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Variation characteristics of ozone concentration in
Taiyuan from 2013 te.2017

FENG Xinyu™

( Environment Monitoring Center Station of Taiyuan, Taiyuan, 030002, China)

Abstract; The characteristics of surface ozone) concentration and its relationship with meteorology
were analyzed by continuous observation from 2013 to 2017 in urban site of Taiyuan. The results
showed that the annual averaged concentration of ozone was increasing from 2013 to 2017, the over
polluted days of ozone were 66 'd and the situation of ozone pollution in Taiyuan became worse. Ozone
concentration reached its peak in June in a year, the diurnal distribution of ozone presented a clear
unimodal with its peak appearing at 15:00 or 16:00 and trough at 05:00 or 07:00. For the spatial
distribution of ozone, the concentration was lower in central sites than suburbs sites except for
Shanglan site/ The research showed that the ozone concentration was positively correlated with
temperature and wind speed, while negatively correlated with NO,, PM, ; and relative humidity. The
higher ozone concentration was found under southwest and southern winds, which indicated that
ozone may be related to regional pollution transport.

Keywords : ozone, variation characteristics, photochemical reaction, Taiyuan, meteorological factor.
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T 5 AT YRR AR 20 A7 AR 5 SCRRAS A | HLBIE S IS 18] 25 /1N, AN RE S A I 18] F 51 ) O e B AR AL IR ik %
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Fig.1 Location of 9 air quality monitoring sites in Taiyuan
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2 5 59718 (Results and discussion)

2.1 2013—2017 4F KT O, ¥k B SRR AL A

K2 KRS 74 BT R U EEEE 11 T 0,-8 h 4F E MR B FE A 0, I 2 PRl 1, 2013—
2017 4, 4 [ 74 A2 KRR T IR SO EE 11 DM T IR A ST O, B B A TR,
TE 2017 4F 2Z i, 05-8 h 4F A 437 vk BE I8 7 B 45 25 SUJo f br 1) GB3095—2012 Hf #1219 = b 1
(160 pg-m™) LUF {HFE 2017 4F 0,-8 h 4F EH /O A I B 0 B KRR B 52 50 0,75 44
WSS 74 ST AU HEEE 11 M AR —B0(BR 1 2013 4F) | BV Bi5 R AR T 74 W st
HEE 11 Mo Y KOF BT AR Sk T R B R, RR AR 2017 4F, 0,-8 h AR 43 Mk B A F
189 wg-m™ I E 5 ZHARME(160 pg-m™)0.18 fif, J& 74 i F-I/KF-19 0.12 £, 0,75 Y& 0 H #4
U ORI TT A AT B O, M I &S >k A =M hitp - // palm. zq12369.com )
2.2 O REEFZAIFN

Bl 3 AR KR 0,-8 h A H /- hr e AR Akt 2, AL 3 Fml i, 0,-8 h W EEAE AR LA S 2
B V"I FER(3—5 A6 FFIRWR EEZ W&  FEE R E R (6 H ) e BEIABIE(E (BR T 2014 4
2017 AFUEMETE 7 H ) 2 (6—8 ) Mk B RIF AR i P 7K T s B (9—11 H o7 ) W BB i T B 4
(12 Ar—IA 1 A7) We B SEA e R A AR . O, 78 K AP Rtk B A2 O, A48 F il 5
(A B AR 070 R N R S IR TR K PR SRR AR O, BRIk S A2 R A
e B R BHFE S5, SR, ek SOR i | i A O, KA vk BER o s & oAb 2f IO W #5559 , HLAE
— B ST R BRI T B RO 2 R B R K AT O e Al W 2 2L [ 3 8044 2 O,
W B fIK.
200 : %%g‘ii%’xa&ties 180 [
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11 Cities in Beijing-Tianjin-Hebei region
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Fig.2 The percentile concentration variation of 0,-8 h in Taiyuan in different months

