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Abstract: To understand the formation of ambient ozone(Os) pollution in summer Dongying, the representative city of the Yellow
River Delta region,a comprehensive analysis of Os pollution characteristics, Os formation mechanisms and the emission reduction
effects of Os precursors was conducted based on measurements made at the Dongying station in June 2021 and an observation based
chemical box model.The results showed that: (1) The O3 polluted days(defined as the daily maximum 8-h average concentration of
03(MDA8-03) > 160 pg/m®) was up to 50.0% in June 2021.During the Os polluted days,the average concentrations of MDA8-Os,
volatile organic compounds(VOCs), and nitrogen oxides(NOx) were 70.0%, 10.4%, and 7.6% higher compared with the clean
days,respectively. (2) Higher temperatures with a stronger correlation with O3 and lower relative humidity were captured during Os
polluted days. (3) Based on the native maximum incremental reactivity values, the contributions of isoprene, ethene, and toluene to
O3 formation increased by 114.3%, 68.6%, and 38.2% during the polluted days, respectively. (4) During the Os polluted days, net O3
production rates increased significantly, and Oz formation was sensitive to both VOCs and NOx.This study reveals the severe O3
pollution in Dongying in June 2021 and demonstrates that the synergistic emission reduction ratio of VOCs and NOx should be over
or equal to 1:1.During the O3 polluted days(especially at night), emission reduction efforts of NOxand VOCs should be strengthened
to reduce the deterioration of Os caused by uncontrollable factors such as temperature and biological sources.

Keywords: ambient ozone; ozone formation potential; sensitivity analysis; Chemical Box Model (OBM); Yellow River Delta
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i) 491,

O3 KV T EZ AN NOY SHER TEAHIA(VOCS) S RTARYIFE milit . SECHE S R KD SR IR A AR
101, S 2 A IR A4 AL MG RN, X Os AL bl LRI S A 248, 7E ) NOx XI5, Os £ pk
X VOCs ik BURK, Ab7E VOCs #511X, LI 8/ VOCs WL BEA RIS O3 R FE, 1T AR NOW A& B I
2SI Oz WREEMHIN; 7E/m VOCs X3, O3 ARt NOx i FESE N BUR, AbTE NOH&MHIIX, BERFIS/> NOK
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2 N T EAG VOCs X O3 A A TTHR. Carter! V5655 ] e FRHERUE (55 NOKIKREE, Bl VOCs %1l [X)
TR 1 B R B S R (MR M B N F B3 ) IR 0% OFP bR, S2Bs b, EPR FIHECTE St ik NOK ik
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[, SRS AT LS I B H A Y G e B T 489 0 fz 8238 23 ) R ) 3 A1 FH (Bt vl 2 T 384 o A 005 HE 80 5% i
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Pyt —0,(X)

ASX)
S0 3)

RIR(X) =

K Prermo, GO MPrer_o, (X —A S(X)) 7354 B ARHIAD AR ARG 8Os 1AL B2 S(X) AR
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RESIAZHE SR BT A YI(AVOCs 5 NOK) B B S [ Ak LU SRAF Ik HEAS SRR, 1847 R0 FE Hh 45 Dl 3k
XTI O3 S KA S, DIASFEIRHEE 5t N AVOCs. NO FITHE L J2 O3 e K AR BGHR BE 2 1] O3 A2
SEURE 2 A SR FEAR BT RNDE R B R AEF RN, [ NOJIKEAL, FEK VOCs 735 FE%
Os, BP O3 BT VOCs #51i[X s fEELRAM, 24 NO, R E E i, VOCs KBS O3 A K, (H
& [l VOCs W E AR, NOWERD> 2 S 05 kb, B O3 AERhT VOCs #51il[X s 7EF LM,
/> VOCs Fl NO W H 2808 /b 03, O3 £ iib T VOCs-NO, B [ s ] [X 32331,

BARUEH O3 CO. SO2v NO. NOz. VOCs K TGS H(IREE  AHXHE BE AR ) ) S5 B 0 I B3
N AT S 24 o U PR IO READURE H 00:00 FF4A, 24:00 253, H IEAASLATHA U247 3 d(ff AR M
ARk BIRGTRE), 3B H Og 1A G 2 1 I H] 7 31 1% S iHE IR S0 3 F 2021 4E 6 ¥ 4 R (Al
SEUE SRR AT L0500, AN O3 WA X BEALIEAT 25K, R 45 58 WA Os W E AR A 06:00 FF46,
EAT 3d, FRAFAFIHEE 5T 1 O R A UK FEE .

