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pgem ) SEEHLZRAAE R (RF) A4 [FJAFER (KRR ) M HE, Ha?ﬁ(iztt%ﬁ’ﬁmﬁ%uﬁ TN HEE (15 XGBoost 151 AL
ok R S MR M (RF . R® 24 0. 864, RMSE 4 12. 387 pg-m~>; KRR:R® 24 0.582, RMSE 4 23. 1 pg-m ™) HERE
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Estimation of Surface Ozone Concentratlon and Health Impact Assessment in* Chlna
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(1. Aeddemy of Dlgltdl ,Ghmd( Fujian) , Fuzhou 350003, Chmﬁ 2 1g1t'd1 Reglon Engineering Teehnologv Besedr(h Center 1 in Fujian Province, Fuzhou' Univ elslt} Fuzhou
350108 China; 3. Key Laboratorv of Spatial Data Mifiing & Informatlon Sharmg, Ministry of Education ,+Fuzh 1qd‘ Universitys Fﬁzhou 350108, China) r ’

Abgstract: Within the context tof PM,  concentrations decredsmg annual}gr, ozone cohcenlrations have increasedl instead of decreased, Jand ozone has become one of e main
pollutants irl the warmseason in China. Based on the idea of big datA assaciation anal\ sis}, the extreme gradient boost'ﬂlg (XGBoost) ozone concentration estimation model was
conistrugted and deVeloBed to estimate the maximum daﬂy 8 h average gzone conec‘nhat)ﬂh (0,_8h) in China in 2019 for human exposure assessment. The model input ground
monitoring;station data, high-resolution remote-sensing satellite data, meteom].ogrca] data,, emission inventory data, digital elevation model (DEM) data, and population data
were used to/capture the temporal and spatial variation of O,_8h. In this study, ten-fold cross-validation was used to evaluate the estimation performance of the model (R* =
0.871, RMSE =11.7 pg'm ). Compared to those with the random forest (RF) model and kemel ridge regression (KRR) model, due to the improvement in the algorithm
itself and the advancement of parallel processing, the estimation results of the XGBoost model showed higher accuracy (RF: R* =0.864, RMSE =12.387 pgem ). The
KRR model was as follows; R* =0.582, RMSE =23.1 pgem >, and the computational efficiency of the model was significantly improved. At the same time, the level of
ozone exposure and the relative risk of death due to chronic obstructive pulmonary disease (COPD) in China’s provinces and cities were evaluated. The results showed that the
top five number of days exceeding the standard occurred in Shandong Province, Henan Province, Hebei Province, Anhui Province, and the Ningxia Hui Autonomous Region.
In terms of exposure intensity, Hebei Province, Shandong Province, Shanxi Province, Tianjin City, and Jiangsu Province ranked the top five in terms of population weighted
ozone concentration. In terms of health effects, the relative risk of COPD death showed seasonal changes, with the highest in summer and the lowest in winter.

Key words: surface ozone; extreme gradient hoosting( XGBoost) ; TROPOMI; population exposure; chronic obstructive pulmonary disease
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Fig. 1 Distribution map of China’s ozone monitoring stations in 2019
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Fig. 2 Pre-processing of the experimental dataset
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models with ten-fold cross-validation



3

AU ;e o SR SRR LAl B A RS2 T DA

1239

Wi PRI 2R 22 [A) A2 AR AR MG 2 BB b I 5
Tt 5 AL ARRA Y F1AZ% 0 0] )8 7 AH L, XGBoost
B AG B 45 SR S ] FE, AR A OR
XGBoost BRI AR A #EEH /N, 58] XGBoost 4
RIFE—E R LT DA IR 4.

A E—H 0 XGBoost 55051 H 3% R AR AL
S BRI 1 | A SO Z= BRI AE 241 £ B2 X
XGBoost A5 Fifi 1L AR ARABE Y F1AZ 04 0] A5 fg il
FEURPEATIFOT (WER 1), 3 FRECEL Y+ 58 L
TEAR B2 Bl 2= (0 28 Ak 742 k. DA A2 SCHRIE 1Y) £ 82 o
F ) XGBoost 1AL 14728 LEGER R* 4 0. 86,
Z=1] XGBoost £ B 41 32 LB/ R® 7€ 0.76 ~
0. 86 Z[H]; AFXBEHLARMB R 3738 LHIER R?
0. 84, I BEHL AR AMAL A 47 28 LIUER R® 7
0.66 ~0. 81 Z[H]; 4EIJRZIE ]R3 58 LE Uk
(4 R* 2 0. 56 , 2= 34 06 [] I 452 70 47 38 S IE Y

R* 7E0. 52 ~0. 71 Z[d). XGBoost #5571 it £ - 1 ik 1.
T BEHLARAAE T RIS BT H 3 Fhisi gl
TN E TR TR

) A, 225l 3 b 700 £k 4 00 e 282 A1 1 L ARk
JEAS )40 (P 4) ARG 1 AN 4o 5 LS i
TR VA0 3t R A0 BB T L, AT 6o A5 7R AT B8 i
FIPPHY. 22 1 H B3l A STV B(E R 2019 4F H 36 RL
SR B ZE I 25 5, XGBoost i 845 5 5 Sz il
(EECH I, EARIEZE (SD) 53l 1% 52 00 &5 dis /) b
Wi I XGBoost #5578 T Al S Wl b 3 5L AUV B =22
[P 25 5. NS ) 0 A W fA BE R, 3 Rl s
e SRR R 1% B AU B LA AR [ 1Y) 25 8] 43 A
P, 15 B A 55 ) A A R AT B 3 AU E
K 4 =3 a) oA B4 T AE R B 2538, BISR AL
AR 2D FE A B 4 3 R R e BT W 8 I £ R
% {HE XGBoost #5700 AT AT R B 64k