0;-8 h in Taiyuan and other cities in different years

2.3 O VkEE HARfLAE AL

Bl 4 Sy K5 2013—2015 4EAEY K 5—7 H Oy /MR EERY H AR fr it Ze. AR 4 BT AN i 2k A8 4k
BB A3 A 1 R P N R R 3 S 2 T AN X Y H AR AR IE B R 8 R AR
2K BRERGTRZ M, O, Wk B2 b T, 27 J5 R PHAR ST o, FE a2 OBAE FH R, 1S B 2247 O, Mk B 38 31 I
KAH, 22 5 i 2 A B ST 580 0 55 SR M R IR S 16T 4 () AR P RURBE T 3, O R BEAE . 1 5 i &
7 BFEAR, HAEAL T 17—22 pg-m™ Z [H] ; WE{E e B 2 A 15 BF Bl 16 B, VB (E 7F 68—108 pg-m ™.
XFFE 4(b) ARG 5—T7 A O PR EE b TR A (DX e 1] B 5 4247 S AR — 3, fHR 45 A i
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B B i B TF AR MR AR P 7 28—44 pg-m ™ IE(EMR FE (A P AE 109—179 wg-m™ 1 F5—7 A K
P SRAR X A A R TS SO B HE T, 5 4h AP O SRR 15 Gy 26 A vl e e 1 A b
) O e fig >
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Fig.4 Diurnal variation of Oy in Taiyuan in different years

2.4 HBREO T

HRAE 2013 4B bRl S 328 SR8 0 (AQL) H AR MLAE ) (HI633—2012) 4344 /715 ,0,-8 h KT
160 pg-m ™ NHAR H AR SC6 2013—2017 KR 0,-8 h BB A5 115 SLHE 4T T 481t , 45 R L3 1.0
1 A[H1,2013—2017 4 0,-8 h HIAEEAR KB 5124 (15715 .13 .66 d,2017 41 £ 4F Hibr KA
ARG RAETAEAATK (2013 BRA) 10 2017 AF@EARISEHT 0 3 0, 80 2 4% B2 A B2 5 gL KA, 0,75
YK V- A S 0 1 e 3 MR A OC W B, 2017 450, /E i B 5 e RBOA RN T 92 d, W4 4E
B TTHR RN 14.9% , 2364 R 1k KT TR O, Wil LAk I3 Ye e o ™ 5 A9 —4F AR 5 L WOk, 2017 4F
KT H R iR R 30 °C R Lh ERBGE 77 A3k 2013 4E LIRS S IR 2 1 —4F | SRR A T
A2 OB HEAT ARAE T O, AR KA G o) — I 1T, B 2 3 AF R A4 25 SR B BE ARSI I oK, K
SR e RS At R Ak SO R A T AR T R G S A 3k e D R R ) 4 53002017 4R
O, e Bt B RG34

F1 AFAEG 0,-8 h V5 QAR KEGETTH(R)

Table 1 * Statistical number of 0,-8 h exceeding the standard days in different days(d)

15 %5 Pollution. lever 2013 2014 2015 2016 2017
34 20 14 14 13 54
4% 4 1 1 - 11
59 - - - - 1
B AN 24 15 15 13 66

K5 ARGy K JE T NO, \CO W BEEAEARfL 2, NI S Hrn] 1, NO, A1 CO R 3 i 28 B AH LY
BT ARARE & m , B RN, X5 0,-8 h WEEAR AL (18] 3) 1 DL IE AP A R, & R AR S5 B ER
FE AR ROV 55, 2 O, Hi AR NO, I CO #e B IR R B Ak 2g I NG BR, iR K51k h 0,
SRR R .