2 ZR5i®
2.1 O3 R HMAEYTS JAFIE
211 BAISHUIRGL

R A5 EARAE) (GB 3095—2012) 1 #H5E i) H K 8 h ~F35 O3 WK {H (MDAS-03) — 4 btk
FRAE, ¥4 E T 2021 4 6 H MDAB8-O: W E RN T-45T 160 pg/m® i HIAE SOIHJR, Ha HIA AR J
RARET 6 HI5HRME ik 50.00(15 d), b, BESHRK 9d, 6 2630 HHBLESRZS T, +
FESHR 4 d, HEEEGHR 2 d. 155K MDAS-Os “FIEAIR KA 718 215 1 297 pg/m?, JET5HKR
MDAB8-Os PS5 Al KAH 3 5l 127 1159 pg/m®, {5 R REAG R RFE T 70.0%(0EK 1). B4ETm S,
ZRET 2021 4E 6 H O3 Wk AR L N ™ 5.

F1 2021 4F 6 ARE TG YR MRS SR MDAS-O3 Wk &

Table 1 Maximum daily averaged 8 h O3 values during the polluted days and the clean days on June 2021 in Dongying

YR 5 GR
H H MDAB8-03 i &/ (ng/m®) H # MDAB8-0;: & & /(ug/m?3)
6H2H 199 6 H1H 156
6 H4H 180 6 H3H 111
6 H6H 297 6 H5H 157
6H7H 249 6 H9H 119
6 H8H 244 6 H10H 83
6 H11H 209 6 H14H 116
6 H12 H 267 6 H15 H 123
6 H13 H 260 6 H16H 118
6 H19 H 173 6 H17H 119
6 H21H 248 6 H18 H 159
6 H26H 186 6 H20H 116



6 H27H 201 6 H22H 145

6 H28H 168 6 H23H 142
6 H29H 167 6 H24H 122
6 430 H 180 6 H25H 119

HRETT 2021 4F 6 AMEL S SI5 4 KRGS HUNR R F S0 1 FoR. AR O /MR B P35 18
(121461 )pg/m?, AL, TR T eI T b X B 2 A O3 ¥k JEEINO K NOo K E 735
18 43 53 A (242) A (25415)ug/m3. VOCs ¥ [ ~F 35 {H 4 (59.6243.5)ug/m3, i, L Bk - F X E N
(43.2437.2)ug/m?, LA 72.4%; J5EIEIRIESFIMEN(10.235.9) ug/m?, NN 17.1%; RIS IEFIME
HN@.22.6)ug/m®, LA 7.0%: R IEIREEFIIE (L2 dug/m3, HH 2.1%; BUEIREEFIIE N
(0.840.7)ug/m®, (5L 1.4%. M5 E] CO ¥R & ~F34{H (0.540.2)mg/m?, SO, ¥ J& #5118 (6 45) png/m?. I
MRS SHERR K, BRRAGHEBAEIEE CPIMENQT3#.7)C) MRE CPEE RN
(59.019.7)%) HIRF AL, CARSRAR N MRS R CFIMEN(24.743.4)°C) BUR, MHXHBEE ((F1
169(66.8420.8)%) #aimi, 48RP A MEMHAIRI B4 R A8 CFIME N (1.040.4)m/s) R LA L
ARG g KA .

T SRR DR AR,
Bl 2021 4F 6 A ARE WA 05 Y S S R 2 50t 1 5l
Fig.1 Time series of air pollutants and meteorological parameters on June 2021 in Dongying
2.1.2 Oz JAHKRZH H AL
RE TG RR KARGRR Oz KILHTARYIR LR HAIE S aE 2 s, BB 2 vTH: O WK H AL
S HUEN, 07:00 FFUH O3 IREEIZHTFH i, T 15:00 IAREAE, 2 Ji5 B K PHAR ST AOIRES O e IZ M P4



