w % B 37 Wad % 46

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2023 4 6 A 15 H

H &
FEAME SRR RN E T AL 2 A IR GRS S 1 T S BUAR BT oo KOOI, R, AR, Z0FM, XRE (3017)
REF B E AR B ZLELEATTHY  ververrereereereerteeae e Wk, £, B (3024)
FET- MSPA FIHE JR IS (0 BT B B I T BEAIRBE 23 [H] 2B +oeeeeeeeerrerrree ettt
.................................................................. jﬁl‘}é‘, %%’Uﬁ, E;}ﬁ’ )Eﬁj—é, J'Hi %T)@g T%ﬁ?ﬁ }%/_;’ ?i eV (3034)
jgﬁfﬁ Iﬂfﬁﬁlﬁﬁ\ﬂiﬁﬂm 3&% U\AHEﬁﬂ:jﬂﬂ ................................................... ffﬁ%ﬁ/% ﬁ%ﬁ%i&k T%fr‘ %ﬁr #}U]&E (3043)
R = 0 M, WHEACRIFAG corveeesssneneee MECE, i, KFH, KBF, ARIE, B, 28, 5T, Rk (3054)
WX GO RN PV, L PRI ORBON - F 78, KA, A, XF, BHE, 2h0, K@, HEE, S (3063)
S DX AU T e i S M B AR DRI e Wk, MEE, ERE, ME, XNEE, 2, H%E, TH, HRAK, KK (3071)
j( AT BN R = 2015 ~ 2020 AR RAR MBI +eeerrernere e R, A, EZ (3080)
M BENT I 5 RAETG UL LM AT wveeeerreereeemm et %J@r,*ﬂ 15(%@% T%}XMT (3089)
ﬁ? CMAQ 1 HYSPLIT #2X 0 H BT E B R A TG I LR RIS TR AT HT < eeeeerrrnnneeeememm e
.............................................................................. &, ARE, TEL, WHHA, JAK, %&, MK, 3EX (3098)
2M62mo¢&ﬂﬁfﬁPmsﬁmmmﬂ%@%ﬁﬁﬁm ~~~~~~~~~~~~~~~~~~~~~~~~~~~ wE, B, HE, KOW, FOOK, FHAN (3108)
I 2022 4EH 20 g E s M fa) a3 BT+ eeerrr e
...................................................... AEE CKBE, BR, TR, Bak, REE, 2R, EE, BEE, MEZ (3117)
SN R IE TS T HE R B o eeveeeeeememmemenn ettt 3%% W, &R, BE, AR, Bk (3130)
ﬁﬁmk%%mmz%m%ﬁﬁ&ﬁ%% --------------------------------------------- Bk, #50, $RE, IH, 4R, iR, BT (3142)
Tﬁkﬂfﬂ@*’[’ﬁlﬁ}iﬁ ﬂ?ﬂ&%ﬁ&#ﬂ{ﬁ .......................................... f'JIE}] Ei I}LXX f%ﬁ(ﬁ ,Ef:-é: /\/%, W/xiﬁj(3152)
ﬁ%ﬁjﬁ{lﬂ(pc%{gm‘ﬂ‘@ ...................................................................................................... YI—‘T‘ %éﬂi ? m (3165)
A VB K R RV FE (25 S R ORI 0000000000 b, IE, 2%, TAM, 25 (3174)
KWK R SURWIH & B B (UARE S5ttt — Zmi, RAC, BB, AAE, FER, BEE, AOY, AET (3184)
AL R R A G BTG PRI BB IEA oeveeeeneeenenee HE, FERM, k-, TR, AL, RXE, ?%% FEf (3198)
zﬁ-}]%I_]{J§FET1;}(g(‘”‘pkﬁﬁﬁail\;'é{ﬁ&%pcﬁfﬁ ...................................................................................................
......................................................... ?ISX%?, ?i’(}tﬁ, %}%7 %ﬁé# gﬁ?]gﬂ g}i ﬁ;gxg )ﬁﬂ}(/ﬁ %g (3206)
T R FBE R 2K RITURPI T PPCPs 205 HEAE BB AL - oeveveereeeeeeenene RFE, BAA, KER, HiH#, %m,ﬁﬂﬁ(nn)
ﬁTﬁ&F%TK%%%&&%ﬁMﬂ .................................................................. ﬂgﬂ %%T %% ﬂqq ﬂ%ﬁ(ym)
/J\;E(T{}ILhiq:J?Ei&T7k(5 R 2 T PSP PP PR PP R P PP TR PP PPPPPPPPPPPPP |5]E;', iﬂ_ﬁ% ﬁ%j& :ﬂ% e (3237)
2K E RIS 2 LGS TR I ZE v ermerm e ?ﬁﬁ EEX 7{%57%’ & (3247)
ﬁ%%ﬁﬁ?ﬁﬁﬁ*¢@ﬂiﬁwﬂmﬂﬂﬂ%@ ......................................................... YIESE, ML, T4, TH (32600)
AR B P D B K PP TR BB - OH, B, SEE, K4, NEE, KER, BiE, HEE (3270)