2.5 IS LR

g TAE T LA A 0 0 O, Wk BE AR ARAF B0, B 45 S RUALRY 0,-8 h H 4r i BEH% 5 4F (2013—
2017) LA 2017 SFEARHATGETT, 455 UL 6. NIE 6 R, 2 5 AR Geit, RIRTTIX 0,75 Je #1228l X A
TR R, O DX X B AR R AR v ¥ Y o ) s A s A B 323k e A5 R T P R ]
WS GG JRAEGE R AL T X U 28— ) PR ok A AR X8k O, B iA %) VOCs B NO HECR 5
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K, ki e tad RN AR O, , 3K 02 O, YR BE B 1 — AN SRR 55 A6, 76 R Dl e 3 K BT BT 43 A
Ky Tl , 52 B 2 md S I RZ IR, v B2 1Y O, S LR (R 1 1 St fin i 2 AL B 25 B 1 B s A O, ¥k
JE g ey R SR R A il s A T R T AR AE 7 3 2 45 538, 60 T 2424k T3, I 55 — i
A BRI W s A R i, DR AR X8R Y O AR B, T2 AT RO DX ) A R 1 s A O, VR
) FERN.2017 4 0,-8 h E Ak BE AR = T R R s A O, Wk BE I S L DN
JE S TR R AN X AR BT 45 380 X P 280 & SR B R TG BRI DX 38K, O, B9 45 A i 4 47 HE il e 458
K, F A b5 YWy B HE R — R A R O, FEBSRIEL K 7 &R A7 2013—2017 4F#R bR RECEFI EL
L NELT A& SRR 2R 0,-8 h BiAR KA & T H B 8, X 5 05-8 h A4 vk AR s
e —3n.
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2.6 O, SHEGEYMIZSHN LR

FFERIETT O, 515 0l L TGS RUN A, 8 2017 AR AR R0 4% RS O, MG Y
IR~ (AR XU ) ZNIHE AT I 2, 2% e DR 336 O, AT AR SE M2 #r, 45 R I3 2. 3R 2 ]
HLERT CO UK O ARSI Ah, e Sk [ e 28R S O, A Bam A Sk b NO, (PM, s J%
MRS O, ROAARSCH: Sl XS O, 5 IEA M. NO, 228 i O, i B BRI, 2Ol Ak 2% SO i 2
255 P, HE R R/ N R IBO LA R BRI O, e P2 A sl 4% s i IR I hl e vk
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®2 O HHE MM H HAHENE(R)

Table 2 The correlation coefficients of O, and other monitoring object ( R*)

> = .

W NO,/ co/ PM, 5/ A UE Ul i
Monitorine it , ( ) . Wind speed/ Pressure/ Temperature/ Humidity,/ %
n nems . b . - . 7 umidr

onitoring (pg'm™) mg+m (pg-m™) (mes) hpa € v/ %
0; 1 h/( pdg'm%) -0.796 -0.383 -0.733 0.960 -0.537 0.947 -0.939

gk — AT O W FE AR AL R AL M B, 45 A W ST B O, B AR AR AR 4K L, AR SCKs KR T 2016 4E A
2017 AFRJE T O /N e -5 KU £ s 4% 45 10— R4 T Ia 28500, 5 8 DL IR 8. DLI&] 8 WT%01,2016 4F-Fi
2017 4 O,V B 32 U] 52 i KB B AR — 350, 24 Rl DX XU ) g g XU, O, 3 3 AR X i s, 78 e AU IR 22
24 XU SR A XU PG b XU SRR Fh T A BT AR ik G L BETES 348 ke b 721 9 XU 205 35 e i 1) 3t 3858 Ry I
IF8] ) e S L DX, PRI T e B A R s 2 DA RS Rk 2t ok B R Bl s R B A O, B i AR i i
PR 2k B R R X, 5 B O, e B (i e
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Fig.8 O, concentrations corresponding with wind direction

3 %518 ( Conclusion)

(1) KT 20132017 4F O, ¥R JEH& R 2 E T3 FRIE 2017 45, O, W BE B AR A in Bl &2,
0,-8 h A4 K% 189 pg-m ™, #d [ 8 AR UE (160 pg-m™)0.18 %5, J& 74 W1 V- K V-
0.12 %, O, V5 Y15 1l H £ JB 8.

(2) KETTHRAE 6 H 24 O M BR8] —A4F A, O, Wk B H AR fbFE R | 5—7 BV FE AR, 15—
16 B H B/ NI  FBE WE( AS () s A7 O R R 28 A S IR T ) 0 s (o7 8 T3k Tl v (8 S 22 B0 ) IR
A 35 KRR Pl A A R R SO & R LRI A .

(3) MM TR, 0,5 NO, \PM, SR 2 R AR OC M, SR XGRS 0, 52 IEAH M. 25 XUl Sk e
AP ey AU, O e BE A, U B R TT O, R FE T i R T AR AR o , 38 5 SR Al AL i 6.

