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Abstract: To investigate the impact of sea-land breezes on PM, s and O; pollution in coastal cities, the observation pollution and
meteorological data of China National Environmental Monitoring Centre and ERAS hourly data from 2016 to 2020 were analyzed to
elucidate the influence of sea-land breezes circulation characteristics on PM, s and O; levels in the coastal areas of Tianjin. The
results showed there were 411sea-l and breezes days between 2016 and 2020, the sea-land breezes circulation frequently occurred
from April to September, with the lowest frequency in December. The variation in seasonal characteristics of sea-land breezes
circulation led to different impacts on PM, s and Oj; levels. Land breeze circulation leads to PM, 5 accumulation in coastal areas, and
sea breeze circulation has a certain diffusion effect on PM, 5 in winter. Sea-land breezes circulation change the distribution of Os in
coastal areas, resulting in reduced valley values and increased daytime peaks of O3 The peak concentration of O; in urban, suburban,
and coastal locations were 4.1,8.9,16.0pg/m> higher than the average peak value. The influence on peak value decreases as the
distance from the coastline increases. A total of 94days of PM, s and O; combined pollution from 2016 to 2020, and sea-land breezes
occurred during 17 of these days. On PM,s and O3 combined pollution days with sea-land breezes, land breeze circulation
transmitted PM, s from the central urban area to the coast, while the sea breeze exhibited a scavenging effect on PM,s. The
photochemical net decomposition rate of O; during land breeze circulation was higher than those days without sea-land breezes,
while the photochemical net generation time of O; was longer during the sea breeze circulation. The effects of sea-land breezes
circulation on O; and PM,;s reduced the frequency of PM,s and O; composite pollution. Sea-land breezes' transport and
redistribution of PM, 5 and Oj; to coastal areas have a complex impact on regional pollution.
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i W R el XA XAl iR
2016 76 67 63 170 158 145
2017 67 64 61 202 184 182
2018 55 54 52 210 197 182
2019 54 52 51 212 209 184
2020 50 48 50 195 190 175
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Table 2 Sea-land breezes in 2016~2020

HiH e S 2 = N 0= I 2 5 Hit

2016 4F 65 103 108 67 23
2017 4E 88 103 90 51 33
2018 4F 83 127 91 45 19
2019 4E 89 110 73 65 28
2020 4F 86 120 82 55 23
R 411 563 444 283 126
B 23 31 24 15 6.9

TR (%) = KB 2016~20204F 5 K E(d).
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Fig.7 Hourly concentration difference of PM, 5 and O; between sea-land breezes and other days

W
(=3

HAbR

R R

— [3*]
(=] (=)
.
-
Al
z
=i

(=]

AOx pg/(m3-h)
S
=
e

20k o, o, E® L e
S ® O O O ®
T TP FIFEFTE S
B %1
8 R R S E V53 H AOx HAZ 1L
Fig.8 AOx in sea—land breezes and other days with PM, 5 and

O3 combined pollution

3 it

3.1 2016~2020 il RHILA 411 IR KR AAZ
23%,6~9 ]I 5 Gy t I il BRI, 12 ) 43 i ot R
AR IAR HE R H AR 31%, 2045 T 3~7 A4k
KH G 24%, F ZAEKERA AT e H 215
BRI EE 15%;

3.2 R PMys UEAE I [H] 5088, il MR V25

PM, s {EVH DX SR 2, U XA 0 VB IX. PM, 5
V5 YA B R A SRS S K TR e, B
o R H PM, s H ARSI FERR /DN it AU H 28 S8 i
LR RAT PMys B 5 R 8 Il R i 25 o0
WL O3 0 A1 LAl O3 A3 BEAR HUg A 5 =,
W AT B S R 2 O5 WEAEIR B 200 11
WAL 4.1, 8.9, 16pg/m’, 5 [il; KUK (2 1) 5% i A
It A S 5 AT 8 P 0 11 1 R R O 5 1 XL H i
JRCH T T3 3 2/ P Bl XA B, B 08 6 T 1 XL
B3k DX 75 e IR B A H - O5 WA 2 $E AT, T IX
i RRIX RV i O3 VIR FEAR TP 34 IR A 49,
41, 32pg/m’ ZEAEAK U /b, 2 W Bl XU S 4 T A i
FREG T O /K B .