PR B2 A A 5K FCA( D) AN TD) B RIRVERE BB oo KR, TR, WE#, AN, FH#H, ALE (3278)
AREIAE KT I8 P R K IR RS PR T oo [E5F, lh, B, 2RE, AL, KEH (388)
A TR T KA TR K T b e T RV ZE L T BAMA R 22 oo v veeeemee e e ettt
.......................................... KEEXE, REW, SR, KR, ki, G, Bm, BE, ERA, T2, FOLE (3301)
IET Meta AMBA0TT KT T S X BOBAL SRR oovrooersss e B, &%, E%a,?ﬁﬁ ETHE, R (3309)
&Iﬂﬁ&kﬁzﬁg%ﬂ{mg&”mﬁﬁﬁﬂqa ........................................................................... %X XU% gﬁH]&EE ﬁigjﬁ.(3321)
SRR I X NDVI AT oo bEH, 49, B, AR, 28, 548, ARG, REA (3329)
HET InVEST AREUHI PLUS FRALAY BN I LA RGEBEL  -ooooevereeremmsemmnsiens T&, TMAE, B, BE, K27 (3343)
UL TUTS U RS IE Y2 21E U R BE, RAT, 2R, WAEE, ATH, L, BEz (3353)
O R S AR i o [IUE AP RS EXT, KME LIH NE EXA (D64)
ﬁ%m‘*ﬂt%ﬂﬂ" Mi%jﬂﬁﬂﬂlﬂﬁgﬁj\fﬂﬁﬁ ...................................................... %%%, j‘}J%rﬁh, mﬁ/ i@iﬁm g,}é (3376)
U ES R A MY RS 120 Sl BT ] 7 Wi, D, kA, TR, KOF, BT (3386)
B U 5 42 L SR BEE R RS N AR B v WA, B, RRE, BHA%, 448 (339)
AL R RS XY+ SRR OB -eeveee KB, BHK, REE, ABE, KHE, 122, RXE, £4UA, BAA (3408)
P X3S X AR A - N, OB B HC I BEBE B ST +vvevsveveess e
................................................... Wz, TEE, ke h, TEAE KEK, MR, HEL, MEE, 5, HAF (3418)
B AT B ARG B TR A IR 5 RO BRI woevveesssssssssss BET, B, KA, 280 (3426)
TR X S I B R BB oovveresesenoo BEE, B, 2R, ARE, BT, 55, 2R, T (3439)
%%mwmﬂm%@%@ﬁmmw E%Em S S L TR B, Tk, U, 240, FER (3450)
2 S IR A PM, o PG R S R AT -oovoovveeeeeeneeeenes B, BEE, $AR, FEF, THY, =F (3463)
22 T B AT U R e fH b &ﬁmgﬁﬂij—%i RIS YR IE R R TEAY  «ovvveeeeommeeee e
................................................................................. ZE BN, FBEM, B B, 2FS, 5%, 454 (3475)
PMF 1 RF FI 5 Y 3 8 4 B 7 Y SR TR A 515 YL e . Uﬁjb%lﬂiﬂ]:lkll_jﬂﬁ] ......................................................
........................................................................ mﬁé ko E‘)L %ﬁiﬂ/\ ﬁi,fﬂﬂ,?&}%,%ﬁxﬁ,ﬁi (3488)
%?AM&MB%%ﬁﬂﬂﬂ%ﬁ%%ﬁ@ﬁﬁﬁ%ﬂi@ﬁéﬁ%ﬁ%ﬁ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ks, EHH, 2 A, x5k (3500)
PCA-APCS-MLR F 5 3124 i Ml e T T A B UGB <o veeerereeeerer e FER (3509)
IR KRG T T 4 B V5 AR BT -+ vevveeveereermeememe e NWE, 2HE, b, %2, %K, TEF (3520)
9T 22 A T 4 T (R IR T B BRI oo X, B, KW, B4, £44 (3531)
IR LTI 7 2R FI TR TR V5 T v LAk, BEL, $XH, hEF, EHE (35M)
RN T 22 ST I S d R AT BTG S PP oo BER, BE, HEE, kA, THE, #9, AKRE (3562)
BV EF T LRI G T A LM HL AT e oveeveereememmemeenennesesenenees #itw, B, ML, EEE, HEW (3573)
TR BPRAE LN L A AR AP 5 R oo Td, REE, KB4, A DEZ, AT, BAK (3585)
R LT R S AR BB HEINUR ++veoverrereereemmermemeess e Ay R, FE, T3, FLE, 8 (3600)
LR RO X 8122 T DL S TR, BE, BAH, 2EF, B0K, KA, TLE, ZRE (3609)
%?ﬂ%ﬁ%gﬁ%ﬁg,ﬁi%ﬁ%?ﬁm ...................................................... f—t_m’ ?*@}4\’ %pg’ ﬁ%ﬁg’ Eiﬁ(, F}fﬂ¥ (3619)