NO, KL O3 Wk LA By HARALHE S, BCT8] NO» W LR Ry A R BUR, NOo FEARERHRZ Os AIME—
TUORVERD,  H ARG NOo IR, AR T — Ik H R8T NO, 88 NO WREEFE
08:00 17 7E WIS (U AR, L5 5 g iy BRI 2R RO UIAR O VOCs IRIEth 2/ Ay RIS, 5
NO2 K JE HAALBHAE, X G5IIEDEARFEED S5 F — IR HS R B 5K AR, VOCs Ju 2 b
FERW T ABAAAE R IR VA, LBl 4 R HEBOT RE2 A8 11T VOCs ) 5 DRI,

22021 4 6 ARE T Os BRI F BRI NI . PMas RIS S 5 H AL

Fig.2 Averaged diurnal variations of O3 and its precursors, PMa.s, and meteorological parameters on June 2021 in Dongying
2.1.3 Oz S5HitAY

FRE B S5 PR K PG R BE T m R 2 v W, 759K, Oz NO M VOCs ¥k 5 -3
1B 735 9 (143473)(30219) F1(63.3231.4)ug/m?®,  7EAETT YK 73 5l 4 (99434)(28+16) F1(56.1454.2)ug/m?, §5 4
RBAEE P RIRE 3T T 44.1%. 7.6%F1 10.4%. HA AVOCs, BFEHtE. ke, PRy & RS
PeRIGATG G R )55 10.0%. 18.4%. 42.9%A1 11.1%; SR IR RS e R T I N R, ks Yy
K 112.5%, 5 R RAAETS G RIR P2 ME 23 519 (1.74.7)F1(0.820.8)ug/m®, X 575 YR B e f e P 5
LR HE TR 3 586 D% . NO TE VT Y IR 1R 1) R B B 5 vy W ik B2 e AR V5 e R B R T v, ¥ e R vy 0
(07:00)NOL K AL X 46 pg/m®, BEARIS YR H 36.6%.75 4 K PMos ik B35 LT, BlRis Yk & 50%,
5 Je R AR5 Je R i P24 43 1) (303) AT (20 2) ug/me. T 4L K BTk B o v . KA PE S
5, FIRESFECT EEM PMas ZIRHS AR, 159K 035 PMas R AR BiokE, K8
i O3 S HATARMIAETS G R ARG Y RIR BE A HAARTR], 155K VOCs H EHE ] 158, NO & (8] F 2
T VTR MA BA . 35 e R i R FE T A LA i ARV S A R R R AR — B R LR 5L
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T EREIREER) O3 ZERG IR T O V5 G AIRAL.
R2 2021 £ 6 A ARE WG RR ARG R R 205 RS R SHCT 28 K AL TE
Table 2 Average values and variation ranges of air pollutants and meteorological parameters during the polluted days and the clean

days on June 2021 in Dongying

SN EIREE IS
Yih
I E AR EZE 10 ] P ARtk 7 0 ]
Os/(ng/md) 143473 6~341 99434 8~201
NO/(ug/md) 243 0~25 242 0~14
NO2/(ug/m3) 27416 0~89 24414 0~83
NOy/(ug/m?) 30419 3~101 28416 0~104
CO/(mg/m?) 0.620.2 0.1~1.1 0.540.2 0.1~1.1
SO2/(pg/m?) 847 2~58 544 1~27
PM2s/(ug/m?) 30413 6~114 20412 1~69
PM1o/(ug/md) 70227 22~176 46220 8~112
FEf/(ng/md) 45.3427.1 10.1~204.6 41.2444.8 10.4~288.6
I &/ (ng/m3) 45420 1.5~13.0 3.843.0 1.3~374
el (ug/md) 1.020.8 0.3~8.9 0.740.4 0.3~3.2
55 F & (ugmd) 10.845.0 3.1~24.3 9.646.6 3.2~46.8
IR i (ng/mB) 1.74.7 0.1~6.9 0.840.8 0.1~4.8
e HF e R/ (ng/md) 63.7231.4 17.1~229.2 59.1454.2 16.6~330.3
RIC 273447 16.2~37.6 24.743.4 18.6~34.1
HAXHEE 1% 59.0419.7 13.0~97.3 66.8420.8 15.9~96.8
S JE/hPa 1003.643.4  995.8~1010.5  1004.333.7  996.8~1010.4
P/ (m/s) 1.020.4 0.2~2.9 1.040.4 0.2~2.0
A9 — 0.9~358.9 — 3.8~353.1