#®1 Fiy, £ XGBoost/RF/KRR 15 F IRk

Table 1 Comparison of model fitting andé¢ross-validation results for the XGBgost and RF land KRR models ‘ P
o T URIED ;W [T e it v 7 )
XGBoost RF /KRR L /pgem XGBgost RE KRR ¢
# 0.80° 0.74 1053 | 69,95 +10.06 69.19/+9.88 * 69. 13'+10. 02 69. 11 £ 10736
F-3 084 0.79 ol | / 1002t =11.27 100,18 =41,02 & | 100. 06 9. 21 100.01 £11{25) _-
SEl o ol 4 oos Lol S 80,87+ 10.21 90.87 + 11. 20 67 11,18 88767410711 s
'3 p *0.76 " 0.66 052, 4f 62 8§11, 12 62. 62 ;"i&ﬁg ’ 61,53 £10.71 59.52 £12.27 -
A4 0. 86, 0.84 0.56' | 94066 12. 15 94. 36 = 10.21 93.87 £12.07 90. 13 £15. 22/
1A R § 2) B Mean D M
¥y V I ‘1 J

fﬁit%)ﬁ%ﬂﬁﬂ:*?%%ﬁ,/H\EPIJJW%‘E@?E%B\
W ALAA RS | VTR A A LR LU AR 4 A P R TS
Y5 P T P M X, AR SR BETE 117 pgem ™
DLl 2 X 4 AR AN DR BT %4, |
oA BB RN Bl 22 BB S HE O BT iR i . 5y
Ah, ISEHTPEHEE . H T B 3¢ SR PG RV S A Mt 2R
AR T A Y i 1 SRR . NS (1 A DR, Vi b
X2 LR (14 A G 5 AR IX 3, 9 B R K B 4 S
BTG UM 25 (8] 50 Ao Bl 3R AL
V5 G A i AR R A BB i AR K T L N 3
LI B TS ELAE PG A6 AT HP R X A B s (R
fRAWREMMEREX EEEPEER ., BIREIT
AL T AFHLIX AR E R BT 61 pgem .
2.2 BRENDOINBCEEE B

&5 FIE 6 FZi T 2019 4E448 O, W EE AR K
ORI A R A0 B A He b R 480 b K Bk 1ot
BAEREL52% WA MAILARA (204 d) | WA
(203 d) | LA (197 d) | LR (195 d) Ay & 0]
BEHIARIX (191 d) , KR & T o R &, &
XoF N A I 40 ) 5 7= A 7 B I R ). SR SRR AT

0194 S e 1 45 14 1 55 o O s X sl

REURT 24 KB 25% WA A ) PTG A iR X
(84 d), mFH (83 d), BEILAH (82 d) ., BHIHA
(78 d) FEFREAE (37 d) , 3k E645 1)y 23 30T 1 AH X 4%
Ut 3% BSR4/ 0N, R e o] DL | B AGEB AR R B
FERT 28 23 A b T RIS A RE A S A A 53 5L
SR A A B 25 A A R AR

FEN A0 A B A0k B8 Uy T, F R 105
pgem A TTAMILE (109.91 pg-m ) | LKA
(109.24 pg-m ) | NG (106.30 pg-m ™) K
17 (105.92 pg-m ™) | VLI (105.56 pg-m ) | I
B4 (105.54 wg-m ) ML HTT (105. 31 pgem ™),
DS L] A4 s, BN D S
PR, Tolk A3k, A= 77 AR TR 32 2 1k A R R BR
B IR AU A RE TR HE R 3K, AT
BT RS YO P TN IR AR AR T
80 Mg-mdﬁ/ﬂ%\?ﬁﬁiﬁgfﬁ(78. 94 Mg-m_3) L M
B (78.79 pgem ) )T VECHE A VA X (77.38
pg-m ) ARG (74. 88 pg-m ™) X EERE T
gl Tk o 3 I A A K AR A
FURFD 8/ L4341 B L, S S0 R4 400 HE e o A X ¢
A NI AR R S B A



1240 57 A < S 8%

RAGR AR FA (i pg-m
+59-74 . 74-80

- 80-86 -+ 86-91

- 91-95 . 95-99
+99-103  «103-108
* 108~114 *114~131

(c) REGERUG ARG

SAke B fpgm™
1 B |
53 85 93 101 109 117 129

61 69 77
),J 5l ‘Z“am@ﬁ“nmiaﬁ%\j@’ ‘jﬁﬁ,(b@\(c)%ﬂ(d)@%ﬁd@ﬁé\iﬁﬁ*ﬂﬁ‘"%&%@ hY 4
(@ pr A < | Ed4) 20 lfl}/ﬁ‘ﬂ]i&!%@‘m “R
b ' A f‘f J .ﬁ‘ Fig. 4Jﬁfstimiéof‘ a

[

R

mean Oj across China in 2019

() S e HE B R0 A () A PV AL S S e FE 43 A

T ingy
AR EER WG S
5 2019 EELARKFREBIRREE 2019 EZFE AOMIN O, iREE

Fig. 5 Total days of O concentration exceeding 100 pg+m = in each province

0 500 km
—

and the population-weighted O; concentration values of the provinces in 2019

2.3 COPD ZET-AHIXT KU PFA W1k A9 2= 9 RFAE, RRy (1.116) > RRy (1.118) >

B E LA FE S COPD AET-Z M AIMIXT K. RR,(1.086) >RR, (0.979). % RR 7E L2 |
B AR T AR AERER RN R E R dbsUT REET ., IV LT BT, IR
PR T BOR RS IS Ml S 4%, coPD 4 WA, WIEAE . IS EE RMH T
FETARX XU B 25 [0 A 45 R B (7 #132 2), RO, X B W] A7 0 245 T COPD SET- AR A
AT R ZRER 454 COPD SETAHXT X R BLE RS2 RARER AR BARE FAAHE T R



34 AU ;e o SR SRR LAl B A RS2 T DA 1241

- ARESS I EwyidEs ] BUIHER T EUX |
filH A ]
B — B =
iLq iL%
FEe) I Lk [
A AR H R X ] HEE /R HIR X J
Tl AT B X | Tl E X I
DX | P F 37 X ]
Kift ] Kt ]
maJil4 | [)]]E [
i ] it ]
e g 24 ] epy e I
T ] Iy |
&EH ] e ]
T I i ]
THFE AKX | T H W R K ]
MEH AR X | & A iR X I
LT I LT ]
JLM ] iLPg27 I
H =
WA | WP |
b ] 1Bl ]
BTl [ Bkt I
bR ] 2T ]
FOE %y ] % |
T TR [
. B N S |
JURAERRE AR X JURAk R B R X I
IR | IR |
Hr# ] HA4 ]
f [ AT I
Jesti ] dbxtii J
R \ I, A [ N
0 100 200 010 20 30 40 50 60 70 80 90 100110
Fd %‘-’dﬂilifug -m?

