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Abstract

The statistical characteristics of ozone concentration and the meteorological conditions of
ozone pollution in the last five years are analyzed by using the monitoring data of 10 aerosol
stations in Changsha and the meteorological data of Changsha National Meteorological Station
from 2015 to 2019. The conclusion is as follows: (1) The days of ozone pollution, annual average
concentration of 03-8 h, 03-1 h are both showing an increasing trend year by year in the last five
years; the ozone concentration is the lowest in winter, the second in spring and the highest in
summer and autumn; the monthly variation of ozone concentration shows the characteristics of
single peak distribution, and its peak concentration mainly occurs in August or September every
year. (2) The peak value of ozone hourly concentration is mainly at 13 to17 o’clock, and the val-
ley value appears at 7 o’clock; the peak concentration of Nitrogen dioxide is around 0 o'clock at
night, and the valley concentration is mainly between 13 to 17 o’clock, corresponding to the
peak concentration time of ozone. (3) The basic meteorological conditions of ozone pollution
are sunny days without rain, wind speed between one to two grade, sunshine of more than 5.5
hours, and maximum temperature between 28 to 37 centigrade and the favorable meteorologi-
cal conditions are sunny days without rain, wind speed between one to two grade, sunshine of
more than 9 hours, and maximum temperature between 30 to 35 centigrade. (4) In the ozone
pollution days, the average temperature and the maximum temperature are higher than the
non-pollution days, the percentage of rainy day is only 12%, which is about 34% lower than the
non-pollution days; the average sunshine hours are more than 9 hours, and the minimum rela-
tive humidity < 40% is more than 50%, which is far greater than the non-pollution days. The
average wind speed and the maximum wind speed in the ozone pollution days are also smaller
than in the non-pollution days.
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L W5 2 i T B R R BRI R o R B A A T SRR AR A 13] [14], 31X 3 B A i e (e dE e ik 2
SSIHEAT o BEAN, AHXHEEE[15] XUHRT XA [16]#8 4 S ma i i SR T . SR, RIS R K
GRSEZUE T3 SR (RSP

AR 2015~2019 SERVD T RN Lt , Geit REAMREARMRAE, I REAKRERL S5
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2. BEFKRSTFE

AR P R ARG P Bt SRR T 0 A AE K VDI X 1 10 AN IRty 5 1) W et (LA i P o B L6 1),
RRERBIERE T KD E R IREAS Gk (55 57687, 28.1°N, 112.8°E) Az Ay 2015 45 1 H 1 H~2019
%12 A 31 H, BdECHHTHEE, BB T ERUE. S R AR EARHE R R A S NG O, )
PRI HAE, R . ARGt BRI 2. AP ANSHAREE  H AR GRRAE
WUISR FH 7N 250805 43 4% 0~23 B I 128 /NB EAT Gevt o SRR IS YGRS AT, ) 32 B 0 Hh LA
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Table 1. The location of ten aerosol stations in Changsha
F 1 Kb 10 MRIBRERVE

PR 2 EE(CN) ZE(E) HrigIX
W 28.4 113.0 FFARIX
Kb 28.2 113.0 e
FTEIX 28.1 113.0 FTEIX
WIF IR 28.2 112.9 ERX
HRIE 28.2 113.0 FAEIX
e 28.2 1131 FHIX
FIITIX 28.2 112.9 EREIX
ZIFIX 28.2 113.1 Kb £
FbrX 28.1 113.0 R X
W E R 28.1 112.9 ERX

3. REREGIHFE
3.1.2015~2019 {EREREEH T
54N Oz 75 4 HE (1) 05-8 h TR . Os-1 h FE IR E(E 2) RIBF b #ass, Hep
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Figure 1. Days of ozone pollution from 2015 to 2019
[ 1. 2015~2019 FRESEAK

Table 2. Days of ozone pollution and annual average concentration of ozone from 2015 to 2019

% 2.2015~2019 FRESEHB R FFKE

wyy  kAE OTRIEOougnpiigr  oeLh I O-8h IO 90 FA
) ea i i (ng/m’) (ng/m’) H(ng/m?’)