214 O3 5K4HT1

FRE TG R KRG IR R R O S 05 I H00 A B PR R 5 X XU F AR A B B Al 3 TR Os
WRRE SR S AEAR DG, IR — e P mT DA ROK B S SR, B rn P TR S B K B 4 e e B R 6 3 B8 ik
JEI) O3 2E .03 IREE S AR R A, Ml h BB Wil R e AR Os WREE, I L A X
W FE 2 T REEUE T AT ] O3 1A= pRIOL X L T5 Yo R SRV YR O MR BEANELEE L& ih 2RI, V5K
O W BE 5 I L (A SCPE 5, O3 IR FE R IR BE AR I K& T . Sk B&, s e R 32.4 CHY,
B O3 < BE R A A IF) A XU FE S S R M AR TS Y R I AR R I B 2 (0 2 5, HL A (AR XU (T34 {1 (1.0240.4)m/s)
BN, RUEAE T 2021 4F 6 H O3 95 Jeict 7 K FE 28 (1) DX 3l A4 it A< Hy O 75 e TTRRAEL /IS



VE: oas c BRISRR, by d BRI SRR, o d IR AUE A RE, AR ms.
B3 2021 4F 6 A ARE O3 5 IR RUHDRHE BEL A A BT 05 15 U1 UHE AR AL i P
Fig.3 Fitting diagrams of O3 with temperature and relative humidity and polar area diagrams of O3 with wind speeds and wind
directions on June 2021 in Dongying
2.2 Oz AR
FRETRET A LA MIR 8 J T 3£ H MIR ETHE 75 F R ARG 44k OFP STRRTHT 10 A7) VOCs ¥
FanE 4 Pos. FEFALAL MIR 1R OFP H WK 5T £E MIR {EiHE 1 OFP A, MHRHEA L1k
MIR {51 OFP {8, J54¢RFMAEIGHR VOCs & OFP 1553 54 103.8 Al 90.6 pg/m®, 5 Y KE AR5 YR
i 14.6%. H, FFEREN O ATk oK, 15 G R MRS B R K TTERE 7 73 37.5%AM1 41.4%; H UG
F I, V5 U RANETS Y R BITTRR RS0 )9 27.3%F0 29.1%; KR AE s S RANTETS Y R I TTHR 253 51 9 22.0%
H122.5%; TR IHAETS Y RANIETS YRI5 BITTRR 13.0%F01 6.9%; BRIGTETS Y RAETT Y R TRk R )
N 0.2%. BIRBERRIKREE & fm, (ER A RNTE PRI, X OFP MIDTRRE /D, AH M, 75 & @A
FEH TS R N SRR 5E, BRI OFP 1 BT ik 58 .



Teoay c EATSRA, by d EATESRR; as b EHEETA LA MIR iH45, o d B3ET3E MIR it
K14 2021 4F 6 A& E T OFP A1 VOCs ¥f#
Fig.4 Top ten VOCs species of OFP on June 2021 in Dongying