56 2019 $%é Ea.ﬁﬁﬂhiﬁ& 2019 E£HAR hﬁﬁz 03
Fig. 6 Column chart of e otal nu!m r of daxs in 2019 when O4 coﬁceitra??[‘c:ceede 100 pg-m~?

797

‘()
>, ¢

n each province add the 4Jl‘pop W03 concentration vl !.n 20 ach

>z

#FCOPDHIA MPE(RR) HBECOPDHIX MFE(RR)

. 0.920 ~ 0.978 0918 ~0.983
B (0.978 ~ 0.996 B 0.983 ~1.009
£30.996 ~1.012 [ 1.009 ~ 1.030
BN 1.012~1.028 . 1030~ 1.054
. 1028 ~ 1.064 . ]1.054~1.119

HZFECOPDHI X KEE(RR)

. 0911 -0.966 ' g . 0,899 - 0.942
B 0.966 ~0.983 “ ingg B 0.942 - 0,961
10,983 ~0.999 10.961 ~0.980
B 0,999 - 1.015 B (.980 ~ 1.001
B 1015~ 1.105 0 500km mm 001~ 1.064

£FRCOPDHIRTAUA(RR) Sl

P EEE . WITMETE” B
E7 AEZT£E COPD FETHIRBE S @S

Fig. 7 Spatial distribution of relative risk of COPD death in different seasons



1242 ®

B 43 %

FRER 1) COPD FET AR KUK 19 7 (i e K, H2 Tl
e, dbaTh, R, v, LT VLA .
L ZR 45 FIVAT G 45 19 COPD AET-AH N XU (BT R 32 T
ZEFS X RS2 B X SR T AN AR ZE
FEARTE THE R SRR TR s O R R X Bk
A Tl & ik s i A KA i, AR AR
BRI | T8 | IWARE R4 COPD 3BT
R UG 52 5L 480 2 58 52 T 4, b 40 1 0 b IX
LT A A RR A, 33 2 PR V35 11X 37 K PH L
SIS A A T 5L EUHT R Y 28 5 ik 2 A8 Ak ™= AR

R ZZ4 R ZH0R T COPD BE T~ AH X XU 527
LA TR R 5 ) 5/ 5B AT S TR R aX A 2= TR
JEAR, T . KRR, AF T 5 R . 25
B UL R R, RARE KR, AHZ | Sl
A RIFES R MKEEZGRHE R T —
L 1 DX PR AR 2R R 19 COPD A6 T A X XU 45
K, AR N 1% A X 2 A 155 BE R, ST A K
PP T HH ™ EE Y b DX 5 B ARCHE IR WA D B
T > SR TG gy BRI T RA BRS8N
COPD ZE T AHXT XU .

*R2 AEEFEEA COPD FETHEXT XK

Table 2 Relative risk of COPD deaths in provinces in different seasons

2R SCHE IR B S 1B S8 AR 5 2 U5 SR R Al AR 4
A, R R R Y SR SR A TR I 0 R A
N FINAL 2 % 1 COPD SE T AR XU £ 47 D . ik
T XGBoost BRI 45 L, 4F- 1 5L 4 vk JiE 2 L 1]

I H & 5 # %
bE [y 1.134 544 1.211 139 1. 164 384 0. 962 042
AR 1.095 579 1.101 367 1. 126 466 0.919 391"
Jemti 1.138525 1.211428 1.125319 .0.951'2"‘9';\, ~
Foe i 1.160 518 1.23 656 “1.1857 0. 954405 |
ITpEE 1.117 89 1.189 188 1142 951 0.972 378
i AR 1.068 617 1,109 259 ' 1.079741 0. 9.,1-1“"355,-*' i

LTH 1.120 155 1.131877 1116984 0. 566_?6’5 ry
BAITH 1.052 333 1.035 966 15038 294 0.951.992~" 4"
¥ 1.154 576 7 1.496 818 o L4010 1,024 08547,
THE Lmoai2 | S ) 7L 4 19724 § 71685878, A 0.925453 [ I
whn 4 1osg332 " 137089 JoLha2aed 0.9%84H—
s p 1 P 1. 065'532 B Y 060231 g 078 824 / 0.943841 %
MRS { L 1.065464 | 4 J 1. 087 995 o0 11,183 291 0.939 809~
ARG - 1123503 f | 1.170 635 12166 554 0.991194
g | 1. 108 234 1177211 1. 148 366 0. 999 152
Wi L 1081614 0 A =45 205 1.142 537 0.908 36
Wa 1.058 983 71,097 623 1.129 842 0. 926 201
Pl 1.070 927 1.116 299 1. 154 326 0.992 104
P H A 1. 034 604 1.041 139 1.096 021 0. 959 965
3K 1.007 497 0.984 647 1. 067 356 0.911 823
R 1.103 993 1.103 993 1.103 993 0.903 993
uPIES) 1. 082 744 1. 122 455 1. 065 158 0. 970 386
MG 1.049 794 1.05579 1. 060 069 0. 999 749
PR 1.077 348 1.038 187 1.021201 0.987 575
iR RETY 1.054 172 1. 049 999 1.015014 1.092 454
Hikas 1.077 381 1.087 829 1. 049 102 1.087 389
HIEH 1.120 093 1. 095 408 1. 062 339 1. 024 339
TR FIEIX 1.089 711 1. 107 506 1. 066 078 1.082711
B4R HIR X 1. 061 354 1.064 313 1.035 751 1. 064 683
Tk 1.077 808 1. 082 553 1. 069 205 0.961 6
BIEH 1. 063 205 1.158 742 1.153 358 1. 058 492
BRI TE X 1. 058 492 1. 156 324 1. 372 564 0. 987 562
TR TE X 1.057 648 1.143 289 1.228 765 0. 997 567
SFHE 1.085 798 1.118 282 1.116 001 0.979 331