2015 106 13 0 78.6 95.0 147

2016 99 22 1 84.4 101.2 149

2017 103 22 3 90.2 106.9 153

2018 66 31 4 98.1 114.9 161

2019 90 44 3 95.7 1117 171

FLAEN 058 h 4TI E. 051 h PR EELE 2018 SEiABIf A M, 2019 SERE K. (AEIES
R H ARV G CRAT)VHLE , 2430 —4E 9 O3 Kk 8 h I 3 P 348 (1155 90 1 43 Ak B KT 160 pg/m®
BPZI T AR VPN 25 AR . I\ O5-8 h 4F-FIJIR LR 90% - i fHF , 2015~2017 4F, SLEEIKE/NT 160
ug/m®, i 2018 4. 2019 4EELAHKFE (1) 90% O (43 ik E 161, 171 pg/m®, AR EGEEIRED -

3.2.2015~2019 FREREFHTHL

2 B AN B3R T Ak 2 OB R BEIE, 2015~2019 4F B4 H S E Mk BB A AR R (R
# 3)e WNREEIHECRE, RAGRFEEPEIKTTY, XE5REMEBVIAK, BEKEFETRMH
HAMESRE, ASREANCIE NI . AT RIS, HFENIBE AT Y. Mt
T#HZ, 2015, 2016 FR M REITY, (B2 2017~2019 EHEZLMPL T REJ5H, Hrhbl 2017 £F
Fi%, 1F 11 K, X5 2017 FHEFIEFHME. HERWZ 1S5RS A L. NRARERIERE,
AFEREREERAL, HAUFEAZBHIRERN; FRRe, ERFENRE, HhEFEREKRERS, JFH
FAE P R AN IR . BB B Rk AR T FAE RS IR, (BN A RS
RHEILEZEZ 18 K.
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Table 3. Seasonal average concentration of ozone and days of ozone pollution from 2015 to 2019
2 3.2015~2019 FREFFINRERTRBH

= CES wE 2%
U ok OuERH  OukIE OuSRH  O.KkE  Osi5H s T i ORCTAEE]
(g’  H(R) (ng/m) H(F) (ug/m’) H(F) (ng/n’) %)

2015 69.6 0 101.1 8 97.0 19 46.3 0

2016 87.6 0 112.1 12 83.6 12 545 0

2017 102.6 11 104.8 8 92.2 9 60.8 0

2018 105.5 9 128.9 16 105.0 12 52.8 0
2019 93.9 6 124.8 16 118.0 25 45.4 0

33. REREARENK

Sttt 2015~2019 4 RAR H PR E G AT 5, TN, SRR EER H AR KR BRI B o) A1
(KR L, BEEIN) 4~10 A ON BRI R B I], JL VAR 1 2 M BUAE R 4R (1 8 A 9 H, EERIAFET 84
9 H R E AN R AR T A A 4y, 2019 4F 9 H SR NIT AR R, TA% 166.2 ng/m’.

Table 4. Monthly average concentration of O3-8 h from 2015 to 2019 (unit: pg/m®)
3% 4.2015~2019 £F O5-8 h iKE BRREW(BAL: ng/md)

JER/) 2015 2016 2017 2018 2019
1 44.0 37.3 52.7 46.8 39.9
2 62.1 76.6 734 76.3 46.4
3 44.9 776 63.1 87.5 76.0
4 79.9 87.8 110.6 1105 93.1
5 83.9 97.4 134.2 1185 1125
6 70.8 107.5 95.6 128.9 1133
7 108.1 105.9 1116 122.9 116.3
8 124.5 123.0 107.3 135.1 144.8
9 130.1 144.0 1195 126.4 166.2
10 122.4 64.0 88.2 121.0 100.4
1 38.6 428 69.1 67.7 87.4
12 328 49.7 56.2 35.2 49.9