H1 4 BT WL, <78 195 YK OFP STk AT 10 A7 VOCs #0435l 8 5 6 - H5(13.5 pg/m®) 20 (8.5 pg/m®).
[B]/%F- (7.5 pg/m®). (7.3 pg/m®). 247 ng/m®). 1ET%E4.6 pg/m®). 1,2,4-=HFF(4.6 ug/md).
SERFE4.5 pg/md). AB-H K43 png/m)FR T @1 pgm®), STTEREA 61.3%. HA, OFP Gigkar 10
KLH) VOCs ¥ifhdh 55 B 42K otk ek, OFP fEA 21.1 pg/m®, TTHAZEE A 33.2%; HICNIEREZE, OFPEN
15.8 pg/m®, TTERFE AN 24.8%; BVOCs [ OFP {i A 13.5 pg/m®, TTHRE N 21.2%; flaiekilaZ, OFP {4
N13.2 pgmd, TTRRFN 20.8%. FEI5YLR OFP BTHRAT 10 A2 VOCs #Fh 4 N R (9.2 pg/m®). [8]/%-
THZE(7.7 pg/m®)s F I E(6.3 pg/m®). Z0ES.1 pg/md). 1,2,4-=HIK (4.7 pg/m®). 1E T %i(4.4 ng/m®). 1,3,5-
ZHZE®A.] pgm®). FIREG.8 pg/m®). AB- GBS pg/m) M EGB .4 pg/m®), MTTHERE N 57.6%. A5
K OFP Tkl 10 A71) VOCs #Fh 75 B K oimk i K, OFP {H N 23.4 pg/m®, TTERZE N 44.8%; FHLIKZ
J75J&2%, OFP {H A 14.3 pg/m®, TTHRE N 27.4%; KikedE OFP {HN 8.2 pg/m®, Ti#kH N 15.7%; & BVOCsOFP
N 6.3 ngm®, TTEREN 12.1%. S35 0K, 159K OFP Ti#kal 10 A2 VOCs #F# %t OFP ik bt
BT, MEREIEA BVOCs X OFP k. Hor, S M. M R 2R OFP & s, 407l dg
T 114.3%. 68.6%F1 38.2%, Ut B ARE 1115 G RAEYIRHE BRI Z) 42 R S HEBI%T O3 A2 i ok B 2
B,
2.3 Oz BUBRMEAHT

i F OBM MR 1 A8 T 5 G R L ARG Yo R I Os Al i 7T 18], 508 T H IE) O3 1 AR B R 71
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9155 x 10° h', 52017 FH T Oz ERGEFACFAR SN, mTdbnt L. Bl SRy [X 143450,
TR [E](18:00—2E H 06:00)0s i1 NO ¥ 7€ 1E FHUSE AR 40K, 7275 94 R R ARG e R ) O 14 s %4y
WA-4.3x107° A1-3.8x10° h!, AR B E 25 HI7(06:00—18:00)0; BT I A% VOCs 5 NO«Z 5 K1)
P2 S N A FR.O5 1 AE U R T 12:00 A FIWEAE, 7EF5 R AT PR O5 1AL R R IEE 4373 26.0x107
F122.2x10° hLi5 4R O3 H A P45 A4 BE 2 (17.2x 10 h &R 42 K (13.0x 107 h ) B 2+ 5(32.3%), O3
TSGR rh Os SR G A o O3 R FEE /KPR DT W S 1 . 75 2248 2, O X HONO #E4T
M, HONO 1EANRAH AL E BRI, o Os (AR — & IR,

T OBM %4, K O3 A 144 NOx~ AVOCs Fl BVOCs 4 HlkHE 20%3E 4T BUBHERL, 15 T RE T
BRI RIR . I 5 AT, 498 Eys R R MRS e R Os LR hIpLHI A K A4 00 548, 49523
VOCs Fl NOx th [z, JE75 4R O3 4 it AVOCs B NBUB(RIR=0.41); 754K O3 A2 T NO [ sk it
M58 (RIR=0.37), [FIIN X AVOCs 175378 I H 5 e B BBUBS M (RIR=0.34). Rl V5 G R 550 NOx & AVOCs 1]
IAHEE R T Oz i e, (HAFVER M, Os 15 G F2 H HlIE 20%(1) BVOCs WK JZ I O3 A= B B 1iE (RIR=0.12)
T ARG R KM FEE R T Os £ R FEIR(RIR=0.08), Kk, Aol ZAEYIIE VOCs 544K O3 i E K
I DTk

B 52021 4£ 6 H O HifA&% NOx» AVOCs Fl BVOCs [fJ RIR {&
Fig.5 RIR values of O3 precursors, NOx, AVOCs and BVOCs on June 2021 in Dongying