3 Wz ZE S BRI PEE RS  ITdbaE i rE &k

T7 R A AL TR L AR A ) P 7 R Sk RE A A, 5 4
BT AR AL, WP JZE Y O g R LR A
Py (4 NO, F1 VOC) g et I A , A1 4eAT
A IR MR A TR RE TR A AT M 2 A 7
b IX, FEOZH X VOC 25 5L A AT HER R 55



34 A AT« v i R S Sl B B A B RE MR DA 1243

B, NOTEINZRA | TR A o A A R
JRIERI LM A RO N T 4% 5 M DA & 4 0 HE
e, DA T 5 B B AR AR R, TS e PR Y AR H
T, Tl Shsi b2 G AR HE RO 5 5 4 e
FERAES. SHAb 5 Al X B 7 R T L X 1
R PRI S0 15 Y 0 7 9 5 T % £ 0 7 A
ARSI S FEARI R R B 2 21159 0, 15 2.
BRI Z A S5 R 20 RS Y AT B B, B
AKCRT L o R O A R Rk B XU B TR 4RI
T L
BRAEATIFC P XGBoost KL i 773 HE T 4 A
BRI SRl LR A S S AT R LA R T s b
Ml SR PP A T8 A A PR3 S8 A RS T
TR 272 AT O, 15 Y 1 f T T - N B
PRBT RETF AR 58 25 MU & T BT HIX . 5 itk
BRI, 2 TE AR 5% SO A R B, 74
J IIBFSE T, W4 4 FBE T ARG FEAY 05 8h
R S A 0 X B B 1T ) S R - I R,

SUF 37 SLX A S B B B P4

M B ) &/ 2
o S W 2

A " 1 : i r

4 %E'Lb . & ; J .d;l-, 4 ‘ﬁ/ ! *".‘”..

(1) A TP 202210, e FH) XGBoosl 53 5

M SR TE(FL SEHLAR A S5 AU U S0 A
HoEC A W AL 36 H IR A I T R URAE

LEREF W R #00.871, RMSE 117 pgem.
XGBoost AT E 4 5L 5 S B ELAT ) 11 2 i)
Sy A I ELAT U BOB BRI 4.

(2) BN IS 52 5% 40 T 45 S8 0 L 5 e K
BHFER TR IR A R Ly | s
T B 1A X, 33 245 117 (1 5 40 b B0 3
TAAERRN 52% ; ] PR ERIX . ZFE .
SERITA | SN AR A 1 RS e KB T4
SERMRBUN 25% . WAL L ILRA ., T, Kt
i, TTHRA L ITRE A AL ST I B R
#1105 pgem Y ME KT, SNAE . TP A
T DXV R A 1 SRV FE MG AT 80 pgem .

(3) AP F 5L T4 COPD ZET- AR XK
W B0 i W 19 75 4% 4E, RR,, > RRy, > RR, >
RR., %% RR 7EM b4, b5uili, Reii, (g
B OILTH ., LT THAE LIRS WY, &
PRI G4 B0 T 407 B, L Z e
JbECHT . KR P BT TR L IR
FITHEA4 (9 COPD FET-ARXF XU (AT AR 1 T4
B, BRI TR | IR 4G 1 COPD
PET-HIX R, &4 A4 TTHHE T RE %

B COPD JE =AU 4/ AT U
(4) X BERH ] o BRIE LR 47 B 10 3 [ R A i
Gty P AR S8, O i e T A= L 2L AE AR OCBRT]
Xf 1 R AR TS BT R A A T s B TR 6 PR AL

BANA] SE R AR

SE 3k

(1] SRRA, M. SR ATS Gediin b AR b X 5 AR Y 5
WALT]. HEHEERASER, 2021, 51(3) : 100-109.

Zhang T Q, Gao Y. The impact of climate change and emissions
on ozone in North China[ J]. Periodical of Ocean University of
China, 2021, 51(3): 100-109.

[2] Chen K, Zhou L, Chen X D, et al. Acute effect of ozone
exposure on daily mortality in seven cities of Jiangsu Province,
China: no clear evidence for threshold [ J]. Environmental
Research, 2017, 155, 235-241.

[3] YangL]J, XuHQ, Jin Z F. Estimating ground-level PM, sover
a coastal region of China using satellite AOD and a combined
model[ J]. Journal of Cleaner Production, 2019, 2_27“;';472-4‘82.

[4] FBEE, KGWIA , A5H, % ik PV, Al B A
FIREERBT]., FRERE, 2020, 41(12)524555255"
Huang X ‘.I’ Q1 M Y, LiYY, et al Spatio—tel{p}‘l;oral sevolution
and population exposure risk 'to PM, s in the Cpif;lzhigﬁg area[ J ]
Environlri”lental S(?“i.,ence, 20207 41(12) ; 5455-5255. . ?,,-"'1

[5] LeelJB, Cha .].".S, Hong S IC, et al. Projectiongrof summertime
ozone ‘“cgnce.;ntratiqn over E‘é.st‘.;,Asia under multiple IPC-‘C.‘ SRES
emission ..s‘clenar‘i-;s [J ]l,l- Atni‘gspheric environment, 2.0 1_5 s 1-06-_‘
335-346. ! . [ =

[6] Lei BQ, ﬁ;u FR, Ch;hg H, et al. Short-term effect of PMs5/
0, on non-accidental and respiratory deaths in highly po‘ﬂuted
area of/ China[J]. Atmosphetic Pollution Research, 2019, 10
(5): 1412-1419. i

(7] WBR, BCOFI5, 22005, iR &S e i 28 ) 437 A
BOM[T]. PEFRERE, 2019, 39(9) : 4025-4032.

Zeng X G, Ruan F F, Jiang Y J. Spatial distribution and health
effects of ozone pollution in China [ J]. China Environmental
Science, 2019, 39(9) : 4025-4032.

[8] BEREME, W 2006 ~2012 4EZRIL = WMIX 05 75 YL Xf
ABHEEERESEm [ 1], P EIREE R, 2015, 35(3) : 897-
905.

Liao Z H, Fan S J. Human health impact of exposure to ozone
pollutant in Pearl River Della region during 2006 ~ 2012 [ J].
China Environmental Science, 2015, 35(3) : 897-905.