5% ik ( References)
[ 1] Bm, Betisr  ARAEDR, 45, KM 2015—2016 4E AT YFRHEST AT T]. FINICA 2= (BE2ER) L2018, 53(1) : 64-67.
HUANG L, DUAN S Y, ZHU J C, et al. Characteristics analysis of ozone pollution in Zhengzhou City in 2015-2016[ J]. Journal of
Zhengzhou University ( Medical Sciences) , 2018, 53(1): 64-67(in Chinese).
[2] %5 Ak o, 55, HUM T i i SR M BB AR AT [ 1] . P EIBRE RN 2017, 37(2) ; 443-451.
QI B, NIU Y W, DU R G, et al. Characteristics of surface ozone concentration in urban site of Hangzhou[ J]. China Environmental
Science, 2017, 37(2) : 443-451(in Chinese).
[3] Bk, FEr, 75,5, 2012 5 RN X BTEX 15 YRt 5 R AEH [ T]. hEREERIE,2013,33(5) :793-798.
YAO Q, HAN S Q, CAI Z Y, et al. The diurnal variation and ozone production potential of BTEX in Tianjin in the summer of 2012[ J].



8 1

VT :2013—2017 4 Ui 5 S0k i AR AL AR 1905

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

China Environmental Science, 2013,33(5) ;793-798(in Chinese).

Gy, B, TRBR AR, 4. T = A Ul DXl T 5 40T YRR S 52 PR 2R 40T [ 7] . BRBERE #2542, 2015, 35(8) : 2370-2377.

YI R, WANG Y L, ZHANG Y J, et al. Pollution characteristics and influence factors of ozone in Yangtze River Delta[ J]. Acta Scientiae
Circumstantiae, 2015, 35(8) ; 2370-2377(in Chinese) .

ZHANG Y N, XIANG Y R, CHAN L Y, et al. Procuring the regional urbanization and industrialization effect on ozone pollution in Pearl
River Delta of Guangdong, China[ J]. Atmospheric Environment, 2011, 45(28) : 4898-4906.

R B S5 R TN AT R A AR S G ST [ )] SRR, 2018, 38(1) ¢ 23-31.

HUANG J, LIAO BT, WU D, et al. Guangzhou ground level ozone concentration characteristics and associated meteorological factors[ J .
Acta Scientiae Circumstantiae, 2018,38( 1) :23-31(in Chinese).

PR, Bl R, 45, 2004-2015 AEJLRTTITVE T R SRR AR ARARAEL 1] BRIERLS 2016, 37(8) ; 2847-2854.

CHENG N L, LI Y T, ZHANG D S, et al. Characteristics of ozone background concentration in Beijing from 2004 to 2015[ J].
Environmental Science, 2016, 37(8) ; 2847-2854(in Chinese).

S HET, Fb , AE T R TS R RGO AT AT T] . BBEREA2EHR 2017, 37(11) ¢ 4241-4252.

WU K, KANG P, WANG Z S, et al. Ozone temporal variation and its meteorological factors over Chengdu City [ J]. Acta Scientiae
Circumstantiae, 2017, 37(11) : 4241-4252(in Chinese).

AR5, BRI 5/NS 4F . JURTHIX S ML X ST LU DFFE [ T]. BREERAE 2011, 32(4) @ 924-929.

MA Z Q, WANG Y S, ZHANG X L, et al. Comparison of ozone between Beijing and downstream area[ J]. Environmental Science, 2011,
32(4): 924-929(in Chinese).

XVE T XUBE, RIS, 45, b b DXXoF VL )2 A1 )22 B 4 B T SV RS 25 0 A AR R I [ 1) PRI RL 27 27 4k, 2018, 38(6) ¢
2214-2222.

LIU W W, LIU Q, CHEN Y H, et al. The temporal and spatial distribution characteristics of lower tropospheric ozone and sulfate aerosols
in Shanghai[ J]. Acta Scientiae Circumstantiae, 2018, 38(6) : 2214-2222(in Chinese).

B, W3, EU, R 2015 AF T LS EAR AR [ )] FREERLE,2017,38(12) ) 4976-4982.

DUAN X T, CAO N W, WANG X, et al. Characteristics analysis of the surface ozohe concentration of China in 2015[J]. Environmental
Science, 2017, 38(12) : 4976-4982(in Chinese).