3.3 2016~2020 “F[E]HLA PM,s Al O3 BTG4 H
94 K, % HILE 4~9 H Rk R 575 9 H v i
RIRGRE PMa s b1 A3 DX A% % 22 Wi, 1 B PM s
(10 223 i) 22 S5 43 A, 1 PR L T XU i i 485 77 190 75
YA A PMys 3 BE BB/ T g IRVt )



5086

o[ F

ST
5%

B

43 %%

TR PMy s AR BRAE LR R R S5 3¢ H
[fi RIATRI O3 e 27 14T A B A5 i, i A L IS
TR AR O5 I TR)RFEE S A AR AU I X IR
159 H O3 VEA HY BILIN 8] 48 Ji5, 05 VW AEIR P4 ey, i 2
HHE DI O3 V5 44K

ERpds

(1

2]

B3]

[4]

[3]

[6]

(7

(8]

[

[10]

(1]

DU B R R, E LA AP AN LI ST PM, s fil O5 A8 40K
AEE T (1] P EIREREE, 2021,41(9):3981-3989.

Luo Y H, Zhao T L, Meng K, et al. Comparative analysis of the
relationship between PM» s and Os in plain and mountainous cities in
North China [J]. China Environmental Science, 2021,41(9):3981—
3989.

Feng Y Y, Ning M, Lei Y, et al. Defending blue sky in China:
effectiveness of the "Air Pollution Prevention and Control Action
Plan" on air quality improvements from 2013 to 2017 [J]. Journal of
Euvironmental Management, 2019,252:109603-109615.

Lyu Y, Ju Q R, Lv F M, et al. Spatiotemporal variations of air
pollutants and ozone prediction using machine learning algorithms in
the Beijing-Tianjin-Hebei from 2014 to 2021 [J].
Environmental Pollution (Barking, Essex: 1987), 2022,306:119420-
119429.

Ma X Y, Jia H L, Sha T, et al. Spatial and seasonal characteristics of

region

particulate matter and gaseous pollution in China: implications for
control policy [J]. Environmental Pollution, 2019,248:421-428.

B VPTG IEHIX PM, s-05 B4575 JRFIE R4
IR [J]. H ESREERL, 2019,39(7):2730-2738.

Mao Z C, Xu J M, Yang D D, et al. Analysis of charasteristics and
meteorological causes of PM,s~0; compound pollution in Shanghai
[J]. China Environmental Science, 2019,39(7):2730-2738.

SR RE SR W], AE . 2016~2018 A o [ 3 T SL AU BE I A 2K
A (], ERER, 2020,40(5):1963-1974.

Zhou M W, Kang P, Wang K K, et al. The spatio—temporal aggregation
pattern of ozone concentration in China from 2016 to 2018 [J]. China
Environmental Science, 2020,40(5):1963-1974.

Zhao D D, Xin J Y, Wang W F, et al. Effects of the sea-land breeze on
coastal ozone pollution in the Yangtze River Delta, China [J]. Science
of the Total Environment, 2022,807:150306.

THRAE W R, %.2015~2019 4F H T PMa s KR LEGAE
L LRI T (0], P E RS, 2021,41(9):3969-3980.
Wang Z J, Huo J, DuH Y, et al. Long term characteristics and potential
sources of PMys in Rizhao City from 2015 to 2019 [J]. China
Environmental Science, 2021,41(9):3969-3980.