[ 9] Cohen A J, Brauer M, Burnett R, et al. Estimates and 25-year
trends of the global burden of disease attributable to ambient air
pollution; an analysis of data from the Global Burden of Diseases
Study 2015[J]. The Lancet, 2017, 389(10082) . 1907-1918.

[10] Cakmak S, Hebbern C, Pinault L, et al. Associations between
long-term PM, 5 and ozone exposure and mortality in the
Canadian Census Health and Environment Cohort ( CANCHEC) ,
by spatial synoptic classification zone [ J ]. Environment
International, 2018, 111 200-211.

(1] xR, Jr A, wks, & KRRBEIGENEY R
BEDRTA[J]. AZSEREE2AAR, 2011, 20(4) ; 612-615.

Liu Q M, Fang Y M, Huang Z Y, et al. Biological indicators for
air quality assessment effects of ozone [ J]. Ecology and
Environment, 2011, 20(4) ; 612-615.

[12] Guo Y M, Zeng HM, Zheng R S, et al. The association between

lung cancer incidence and ambient air pollution in China: a

spatiotemporal analysis [ J ]. Environmental Research, 2016,



1244 wooom B % 43 %
144 60-65. TEVLIRAA G Y i s 2B R [ 1] S g S5 70
[13] Bell M L. The use of ambient air quality modeling to estimate 4 2019, 11(2) : 10-16.

[14]

[15]

[16]

[17]

[19]

_+ related mortality in East China[J].

keriging, Land+ Use Réures%ion (LUR),
maximum E'mrogy-LUR approaches [ ] |

»

individual and population exposure for human health research: a
case study of ozone in the Northern Georgia Region of the United
States[ J]. Environment International, 2006, 32(5) : 586-593.
LiR,CuiLL, LiJ L, et al
particulate matter and gaseous pollutants in China during 2014-
2016[ J]. Atmospheric Environment, 2017, 161 ; 235-246.
Ty, Fb, SIET, & RUHEEE XU A TS gt S et
ZEAREEL) ], PEPREEEEN, 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

Spatial and temporal variation of

Beijing-Tianjin-Hebei region [ J]. Environmental Monitoring in
China, 2017, 33(1) . 14-21.

FIHEMT, T2, BR =AM SR BE I 22 AR AL AR 0 B
[J]. BEH2EW(AKRFIERR) , 2020, 59(6) ; 748-760.

Yin Z Z, Wang X L. Analysis of the spatial and temporal
variation characteristics of ozone concentration in the pearl river
delta urban agglomerations [ J ]. Journal of Fudan University
( Natural Science) , 2020, 59(6) : 748-760.

Shi X Q, Zhao C F, Jiang H J, et al. Spatial representativeness
of PM, 5 concentrations obtained using observations from network
stations [ J ]. Journal of Geophysical Research: AtmOf-P“eres,
2018, 123(6) : 3145-3158.

Adam-Poupart A, Brand A, Fournier MZ““.et al. Spg.li_olemporal

modeling of ozong"lévels in quebec (Carfada)

Toelvifl tal_;ﬂ’ Ith
\::! nl}‘?ﬂf ea

l’elr%pwtlvei,L 2014 122(9) : 970-976% =
| Madaniyazi-L., Nalgashlma T,

Guo Y M et al. Pm]ectlng ozbne—
Env1rortmem Inte]:Aanona]
!

2016 92-93. 165-172.

2()]‘Il Slckles I .Llh Suggs'J'C Vorhurger L M Ozong_,.‘ ll’ldl(‘a

[21]

[22]

(23]

[24]

i determ-med' at rural sites in the eastern ufnted states by_ﬁw‘/

momtnnng networks [ J ]. Environmental Monitoring and
Assessment , 2000, 65(3) : 485-502.
BUATHE, WEIEIR, B3C5E. 2015 4 E PM, 5 R IR AL 5

SIS R[]
854.
Wei SM, Pan J H, Tuo W L. Estimation and spatial-temporal

TEBIAR SR, 2020, 35(4) ; 845-

distribution characteristics of PM, 5 concentration by remote
sensing in China in 2015 J].
Application, 2020, 35(4) . 845-854.
Sun Q, Wang W, Chen C,
metrics on mortality by season in 34 Chinese counties in 2013-
2015[J]. Journal of Internal Medicine, 2018, 283 (5): 481-
488.

ZE—3. FETREREEETH IR B T I O Vi B 1B SR A
BID]. AR PEGE RS, 2020.

Li Y F. Remote sensing-based estimating ground-level O,

Remote Sensing Technology and

et al. Acute effect of multiple ozone

concentrations in china using gradient boosting regressor tree
[D]. Xuzhou:
2020.

Li R, Cui L L, Fu H B, et al. Satellite-based estimation of full-

coverage ozone (O;) concentration and health effect assessment

China University of Mining and Technology,

across Hainan Island[ J]. Journal of Cleaner Production, 2020,
244, doi: 10.1016/j. jelepro. 2019. 118773.

GB 3095-2012, ;‘tﬂt*%ﬁ%ﬁi&[sy

HJ 633-2012, ERFERAE B (AQD) i R ML E (A7)
[S].

NS, TP, T, % “MEE-5P” LA TROPOMI £ /& 4%

a comparison' of~,

‘and oombmed hliyegm‘nl

(28]

[29]

[30]

[32]

[34]

[36]

[37]

[38]

Li X W, Zhang Y, Jiang S,
atmospheric pollution monitoring in Jiangsu province with
TROPOMI 5P satellite [ ] ].
Environmental Monitoring and Forewarning, 2019, 11(2) . 10-
16.

Huang G Y, Sun K. Non-negligible impacts of clean air

et al. Preliminary application of

sensor onhoard Sentinel-

regulations on the reduction of tropospheric NO,over East China
during the COVID-19 pandemic observed by OMI and TROPOMI
[J1]. 2020, 745, doi; 10
1016/]J. SCITOTENYV. 2020. 141023.

Tilstra L. G, de Graaf M, Wang P, In-orbit Earth
reflectance validation of TROPOMI on board the Sentinel- 5
Precursor satellite [ J ].
2020, 13(8) : 4479-4497.

ENE, Xk, 2R, & SR 5 S ERUNL 55 — A A
e A ERVEITAL (1], BleE i iR, 2020, 65(20)
2106-2111.