34. K& NO/MHREHEUR—EHNXER

PRI R UL SR S0 e (RS SR SR H AR AR, BT LB 2015~2019 £F Py SRR it — b v
BRAB (R FZT5 % S DL L) B 143 ASREACSR 0 #5480 H N AR B B AR . Kl br i 143 RITH A 1 h °F
BRI BEBCF BB E NN ARER, BL 24 h REARRRVE I (K 2), AT 45 SLAR/ N 5 P 24 {E 1)
24 h LI EL, [R5 NO, /NRIR BEAAL (1] 3)EAT XS B At e IS RI R Osy NO HI/INI - E59 A H
W IR AT . Of W E I T EAE T AE 13~17 W 2 (0], WREEARAE T 2AE 0~7 I, 7 WA {E. NO,
AIAME IR LB AE 13~17 I, 5 Og UR(EIR LM (RIS 2, AR IR BE HE IUAE AR B) O T . kvl 0,
H R RHELE RS, Os IREEAWTTT i1, 5 ULFIIN BT AY) NO, (K BEIZHTF#AK, Jf7E 15~16 A3
O i LB T NO f5fI%, Ut WL 2 O3 A2 Rt 1 27 S 7 g A ) B B
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Figure 2. Ozone hourly concentration variation in ozone pollution day from 2015 to 2019
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Figure 3. Ozone and Nitrogen dioxide hourly concentration variation of daily variation
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4. REWIBSRSREHSH
41 REBIFEAPSKETFHES

i1t 2015 4F 1 H~2019 4 12 H KD X HILAIIE 143 DN REAEGEPRIIFEAH, 0T K. R
. HE, 2SS 2B RNEHEE. W20 En, RERES LRGSR ERI A MM A,

W H T RAM AR 3 RS2 BB A TR AR

IS
o

AHF, FANTRERERDAXE, TR AR I AR
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Table 5. Statistical characteristics of meteorological data corresponding to ozone pollution samples

5 RESEHAMNNSKEZRZIFE

TEAE  RESR BOMRE THesE CFRREE S BkE THXE BERE

(<) () (%) (%) (%) (mm) (m/s) (M)

RAE 32.6 39.1 70 10 8 25.1 6.0 12.7
90%%3 L 30.6 37.1 53 9 4 0.5 37 115
75%53 i 28.8 35.0 47 7 2 0 2.7 10.9
50% 43 26.0 32.2 40 4 0 0 17 10.1
25%43-ir 24.0 30.2 31 1 0 0 1.2 8.7
10%%3 iz 21.7 28.3 24 0 0 0 0.6 5.7
w/ME 175 23.7 15 0 0 0 0.0 0.0

4.1.1. BEIK
AR A I TSI AR, 143 MEATICE 17 MEAG K, HILP 12 AR H IR
I E > 8 /N, R WIFEMT A RE A M BUAERLA], W “EREK” R R AR RIS A AT

412. 58

LS IVR BE WA — M R IRAE 13~17 B, 5 oy I HH L ERT ) B DT T, BT 0bt 3 B2 DA v SR AR
SURFERR . MGETHEE R AT AL, 50%HIREA(25% i ~75% 3 1) 0 A T 30.2°C~35.0°C, BEIX [A)FEA % 5 fx
K, FRMERIFIIXIE: 80%IHIFEA (10%73 37 ~90% 73 17) 73 4ii T+ 28.3°C~37.1°C, i Bl e i <UL AE 28°C LA
NEL37CLL R, R/ IR A AR I DL

4.1.3. HEXHEE
0% I RE A Bt /IMESHE E 0 AT T 15%~53% 7], 50%IKIRE A B /IMESHEELE 40%LL T . /b3,
B/ INFHAHR /N T 53% /2 SLAUBAR I IEAR SR E, /NG /N T 40% 72 BB AR I 26 1F

414. =E

FHTERZEAREZERNER. N TREE, T5%HERSNT 0~7 M, MNBREEZ =, A
EEAEE S, N RaE, 0%HFEARDMT 0~4 K, XSNER, HAEERS~ER . W “BR”
o “BERIAIZ =7 &SRB FEAR A .

4.15. RE

DL KGE A G0 5, 48%IIREA r 4 T 0~1.5 mfs, B 1 Z%JX, 37%MIFEAS 6T 1.6~3.3 mis,
BI 2 B ROEBNEE, ACSF 8ok 2, AR T AR B 1Kk H] 3 44(3.4~5.4 m/s)
o DL, B R AR AR Y, EEE R ERM N, AR R EGE AR S L .