Brook J R, Makar P A, Sills D M L, et al. Exploring the nature of air
quality over southwestern Ontario: main findings from the border air
quality and meteorology study [J]. Atmospheric Chemistry and
Physics, 2013,13(20).

Lu X, Chow K C, Yao T, et al. Seasonal variation of the land—sea
breeze circulation in the Pearl River Delta region [J]. Journal of
Geophysical Research-Atmospheres, 2009,114:17112-17125.

TIPS , 00 20 5 3 iy AT 5 08 A5 2 [ e = M g o X 2 AR AIE
[7]. 5%, 2013,39(2):186-193.

Qiu X Y, Fan S J. Progress of sea-land breeze study and the
characteristics of sea—land breeze in three coastal areas in China [J].
Meteorological Monthly, 2013,39(2):186-193.

[12]

[13]

[14]

[15]

[16]

[17

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

XuJ ], Jia HW, Zhou H Y, et al. Influences of offshore background
wind on the formation of sea-land breeze and the characteristics of
pollutant diffusion [J]. Environmental Science and Pollution Research,
2021,28(48):68318-68329.

Huang W R, Chan J C L, Wang S Y. A planetary—scale land—sea breeze
circulation in East Asia and the western North Pacific [J]. Quarterly
Journal of the Royal Meteorological Society, 2010,136(651):1543-1553.
Hu Y, Tan J G, Grimmond S, et al. Observed and modeled urban heat
island and sea—breeze circulation interactions: a Shanghai case study
[J]. Journal of Applied Meteorology and Climatology, 2022,61(3):
239-259.

Bei N F, Zhao L N, Wu J R, et al. Impacts of sea-land and mountain—
valley circulations on the air pollution in Beijing—Tianjin-Hebei
(BTH): A case study [J]. Environmental Pollution, 2018,234:429-438.
EMRGIS B, H0 G, 5 LT XU 2 T 3 BRI 2% K i XU
SERIFFAL [J]. RREIREERIE, 2021,44(5):71-78.

Wang D C, Qiu C, Dong X G et al. Temporal and spatial structure
characteristics of sea-land breeze based on wind profiling radar data in
Penglai, Shandong provinc [J]. Meteorological and Environmental
Sciences, 2021,44(5):71-78.

Mok, it B, AR A B S BT WRE B 571 11 Il RS E 40 A7
[7]. KAFRFA2AR, 2019,42(3):459-468.

Yang S B, Xie F, Li M Q, et al. Analyzing the characteristics of sea—
land breeze in Jinjiang based on WRF simulations [J]. Transactions of
Atmospheric Sciences, 2019,42(3):459-468.

XuJ W, Huang X, Wang N, et al. Understanding ozone pollution in the
Yangtze River Delta of eastern China from the perspective of diurnal
cycles [J]. Science of the Total Environment, 2021,752:141928-
141938.

Hu B Y, Liu T T, Yang Y X, et al. Characteristics and formation
mechanism of surface ozone in a coastal island of southeast China:
influence of sea-land breezes and regional transport [J]. Aerosol and
Air Quality Research, 2019,19(8):1734-1748.

Wang Y, Guo H, Lyu X P, et al. Photochemical evolution of continental
airmasses and their influence on ozone formation over the South China
Sea [J]. Science of the Total Environment, 2019,673:424-434.

Wang H, Lyu X P, Guo H, et al. Ozone pollution around a coastal
region of South China Sea: Interaction between marine and continental
air [J]. Atmospheric Chemistry and Physics, 2018,18(6):4277-4295.
Liao Z H, Xie J L, Fang X Q, et al. Modulation of synoptic circulation
to dry season PM;s pollution over the Pearl River Delta region: An
investigation based on
Environment, 2020,230.
In't Veld M, Carnerero C, Massague J, et al. Understanding the local

self-organizing maps [J]. Atmospheric

and remote source contributions to ambient O; during a pollution
episode using a combination of experimental approaches in the
Guadalquivir valley, southern Spain [J]. Science of the Total
Environment, 2021,777:144579-144596.