Xia C Z, Liu C, Cai Z N,
the Sentinel=5 Precursor operational SO, produg_tsf p\ller‘. China
[J]. Chinese S(,ien(,e Bulletin, 2020, 65(20%) “2]_0‘.‘6 2T11.

Science of the Total Environment,
et al.

Atmospheric Measurement Techniques,

et al. Evaluation of ﬂaé";ccuraqy of

M, R, f’u&& 4. m%l%ﬁ*ﬂﬁu%% HE R
7k o, mrgwﬁm%m[u EPEIITPEﬂ%, 2019, 39(6):
2273-2082. " D A

Huang X G, @lﬂ‘go T J’n Zhaq J B, et al. Impactof meteg{nlogical

factors alnd précursors :Jl’l +"spatial  distribution of grone
concentratlon in Eastdm Chma [J]. Chma Envlronmefftal r
Sciencel] 2019,.39(6) 4 2273-2282. &
Al BRI, W) %5 2013—2016 4 BRI X R Ak
FEAHE RIS R G IR R0 R (1], FRBERH7 22 4R J2019,
39(1)4/143-153. ]
Zhou X S, Liao Z H, Wang M,
concentration and its relationship with meteorological factors in
Zhuhai during 2013—2016[J ].
2019, 39(1) . 143-153.
TEScse, it fhmite. JET RGOy B U R S )
EBFFEL)]. mRAR, 2005, 24(6) : 974-980.

Yue W Z, Xu J H, Xu L H. A study on spatial interpolation

et al. Characteristics of ozone

Acta Scientiae Circumstantiae,

methods for climate variables based on geostatistics[ J]. Plateau
Meteorology, 2005, 24(6) : 974-980.

Zhan Y, Luo Y Z, Deng X F,
daily NO, exposure in China using hybrid random forest and

et al. Satellite-Based estimates of
spatiotemporal kriging model [ J]. Environmental Science &
Technology, 2018, 52(7) . 4180-4189.

eSO, TEam, e, 55 E RS SRR RS
JE[1]. BB AR, 2013, 38(3) : 14-20.

Xue W B, Wang J N, Yang J T, er al. Domestic and foreign
research progress of air quality model [ J].
Sustainable Development, 2013, 38(3) . 14-20.

Environment and

Edil, e, B9, & S UREHE CMAQ AYIE M
SMITFEBRLT]. BB S HAR, 2013, 36(S1) : 386-391.

Wang Z S, Li X Q, Wang Z S, Application status of
models- 3/CMAQ in [T].
Environmental Science & Technology, 2013, 36(S1) : 386-391.
Chen T Q, Guestrin C. XGBoost: A scalable tree boosting system
[A]. In; Proceedings of the 22nd ACM SIGKDD International
Conference on Knowledge Discovery and Data Mining. San
Francisco, USA; ACM, 2016. 785-794.

Qin K, Rao L L, Xu J,

concentrations over central-Eastern China using a satellite-based

et al.

environmental management

et al. Estimating ground level NO,



3

AU ;e o SR SRR LAl B A RS2 T DA

1245

[39]

[41]

[42]

geographically and temporally weighted regression model [ J].
Remote Sensing, 2017, 9(9), doi: 10.3390/1s9090950.

Zou B, Luo Y Q, Wan N, et al. Performance comparison of LUR
and OK in PM, 5 concentration mapping: a multidimensional
perspective[ J ]. Scientific Reports, 2015, 5, doi: 10. 1038/
srep08698.
S, WS, ZEmRl LR Il AR A R T Y
ZEOSRIF R [J]. BRERL, 2016, 37(2): 413-
419.
WuJ S, Xie W D, Li J C. Application of land-use regression
models in spatial-temporal differentiation of air pollution [ J].
Environmental Science, 2016, 37(2) : 413-419.
Zhan Y, Luo Y Z, Deng X F, et al. Spatiotemporal prediction of
daily ambient ozone levels across China using random forest for
human exposure assessment[ J]. Environmental Pollution, 2018,
233 . 464-473.
R, BSR4, DO, S T T E 2 S TR T Y B
VOCs 15 JLRHE SOR IR AR BT (1], ARSI 4, 2020, 29
(9): 1839-1846.

.“._.:::a-

[43]

[44]

Gao S L, Yan X J, Liu G H, et al. Characteristics and source
apportionment of ambient VOCs in serious ozone pollution period
of summer in Ji'man[ J]. Ecology and Environmental Sciences,
2020, 29(9) : 1839-1846.

-3, R, FT, A BTORSEEEE T AR S0k Y i
REWERET]. PEFRERE, 2020, 40(3) : 997-1007.
LiYF, Qin K, Li D, et al. Estimation of ground-level ozone
concentration based on GBRT [ ] ].
Science, 2020, 40(3) : 997-1007.
WA, RARHK, SKRER. BT SR 1n] S AL R ) i 4
10, BTk [J]. T EFEER %, 2019, 39(9): 3719-
3726.

Su X Q, AnJ L, Zhang Y X. Support vector machine regression

China Environmental

forecasting of O; concentrations based on wavelet transformation
[J]. China Environmental Science, 2019, 39(9) : 3719-3726.
Yli-Pelkonen V, Scott A A, Viippola V, et al. Trees in urban
parks and forests reduce O;, but not NO, concentrations in

Baltimore, MD, USA [J]. Atmospheric Environment, 2017,

167 73-80 -
r |. £ ;‘_;',.-‘" l' “":,r
‘“ = L r -‘
iy 1 |
f L A
fa ¥\
.“_,
&5,
{ I
‘w'lll ; w
:. _‘,;-";.-"
| " e



HUANJING KEXUE Vol.43  No.3

Environmental Science (monthly) Mar. 15, 2022

CONTENTS

Analysis of Change and Driving Factors of PM, 5 Mass Concentration in Tianjin from 2000 to 2020
Characteristics and Sources of PM, 5-05 Compound Pollution in Tianjin

CAI Zi-ying, HAO Jian, HAN Su-qin, et al. (1129)
XIAO Zhi-mei, XU Hong, GAO Jing-yun, et al. (1140)