(FERFEVEITIES(3062)  (FREREE)VAERSFEIN (3116)  {FE(3164, 3259, 3572)



3
EF 50 B R O 4435 46 20234761

Eco-Environmental
Knowledge Web Environmental Science Vol44,No.6 Jun.,2023

2016 ~ 2020 FE Ry ETIZH PM, . #1 O, T LW ER
MERFEMY

skAs'?, HBLEL ) ZRBRER', kA, BISCR', BN
(1. RGBT AR KA R4 ﬁﬁjcm'ﬁ%f%mm%‘iﬁ@g%% AR 6102255 2. H AR B RS BRI 5T T
KD A ZY IR F R E G, Jhat 100029)
TE . 40 (PM, ) IR SEUR TR BB KA T5 ey, ™ i e 5 AT e, S oP Al s Tl K005 G Bl iR A7 20 S it 19 ) PM,
LS AR AEE AR, B 5, A T2 AR ) ORI A R 2RV 43 A i JE AR A 55 T 2014 ~ 2016 4R IR T PM,,
R E TR 8 h W31 3 (0, , ) Ve BE AR AU J RPIR AT 52 W 1Y) 2R 5 - I WV oG R R B (B) , TEUL LA I, R IR BE XU F B 5%
WHEPEAG G ST 2016 ~ 2020 4E AR T PM,  F1 O, o, We BE R FR K VAR b iy RIS 25 . 25 280 . D2016 ~ 2020 4F A 7 1
p(PM, ) AFIH R BAE T M 63 ng-m PR 40.92 pg-m 2 AEB TRERA N 10.14% ; SZHI, p(0,,, ) FHEMN
155 pgom 7 THE 169 pg-m 7 AEBIERKRAN 2. 23% . QBHERTT PM, X4 [R | 00 IR I 45 R R 3R G029 e 45 N S50 1 1) 2
BR-FUL O A A B B 43 510,000 360 0, 0.000 500 1 F10.000 923 7; O, XT i #9 B 43 5 50.000310 3, 0.000672 6 Fl
0. 000 700 2. MBI p(PM, ;) FEXIEHIIE 2 B R _HArERRES (35 pg-m ™) #RMHERZ 25 N ECf1Z %iﬁé%ﬁ@?ﬁk
Hadh AT Y A A @Hmﬂﬁ%ﬂﬁ%vLﬁﬁﬁélﬁ}\éﬂzﬁ%w\ 2016 491128, 416, 328 il = 2020 411972297 967FI 54
1], T 5 AF A3k G 42 PR SBT3 31440, X AR R 22 55 25 76. 60 AT, @I ;;(03 o) TESEH /Jﬁ@tﬁ:?%ﬂli
LAV B TR FE BT (70 pgem ™) SR AU SZ 36 BOR 28 5 A2 2 E 1585 T;&%E’Jél uﬂwﬂuﬂ%ﬂﬂ?ﬁ%éﬁ,ﬁﬁ
BN 201645191 919 . 779 F1 606 197+ 5 2020.4F (192 429 | 1 157F1 635", ‘Iﬁ%ﬁmél%u L\Ewmmﬁ%ﬁﬁﬁﬁ¢i’]
RSN 6. 85%%11 10. 72%, & T 0, gh/im*@ﬂ]hﬂﬁ“s'ﬁs @Tﬁ%ﬂﬁ%li‘@i)\ﬁzﬁm 79014 , xi'uaﬁ{@%%{ﬁiﬁn
% 266. 20 12,75+ ﬁk%‘ﬂﬁifﬂi%ﬁﬁ%(ﬁﬁﬁbﬁliﬁ 4%%@ Je i, R DL ﬁijﬂﬁ%ﬁiﬁﬁﬁiﬁ‘ﬁé@%TT@W iy NG®TE ﬂ%,x

jJD?E'PMZﬁIJO*UH:]{“IE?'JT%‘r% 4 i . 5 L i
9&%:%11 élﬂ%ﬁ%(PM =) R ?jtSh(%deii’}J(Oﬁ) EE%IS ﬁ%l%ﬁuﬁ,,l%;éﬁ% ' o
qﬂl@ﬁia X196 icﬁxmﬂﬁfs A iaiﬁ?JOZSO 3801(2023)06 3108-09 DOI: 10:13227/j. hjkx. 202207058