Geddes J A, Wang B, Li D. Ozone and nitrogen dioxide pollution in a
coastal urban environment: the role of sea breezes, and implications of
their representation for remote sensing of local air quality [J]. Journal
of Geophysical 2021,126(18):¢2021JDO
35314.

(S 5 7 § PR 7 B b e 1) e 2 L DR 2 7 e 42
W [J). P EEREERRE, 2022,42(4):1552-1561.

Xiao B, Jia H W, Xu J J, et al. Effects of land and sea breeze on
pollutant diffusion in northern Shanghai [J]. China Environmental

Science, 2022,42(4):1552-1561.

Research—Atmospheres,



10 3

VPHEZE SR, SRR UGN R R T PMy s 55 O3 B A575 QIR NIk

5087

[26]

[27]

(28]

[29]

[30]

B1

(321

[33]

[34]

[33]

Zhao H, Chen K Y, Liu Z, et al. Coordinated control of PM; sand Osis
urgently needed in China after implementation of the "Air Pollution
Prevention and Control Action Plan" [J]. Chemosphere, 2021,270:
129441-129452.

AL MRAE2013~2019 SERIE TR A5 Y5
[7]. FERHE, 2021,34(1):51-54.

Guo X, Li HL, Li R, et al. Study on ambient air pollution in Tianjin
from 2013 to 2019 [J]. Environmental Science and Technology, 2021,
34(1):51-54.

TP FE ARG 0] N A5 A Il PR IE A VA JRORE R U [
Bgl (3], EIREEREE, 2019,39(4):1427-1435.

Shen A, Tian C Y, Liu Y M, et al. The influence of sea salt aerosols on
atmospheric environment under sea—land-breeze circulation: a
numerical simulation [J]. China Environmental Science, 2019,39(4):
1427-1435.

e A R W, V) B KGR O VA R R (D). AR,
2013,41(1):97-102.

Gao J Q, Miao J F, Xu Q H. Research on progresses in methods for
identifying sea and land breezes [J]. Meteorological Science and
Technology, 2013,41(1):97-102.

Bl B, VP T B O R A8 BRI RE KSR . RS 5RO O5
fRsgm 7] opEFREERRE, 1-14,

Mao Z C, Xu J M, Qu Y H, et al. Classification characteristics,
circulation background and its effect on O; of land and sea breeze in
Shanghai [J]. China Environmental Science, 1-14.

W 2L, AR S i T, A MR KON R T PMas I O3 JSTER IR [
S [0]. SRR, 2019,32(3):390-398.

Meng LM, Li Y H, Han S Q, et al. Influence of sea-land breeze on the
concentrations of PM,s and Os in Tianjin city [J]. Research of
Environmental Sciences, 2019,32(3):390-398.

MBI ML TR A T = 20 ] PM s SO VPG
[J]. H8Ek, 2023,44(6):3054-3062.

Xiao Z M, Xu H, Cai Z Y, et al. Assessment of emission reduction effect
of major air pollution control measures on PM; s concentrations during
13th Five—Year Period in Tianjin [J]. Environmental Sciences, 2023,44
(6):3054-3062.

ELIH AL T, B, A5 B e A 58 8 17 0 1) JH i Ty R R
JFEEHE (7] PR TR AR, 2022,12(3):701-709.

Meng L H, Hao J, Qiu X B, et al. Boundary layer characteristics of
heavy pollution process in Tianjin during the epidemic period of
COVID-19 [J]. Journal of Environmental Engineering Technology,
2022,12(3):701-709.

A, RS 1, S L AT AR AR LA R R R AR AR A
[0]. HEFEIRNE, 2022,42(5):2015-2024.

Li TY, Chen J Y, Weng J F, et al. Ozone pollution synoptic patterns
and their variation characteristics in Guangdong Province [J]. China
Environmental Science, 2022,42(5):2015-2024.