Source Analysis of Ambient PM, 5 in Wuhan City Based on Random Forest Model ««+x+eseseereresesernsicnnsiiniiin ZHANG Zhi-hao, CHEN Nan, ZHU Bo, et al. (1151)
Chemical Characteristics and Sources of Atmospheric Aerosols in the Surrounding District of a Heavily Polluted City in the Southern Part of North China «+-«eseseeseereereesemenenseninicnennnnen
.................................................................................................................................................................. REN Xiu-long, HU Wei, WU Chun-miao, et al. ( 1159)
Characteristics of Water-soluble lons in an Autumn Haze Process in the Southern Sichuan Urban Agglomeration After the Implementation of China’s Air Pollution Prevention and Control
ACHON PLan  +ovseeeesressssers et WU An-nan, HUANG Xiao-juan, HE Ren-jiang, et al. (1170)
Concentration, Source, and Health Risk Assessment of PM; Heavy Metals in Typical Pollution Processes in Zhengzhou - +++ ZHAI Shi-ting, WANG Shen-bo, ZHANG Dong, et al. (1180)
Geographical Detection of Spatial Heterogeneity and Drivers of PM, 5 in the Yangtze River Economic Belt = «+veveeeeererseemensniesnicicniinicnienns WANG Li-li, LIU Xiao-jie, LI Ding, et al. (1190)
Spatial Heterogeneity of PM, 5 Concentration in Response to Land Use/Cover Conversion in the Yangtze River Delta Region ~ +++reveeereeeer ZHOU Li-xia, WU Tao, JIANG Guo-jun, et al. (1201)
Analysis of Pollution Characteristics, Meteorological Impact, and Forecast Retrospective During the Spring Festival and the Lantern Festival in “2 426" Cities «+v+reeereesererrenssssenennenens
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHU Yuan-yuan, WANG Xiao-fei, WANG Wei, et al. (1212)
Pollution Characteristics and Influencing Factors of PM, 5 in Shanxi Province Based on Wavelet Transform =~ «+eoeeserverereresnesineeeens ZHANG Ke-ke, HU Dong-mei, YAN Yu-long, et al. (1226)
Estimation of Surface Ozone Concentration and Health Impact Assessment in China «+«seseeseereerserssemenenninini e ZHAO Nan, LU Yi-min ( 1235)
Analysis of Ozone Pollution Spatio-temporal Evolution Characteristics and Identification of Its Long-term Variation Driving Factor over Hunan Provinge «++«+essessersenssmsenenenninncnenennes
............................................................................................................................................................ LIU Yan-yan, YANG Lei-feng, XIE Dan-ping, et al. ( 1246)
Temporal and Spatial Variation in 05 Concentration Near the Surface of Shandong Peninsula and Analysis of Potential Source Areas LI Le, LIU Min-xia, XIAO Shi-rui, et al. (1256)
Characteristics, Ozone Formation Potential, and Source Apportionment of VOCs During the COVID-19 Epidemic in Xiong'an -+ * LIU Xin-jun, WANG Shu-juan, LIU Cheng, et al. (1268)
Characteristics and Source Analysis of VOCs Pollution During the Period of Ozone Exceeding the Standard in Zibo City WANG Shuai, WANG Xiu-yan, YANG Wen, et al. (1277)
Comparison of VOCs Pollution Characteristics Between an Urban Site and a Background Site in Summer in Zibo QIN Tao, XU Bo, WANG Xin-wu, et al. (1286)
Emission Characteristics and Inventory of Volatile Organic Compounds from Cooking in Sichuan Province QIAN Jun, HAN Li, CHEN Jun-hui, et al. (1296)
Emission Characteristics of Gas-and Particle-Phase Polycyclic Aromatic Hydrocarbons from Cooking LI Yuan-ju, WU Ai-hua, TONG Meng-xue, et al. (1307)
Diversity and Community Structure of Airborne Fungi in Different Working Areas of Composting Plants YU Ao-yuan, XING Li-jun, SUN Xing-bin, et al. (1315)
Main Problems and Refined Solutions of Urban Fugitive Dust Pollution in China «+«+«sssssereersemsenenseneenes LI Ting-kun, FENG Yin-chang, BI Xiao-hui, et al. (1323)
Water Quality Assessment and Spatial-temporal Variation Analysis in Yellow River Basin «+ereereesesrerseresernineninnne LIU Yan-long, ZHENG Yi-an (1332)
Spatial Distribution and Influential Factors of Nutrients in Rivers of a Typical Mountainous City: A Case Study of the Qingshuixi River in Chongging
........................................................................................................................................................................ WANG Chao, YE Qiu, JIA Bo-yang, et al. (1346)
River-Lake States in the Tributary of the Three Gorges Reservoir Area and Their Effects on the Phosphorus Content of Different Forms in the Sediment «++x+seeeseeseersessereseneninsinennn
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" HUANG Wei, ZHANG Xing, LUO Xiao-jiao, et al. (1356)
Molecular Signatures of Dissolved Organic Matter in the Paihe River and Its Tributaries -+ B SRARILIILEN e ZHAN Ya, YIN Hao, FENG Jing-wei, et al. (1365)
Multiphase Spatial Distribution Characteristics of Cd Morphology in Typical Intertidal Zones in the Guangdong-Hong Kong-Macao Greater Bay Area and Its Influencing Factors = «++xeseeeveeeees
........................................................................................................................................................................... CUI Xin-yue, MO Wu-giu, LIAO Jian-bo ( 1375)
Occurrence Characteristics and Risk Assessment of Antibiotics in the Surface Water of Luoma Lake and Its Main Inflow Rivers +***+ GONG Run-giang, ZHAO Hua-jin, GAO Zhan-qi, et al. (1384 )
Contamination Characteristics and Ecological Risk Assessment of Antibiotics in the Third Drain of Ningxia —«eesesreressesresvenenienninineninnn LI Fu-juan, GAO Li, LI Ling-yun, et al. (139%4)
Historical Changes and Responses to Human Activities of Polycyclic Aromatic Hydrocarhons in Lake Sediments from Northern China During the Past 100 Years «o«eoeeeeesererserencnennenens
.............................................................................................................................................. GONG Xiong-hu, ZHAO Zhong-hua, DING Qi-qi, et al. (1404