.r' 1] il ‘ vy

e -
. e

Health.,Belieﬁt_ Evaluation for PM, ;7as Well as O, , Pollution Control in Chengdu,

China from 2016 to 2020

ZHANG Ying'* | TIAN Qi-gi', WEI Xiao-yu', ZHANG Shao-ho' , HU Wen-dong' , LI Ming-gang'

(1. Plateau Atmosphere and Environment Key Laboratory of Sichuan Province, School of Atmospheric Sciences, Chengdu University of Information Technology, Chengdu
610225, China; 2. State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese Academy of Sciences,
Beijing 100029, China)

Abstract: Both particulate matter with aerodynamics of less than 2. 5 (PM, 5 ) and ozone are the two main air pollutants in China, which seriously endanger human health. To
estimate the adverse impacts of PM, 5 and ozone on human health during the implementation of air pollution prevention and control actions in Chengdu, both the generalized
additive model and the nonlinear distribution lag model of epidemiology were adopted to explore the exposure-response relationship coefficients 8 of daily ozone 8h maximum
concentration average (0, g, ), as well as that of PM, 5 on disease deaths in Chengdu from 2014 to 2016. On this basis, the environmental risk model and environmental
value assessment model were both adopted to evaluate the health effects and health benefits in Chengdu from 2016 to 2020, respectively, with the assumption that PM, 5 and
0, concentration were reduced to specified air pollution control limits (35 wg+m ™ and 70 pgm >, respectively). The results showed () the annual concentration of
PM, ; presented gradually decreasing trends in Chengdu from 2016 to 2020. Specifically, p(PM, 5) from 63 pg+m ™ in 2016 decreased to 40.92 pg-m ™ in 2020. The
average annual decline rate was approximately 9. 8%. In contrast, the annual concentration of 0,_g, from 155 pg+m ™ in 2016 increased to 169 pg+m ™ in 2020, and the
increasing rate was approximately 2.4%. @ Both PM, 5 and O, g, had lag effects on three types of disease deaths. Under the maximum lag effect, the corresponding
exposure-response relationship coefficients B of PM, 5 were 0.0003600, 0.000500 1, and 0.000923 7 for all-cause, cardiovascular, and respiratory premature deaths,
respectively, whereas the corresponding 8 of 0, , were 0.0003103, 0.000 6726, and 0.000 700 2, respectively. B) If p(PM, ) was reduced to the national secondary
standard limit (35 pgem ™), the corresponding number of health beneficiaries and economic benefits declined yearly. Specifically, the health beneficiary number of all-
cause, cardiovascular, and respiratory disease deaths were reduced from 1 128, 416, and 328 in 2016 to 229, 96, and 54 in 2020, respectively. There were a total number
of 3314 avoidable premature deaths for all-cause diseases during the five years, resulting in a total health economic benefit of 7.66 billion yuan. @) If we assume that
p(0, 4, ) was reduced to the concentration limit specified by the World Health Organization (70 pg+m ™), the corresponding number of health heneficiaries and economic

Wrfs HEA: 2022-07-05; 81T BHA: 2022-08-20
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benefits were increasing yearly. Specifically, the health beneficiaries” numbers of all-cause, cardiovascular, and respiratory disease deaths rose from 1919, 779, and 606 in
2016 t0 2429, 1157, and 635 in 2020, respectively. The annual average growth rates of avoidable all-cause and cardiovascular mortality were 6.85% and 10.72%,

respectively, which was higher than the annual average rise rate of p( 0, ¢, ). There were 10790 total avoidable deaths from all-cause diseases during the five years, resulting

in a total health economic benefit of 26. 62 billion yuan. These findings indicate that PM, 5 pollution in Chengdu had heen well controlled, whereas O, pollution had hecome

more severe and had become another key air pollutant threatening human health. Therefore, the synchronous control of PM, 5 and ozone should he implemented in the future.

Key words: particulate matter with aerodynamics less than 2.5 (PM, 5 ) ; daily ozone 8 h maximum concentration (0, g, ) ; Chengdu; health benefits; economic loss
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