416. HR

143 ANFEAH, AUH A MFEARB BN 0, {UF 11 MEARH BRTE 5 /NSFELT, 15% (10%4537~25%737)
[IFEASAE 5.7~8.7 /MY, 38 5.5 /INF DA b (1% H RIS ] 2 S AU RE AR IR R AR 2 s 75% (25% 43 f7.~100% 43 f7)
FIREAS AT T 8.7~12.7 /INIF, B 9 /N DL 1) H Ik ] /2 Eb e A R iR 61

25 b 4.1.1~4.1.6 H PR, SEAEARKERTIGFM N BRILM. KK 1~2 %, HIE 5.5 /LA
B BEAUR 28°C~37°Cs MIARAREM N BRI Kk 1~2 2. HIR 9 /ML B &R
30°C~35C.
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4.2. REIFSERASESRANSRERM LS

T4 4~10 H R SRS R B R ZE7T. B 2015~2019 4 4~10 H o NSRS S HREES L H K
K, FAIGRFEA 143 4, ARG YAEA 928 4, DTN RIFEA R TR E R I Z 5+ (K 6). RATTHHN,
R AN R IR ARG G H L, MBS e B 129%, 3RS e HWARZ) 34%. RIS %H
% LS R O9 3, ~1 2 H I e 9 /N BLLE, e MEXHEE. < 40% 45 LEEE 1 50%, KRG 5 H .
P45 AR K R 242 SR AR5 e H /N TR B H - 32 2R DO RGBSR I A A 15 R 8 oS
B, AT KA B NNW, B2 22 5%

Table 6. Comparison of meteorological data in 0zone pollution days and non-pollution days in April to October from 2015

;?%wﬂms¢bmﬁiﬁﬁ%55$%%5ﬁﬁgﬁﬁww
RRER Os754«H 4k O35 % H
SFHSIE(C) 26.2 23.1
B (C) 39.1 38.3
M H 5 H (%) 12.0 45.8
H i/ MHATHR S <40% 5Lk 51.4% 9.5%
S8 R (mfs) 1.9 2.6
B R HIE (mis) 14.3 15.4
BN NNW NNW
P H BRI () 9.2 43
5. R

1) 2015~2019 4, O3¥54«HAL. O5-8 h F-FIJIKE . Op-1 h F--FIYIRE RIIFEHIE %, Hep
S5 Y HACR O 2R s 18 s s SRR RO B R AR AE, AT RAEIRE L, HARML
MREER /N HERZ, ENEN R, HHEFRAIRERS, MKEREERH8E TESE, RAK
£ B AR R AR R B B0 o A O A, AR 4~10 AN EIRE I, SO I £ E I B
T8 HE 9 H, FEFERET 8. 9 HIRAM ARG H BT HALH 4, 2019 4 9 H RAMKE AL
FAE R, 155 166.2 pg/m®,

2) O3+ NO, f/INF IR BEAE H N5 R E G 3 A o O3 WE(EIR B = B4R TR F 13~17 B 22 [A], IRFEAR
HEELE 0~T I, 7 RBE. NO, A EIKEE EEE P TE 13~17 I, 55 Og WEAE AR FEI [N, IEAEIK
FEHIAER R O B AT fS o BHUCTT AT, HHETECRBIEAIER T, O IREBEAWF =, 5It[FRIRET44 NO,
FRIIR BE BT PR, JEAE 15~16 BHEF] Oz MR B il NO, B, Ui BH LKA 2 Og A2 B 61 2 S o7 5 HE g%
(I B

3) RAMIRHIFAS LN BREN KIE 1~2 2. HI& 5.5 /L L £l 28°C~37C;
BRSEEMN: BREN. KE 1~2 2. HIR 9 /ML L. FE iR 30°C~35C.

4) RABYEHPW, PHAEMRSSRIAES R HE, WHBT S A2 L 12%, SRS 3 H Rk
29 34%., RASRHZ DGR AL, TP HRN AL 9 NN LLE, B/ MAEXHERE < 40% & Ll |
500, K TIETGHH o T3 RO AR R ROE S 2 RAA5 G H/ANT RS Qe H 2202 R KU ORI 2
AR TSGRy BORE R, 1S RUA R Y NNW, BB ZER.
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