2.4 ETAEMIRHRSCR AL

VR AL AR DRHE R 2R E T Os AR RRIMIEE I, BT 6 AT5 R R PSSR T EKMA 2
HEA AR VOCs 5 NOEAFELE] T Oz A2tk HE 6(a) AT WL, ZRE 1T Os 15 Y B O3 A ikt T
VOCs-NO Hr A1 X, J8HE VOCs Bl NOx X AT A B Os A2/, 55 RIR &5 FAH— B 27 B SeBlis 4
K O3 IBH7(03 1 h iR EE-FH{EH<200 pg/m3), VOCs ¥R & 7 H IR 23.7% 150 NOK i B B 198 50.4%, 55,
1 VOCs 5 NO A 1:1 I LLHI VOCs R FE AT NOy A& B2 2[RI HI 3 20.2%.  H1 1] 6(b)FT I, ASEEE Os 1547,
4 VOCs/NOy P [FIJsHE L7 K T 8055 F 1:1 B, VOCs 5 NO W g HERT 5121 O3 A2 B A 22 s/, B
AN VOCs/NOy B A8 HE LB ™ VOCs W< FE I8 20% 26 47 351 T SE 30 O3 3545, 17 24 VOCs/NOy 3 [Fl 98¢ HE Eb 1
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ANT LI, R SEIL O3 IEAR 5 ZEHI K VOCs EEBIEE /), fH [F] I ZEERIERT NOx HEIRAT B 255 ). il
1, 24 VOCs/NOx PRI HE LG Ay 1:2 I, SEIL O3 i8R, VOCs IR HII 17.3%, MR NOx i FZ 75 H
Ik 34.6%. 25 E, DI BOYSEHUZRE T O3 i8R, NS VOCs 5 NOK i [FIHE LB KT 305 T 1:1 ik
Flg, AEZIRAE LU RS e ROUHZKIANOK 5 VOCs Wi /I BE, DA Ge R B T v S A )
VS HEBOE s S5 A AT IR R SRR Os AL BRI Os B2 75 25Xt NOx IR H B KBS 7y, A O5 A2 iUk
ML A VOCs-NOy B 7] fil] IX 745 21| NOy 25 ] X 4 52 I O K HIIAFR A BO& 2.

T a BIH VOCs(NO)HK B L il 4 2 A FICHERS 5 T VOCS(NOX)K L 5 SERRHERUE 5t T VOCs(NOL)IK EEII LA a B9 &
27N GB 3095—2012 - ZbniEFRAE(05 1 h 3K B FH{E=200 pg/m3); b B+ VOCs/NOx F5¥)5& VOCs Hil ik EL 1 5 NO. ik
ERIGIER N
6 2021 4 6 ARE TG T Os £ MRAHE 25K SR VOCs 15 NOx AR L1 T Os I 45 (5t
Fig.6 Os isopleth diagram based on the polluted scenario and variations of O3 concentrations
under different VOCs/NOx reduction ratios on June 2021 in Dongying

3 i

)2021 4F 6 H B = AR AR E T Oz 7544 H, O3 A RELL L 50.0%, it 15 disHeR
MDAG8-O3. VOCs 1 NOy #3ET5 44 K43 Al F+im T 70.0%- 10.4%F1 7.6%. 75 R NOx T[] 3& F5 B F- i g U {1
R T IR TS 3 BUE IR RO e ik B R T

b5 R R AG KM R KRR AL, O3 HiRFEM OCHE B2 58.2021 4F 6 AARE T O3 V5 fid 2
H T AR ARG (iR 8) JE I ATA VIR EE, 330 O WA FE U E RIS 58, O 1A il
BARSRR T E T 32.3%.

ORE M HET AL MIR (ETT5F OFP 2 LT T £ H MIR (A5 OFP, { F 3£ H MIR {5 7T f¢
R DTSR AE R 22 57, 3G OFP BN & (i 5l (5. VOCs X ZR%E Tl OFP [ STk R AMR A 75 & Je>
WIS It > S I > B 5 e R ARG e R IR M. LM BRI OFP B 40 I3 N T 114.3%. 68.6%
H138.2%, O 15 G RIEWEARR LB ZEHEBON Os A B TTHR G 5.

d)ARE T O3 AL T VOCs-NOx Hir 2 X, O3 V5 4l B 1 Al IHE VOCs 5 NOk /2% O3 15 %41
A ROEE I BN SE T VOCs/NOK Wb FJ IR LG X T 8055 T 1:1 FOslF5ems, 15 4 ROUH AR E) R R
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NOx 5 VOCs #F /1R, I is G Rl BTt v S AR HE G I &5 AN P42 B XT O 35 BRI REM. [R5
BpdFHE NOx, i O3 ZE BB A VOCs-NO Blp [l F2i] X 17] NOx #2] IX #64Z, - BASEEL O3 K HHIEFS.
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