BN B SR, i SOHR A5 A 1 DX B RUREAIE B N PM s
A O3 WRFZHISEMARTFT [7]. AR AR, 2022,42(9):339-350.
Sun L, Tian W S, Zhang W Y, et al. Characteristics of sea—land breezes
and their impact on PM; 5 and Os in Shanghai and adjacent areas [J].
Acta Scientiae Circumstantiae, 2022,42(9):339-350.

[36]

[37]

[38]

[39]

[40]

[41]

[42

[43]

[44]

AR 5 2017 AETR MRS KR AE 5 A A7 2R YA
WERAR )] AREHEAR, 2020,36(3):33-40.

Wang H, Zheng Q P, Hong Y W, et al. Characteristics of sea-land
breeze and its relationship with pollutant concentrations during winter
and spring in 2017 in Zhangzhou [J]. Journal of Meteorology and
Environment, 2020,36(3):33-40.

AU REEMW, 0 A IR T R R PR IR A SR
UYBIIESE (). P REERE I, 2022,38(5):56-64.

LiY, Lu Y B, Bai Y, et al. Study of meteorological conditions and
weather types based on ozone pollution characteristics in Tianjin [J].
Environmental Monitoring in China, 2022,38(5):56-64.
HHBRENE IR PMas HEE B R R Z B K
L2534 (1), P EFR R, 2021,41(3):1014-1023.

Dong Z C, Xu Z J, Wang S, et al. Diurnal and seasonal variations of
nitrogen contents and isotopic composition of total nitrogen in PMy s
in Tianjin [J]. China Environmental Science, 2021,41(3):1014-1023.
Miao Y C, Li J, Miao S G, et al. Interaction between planetary
boundary layer and PM; s pollution in megacities in China: a review
[J]. Current Pollution Reports, 2019,5(4):261-271.

FORY B AR T R XURFIE S AR
MR (3], b EERERLE, 2016,36(11):3263-3272.

Wu M, Luo Y, Wu D, et al. Observation on the characteristics of
sea—land breezes and its influence to air quality over Pearl River Delta
region during dry season [J]. China Environmental Science,
2016,36(11):3263-3272.

W T, AR MG, A5 i S X SR AU 2 A AR AE R L
WREEASSE [J]. hEFREERL2E, 2021,41(11):4999-5008.

Yao Q, Ma Z Q, Hao T Y, et al. Temporal and spatial distribution
characteristics and background concentration estimation of ozone in
Beijing-Tianjin-Hebei region [J]. China Environmental Science,
2021,41(11):4999-5008.

IS, 2 0, B.50 Aok rh [EUR AU R IN AR AE [0,
BIFREERN, 2022,42(7):2977-2987.

Xie J H, Li S, Xiao Z Y. Investigating the temporal and spatial
variabilities of total ozone over China for the past 50 years [J]. China
Environmental Science, 2022,42(7):2977-2987.

il AL AT R, A B R B AURF AL B T SRS AR B D 5
[J]. FREGIMAE B 540K, 2019,31(3):17-21.

He L, Shu J, Zhong F Q, et al. Characteristics of sea-land breeze and
its impact on ozone concentrations in Shanghai [J]. The Administration
and Technique of Environmental Monitoring, 2019,31(3):17-21.

BT 3O, S TR U AR A TR R X PM, 5
TGRSGIRH T (1], FRBEREF, 2022,43(5):2373-2382.

Hao J, Cai Z'Y, Han S Q, et al. Research on causes of severely polluted
weather in Tianjin based on process analytical technology [J].
Environmental Science, 2022,43(5):2373-2382.

BUSH: AHFSC SR A R T 2 B AR T R X A A IR B
By 5% 180, 70 I % kg

TEB BT : VFS(1999-), 22 LI & A B FF 22 W L F 9, 1 0y
i) A KA LA RBURL ) R iEATE 7T . xy zhebei@163.com.



