HohZ o s, Bl TVOC R EEKFEim, 1fi FIR T VOCs i3 %
N, RPERMR. AR TVOC IKEDK T RILZEHITH RS, X EER B THEAKE TG, ¥kt —
PR

100 /

80

TVOC(ppb)
8 8 3
=
S
——
_—
;—
—_—

Figure 6. Change trend of VOCs concentration of monitoring site
6. MMk S VOCs BiRE T LiaH

3.3. VOCs $E¥fh 4y th

A 3 1) 7S 22 T 7R 28355 55 VOCs 28571 o Lh e s IR A BE )&, A 34.50%, HL N SARE , o LA 16.65%,
Bl N7, N 16.45%, X =FhSEAIAIMRE &t sk 67.6% (1€ 7). Bl MEIIE A A 4ERS Bk bis
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Figure 9. Top ten concentration components and concentration contributions
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Figure 10. Scatter diagram of component concentration and OFP value
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Figure 12. Concentration composition spectrum of VOCs pollution source at monitoring
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Figure 14. Proportion of pollutant sources of the top 10 VOC components with
the largest OFP contribution during monitoring
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