Characteristics of Bacterioplankton Community Between River and Lake/Reservoir in the Yangtze River Basin HU Yu-xin, ZHANG Jing, HUANG Jie, et al. (1414
SHI Yujiao, LI Wen-bao, ZHANG Bo-yao, et al. (1424
SHU Wang, WANG Peng, DING Ming-jun, et al. (1434

)
)
)
)
Microbial Community Structure on Microplastic Surface in the Grus leucogeranus Reserve of Poyang Lake -+ LIU Shu-li, JIAN Min-fei, ZOU Long, et al. (1447)
)
)
)
)

Characteristics of Bacterial Community Structure in Wuliangsu Lake During an Trrigation Interval in Hetao Plain

Effects of Landscape Structures on Bacterioplankton Communities at Multi-spatial Scales in the Yuanhe River

Influence of Microplastics on the Development of Proteus Biofilm +-«+:«+sesseseee- +++ TAO Hui, QI Yi-ting, YU Duo, et al. (1455

Deposition Law of Low-Density Microplastics Aggregation in Wuliangsu Lake LIU Yu, SHI Xiao-hong, ZHANG Sheng, et al. (1463

Adsorption of Fulvic Acid on Virgin and Aging Microplastics = ++««+sresressererrssssrssensnrss it SONG Ya-li, YU Ya, ZHENG Lei, et al. (1472
Diffusive Fluxes and Controls of N,0 from Coastal Rivers in Tianjin City »++ TANG Meng-yao, HU Xiao-kang, WANG Hong-wei, et al. (1481
Effects of Hematite and Biochar Addition on Wastewater Treatment Efficiency, Greenhouse Gas Emission, and Microbial Community in Subsurface Flow Constructed Wetland — «++sesveeveseeeess
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" CHEN Xin-tong, HAO Qing-ju, XIONG Yan-fang, et al. (1492)
Identification and Optimization Method of Rainfall-Runoff Pollution Risk Level «ereeseeresererenesienienienniniineniinininininenns QI Xiao-tian, ZHANG Zhi-ming, ZHAO Xin, et al. (1500)
Factor Analysis of Disinfection Byproduct Formation in Drinking Water Distribution Systems Through the Bayesian Network +++++++++- JIANG Shan-shan, WANG Zhen-yu, GAO Quan, et al. (1512)
Selective Adsorption of Au( ll) by Activated Carhon Supported Polythioamides and Adsorption Mechanism =++x+sssssseseeseseseensesnens 7HAO Wen-jin, ZHANG Shun, AN Xiao-giang, et al. (1521)
Impacts of F/M Ratio on Microbial Networks in Activated Sludge —«+«+-reeseesresrersssssssnsimsniinisi s ZHANG Bing, SUN Chen-xiang, WEN Xiang-hua ( 1529)
Geochemical Characteristics and Source Apportionment of Soil Elements in an Urban-rural Integration Area: A Case Study in the Qinglong Area of Tianfu New District +:eseerseseereseessensenees

*+ LIU Shu-huai, WANG De-wei, SHI Ze-ming, et al. (1535)

Ecological and Health Risk Assessments Based on the Total Amount and Speciation of Heavy Metals in Soils Around Mining Areas «w+:eseeseeeeseereens WANG Rui, CHEN Nan, ZHANG Er-xi ( 1546 )
Characteristics of Antimony Migration and Transformation and Pollution Evaluation in a Soil-Crop System Around a Tin Mine in Hunan Province
............................................................................................................................................................ )
Effect of Controlling Heavy Metals in Soil of Rare Earth Mining Area by Biochar Supported Graphene Oxide )
Enhanced Remediation of Cd Contaminated Soil by Cotton with DOM MIN Tao, LUO Tong, CHEN Li-li, et al. (1577)
Novel Insight into the Adsorption Mechanism of Fe-Mn Oxide-Microbe Combined Biochar for Cd( II') and As( 1) LIAN Bin, WU Ji-zi, ZHAO Ke-li, et al. (1584)
Variations in Cadmium Accumulation and Transport and lonomic Traits Among Different Winter Wheat Varieties LIU Chang, XU Ying-ming, HUANG Qing-qing, et al. (1596)
Cadmium Accumulation Characteristics of Different Heat Varieties Under Cadmium Stress —«++«+sesseresseersersmsnmnmimmmiin, REN Chao, REN Yu-zhong, WANG Hao, et al. (1606)
Effect of Different Land Use Types on the Diversity of Soil Bacterial Community in the Coastal Zone of Jialing River «+-eeeseseereereeerene LIU Kun-he, XUE Yu-gin, ZHU Lan-ping, et al. (1620)
Effects of Earthworms/Biochar on Bacterial Diversity and Community in As-contaminated Red Soil = «+eeeeereeveeserenensinenennenns SU Qian-gian, LI Lian-fang, ZHU Chang-xiong, et al. (1630)
Effects of DA-6 and EDDS on Growth and Cd Uptake by Solanum nigrum L. and on the Soil Bacterial Community Structure —«+«+«esesessessesseseneenes LUO Yang, SUN Li, LIU Fang, et al. (1641)
Effects of Plastic Mulch Film on Soil Nutrients and Ecological Enzyme Stoichiometry in Farmland «-«+xeoveoeeseeeeenensssneneniiinne HU Zhi-e, XIAO Mou-liang, WANG Shuang, et al. (1649)
Effects of Warming and Increased Precipitation on Soil Respiration of Abandoned Grassland in the Loess-Hilly Regions - WANG Xing, ZHONG Ze-kun, ZHU Yu-fan, et al. (1657)
Effect of Film Mulching, Straw Retention, and Nitrogen Fertilization on the N,0 and N, Emission in a Winter Wheat Field «++e+reeoeeeee PENG Yi, LI Hui-tong, ZHANG Shao-wei, et al. (1668)
Effects of Straw Returning on Soil Ammonia Volatilization Under Different Production Conditions Based on Meta-analysis ++ ZHAO Zheng-xin, WANG Xiao-yun, TIAN Ya-jie, et al. (1678)
Impacts of Fertilization on Soil Antibiotic Resistance Genes Across Croplands; A Meta-Analysis ***®ccesesesrsreosrereceees RAN Ji-wet, XIAO Qiong, HUANG Min, et al. (1688)



	1.pdf
	封面
	中文目录