TGS SR A ORI 48, R M X L Z D= I [ T] . SREER#F5TE, 2009, 22(1) « 23-27.

YUE T T, CHAI F H, ZHANG X M, et al. Ozone photochemistry in summer in Wuqing, Tianjin[ J]. Research of Environmental Sciences,
2009, 22(1): 23-27(in Chinese).

TR, E0 B IET A5 pUHSE DS A5 Y S SN 25 o0 A AT [ ] PR FR BN, 2017, 33(1) : 14-21.

CHENG L J, WANG S, GONG Z Y, et al. Pollution trends of-ozone and its characteristics of temporal and spatial distribution in Beijing-
Tianjin-Hebei region[ J]. Environmental Monitoring in China, 2017 ,,33(1) : 14-21(in Chinese).

SICARD P, DE MARCO A, TROUSSIER F, et al. Decrease in surface ozone concentrations at Mediterranean remote sites and increase in
the cities[ J]. Atmospheric Environment, 2013, 79 /705-715.

SEO J, YOUN D, KIM J Y, et al. Extensive spatio-temporal analysis of surface ozone over South Korea for 1999-2010 considering
meteorological factors//EGU General Assembly Conference Abstracts| C]. Vienna, Austria, 2013.

PFISTER G G, WALTERS S, EMMONS L K, et al. Quantifying the contribution of inflow on surface ozone over California during summer
2008[ J]. Journal of Geophysical Research: Atmospheres, 2013, 118(21); 12282-12299.

SAMUEL R S, PADMA K, MILTON B Bj et al. Seasonal variation of surface ozone and its association with meteorological parameters, UV-
radiation, rainfall and ¢loud cover over Chennai,India[ J]. Current Science, 2013, 105(5) ; 20-23.

2. R URT A T SRR BE AR L S S SRR R[] BB TR 241, 2015, 11(9) : 5545-5554.

WEN Y P, Temporal variations of surface ozone and its relations with meteorological parameters in Taiyuan City[ J]. Chinese Journal of
Environmental Engineering;. 2015, 11(9) ;: 5545-5554(in Chinese).

Rli e, SRIAT L T, 5. BRUL = A7 0 2 2 B S I I 2 M LR R DRI [ 0] P RESE  fR2F, 2010, 40(4) @ 407-420.

LU D K, ZHANG.Y H, SU H, et al. Regional ozone pollution and key controlling factors of photochemical ozone production in Pearl River
Delta during summer time[ J]. Scientia Sinica Chimica, 2010, 40(4) : 407-420(in Chinese).

TR, EEE IV, SR EX I AW [ )], BB ,2009, 18(3) : 944-951.

AN J L, WANG Y S, SUN Y. Assessment of ozone variations and meteorological effects in Beijing[ J ]. Ecology and Environmental
Sciences, 2009, 18(3): 944-951(in Chinese).

FroK, XUFAR A0, 45, BUN ML XS PR 2R X 3 RS MRFE T[], A4,2012, 38(10) : 1225-1231.

QI B, LIUS D, DU R G, et al. The characteristic analysis of climatic and environmental factors on the haze weather in Hangzhou[ J].
Meteorological Monthly, 2012, 38(10) : 1225-1231(in Chinese) .

FEUK AL, T2 8, A5 HOM M O SN R A AR AT ) ] BRBEALSE 2015, 34(1) ; 77-82.

QI B, DU R G, YU Z F, et al. Characteristic of atmospheric fine particles concentrations in Hangzhou region [ J]. Environmental
Chemistry, 2015, 34(1): 77-82(in Chinese).

FEAS REBOR RS, AR, Rt Z R R TS e A AR E MG R R[] SRR ITSE 2013, 26(1) ¢ 43-49.

YAN R S, CHEN M D, GAO Q X, et al. Characteristics of typical ozone pollution distribution and impact factors in Beijing in summer[ J ].
Research of Environmental Sciences, 2013, 26(1) : 43-49(in Chinese).

LIU S C, TRAINER M, FEHSENFELD F C, et al. Ozone production in the rural troposphere and the implications for regional and global
ozone distributions[ J]. Journal of Geophysical Research: Atmospheres, 1987, 92. 4191-4207.





