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o ] @ R o 38 [ il R SO0 i 5T BT HEL
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BT AeEk414T7 N HAETS, SRR EAET AE
1%, foHERIRARMERER AN KEER, M,
A ERNEN EE X A E K, PM, K 0] 28 B8 il 5 3
T 1423 M98 T3 Nk BLIETS, [ AER ST AEL
) 58% (Health Effects Institute 2%, 2020). HULA]
UL, EURTER B PM, 75 e i) ak AR TR 9 7
PR

HAT, O 24545 E PM, 5% i fH 1k
T 7o (BN 48, 2021; 225 4%, 20215 Yue
45 2020; Maji %, 2020). Fang% (2016) 47
T 2013 4 [E 744> LT ) PM, 2 R T B
Wt H, WFFEF I 744 B B0k e T
NEE 4 BT MBI 329%, O I A5 99 ol &
PPN, YueZE (2020) X E S (RAI5
PePIG HARATEITRI) BORE (20134F—20174F),
PM, 15 G 3 350 AF 20 R0 T N B8l 45 A8 Ak i g
HERias, 4500 PM,, 25 S a8t AT AL
2017 AEAH EE 2013 4R 9870 T 6.4 1 . Maji 5% (2020)
PEAG T CRATG Y B IA TARATshi T4l B4 S it o
Jb 5T 2014 4E—2018 4F PM, 1k J& Fll ot FLAE T A%k
B, 25 R B 2018 4F [H PM,, 2 18 5 30 3 -
FET- NEH LG 2014 4R35 /0 T 5.6% . BRitbz 4,
H B E R D PM,, R R SR AT T A b
(Sahu ¢, 2020; Manojkumar 1 Srimuruganandam,
2021; Limaye %, 2019), Sahu% (2020) fl%H T
20154FENBE PM, R ER AR M@ 14, Bl FAeT:
ANEGA 161 5 A, Limaye % (2019) #4117 2030 4F
EEE PM,, BR 85 MR 2, JFAG R T e T BURR 8
P 2w 1Y ok 88 T N X . Manojkumar Fl
Srimuruganandam (2021) #2019 4FE[ J& PM,
W SEREARAT R A RS Tl B R 2R, &5 R ot
TR MG IR IR AE PM, v B 55 v HLN 1125 4R 11 b
X, PRI YR A5 20 i f AL 25 Fe K o

AR S AR T B A A 5y 1 1) B AT A 7Y
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[ 58 PM, , Vi B B 952 0 8 A4 A S0 g s i) e 9 2
46 AR LA AT 2 . BLah, DAARir s K£ %
J& ALRI, COPD. THD. LNC il STR iX 5 5 Jiig ¢
Ui, A% EDIA SRR AT AL, X 1

T PM, RPN A AN 2T (Maji, 2020;
Jain %, 2017; Huang%, 2018; Guan%:, 2019).
PR, AR 5L T T S 8 g I 1] e 471 i 1
R PM, R, 3 HT T 2000 4F—2018 4F-H1 [
FIEN FE A [ 5 PM, ;¥ J3E 8- 300 e ] 341 5 )
1 IR oA, 45 RPN AT ST GBD (Global
Burden of Disease) 2019 4F % 7ii B9 5 57 25 A % B4 1)
M IER (Integrated Exposure Response) #7124
PEAS T PM,, K 5 R 2 B0 6 Bl W (ALRI,
COPD, DIA, IHD, LNCFI1STR) Myl FIET: A
Ko, WERESACKA B T AT 1 b E RED BE PM,
W S e ik FLAE T AN B K I s AR A R
AT HS T 3 ) 75 G 55 o 1) DX T e 25 < T5 e TR
HVE. JE AT A PR T 6 Fh s 2 i 1 o AR
TONE, AR T AR PM, 2 85 5 R A5
THHAINR, A BT A E %455 5br, JUH
XF T B A M X, SR X BT B ok
IR 1 4H

2 BRSOk
2.1 HIRIE

AW EEREIR (R D WF .
(1) Y& 2000 4E—2018 4F 0.01°x0.01° 25 [] 43 ¥
RN A KR PM, A VDR 2 B K A Hammer
#1 Van Donkelaar A1 BA o 1% PM, ;¥ & i 46 & 3 T
GEOS-Chem KAk 272 A% Hi A5 78 s B O 2 JE B
P45 (MODIS, MISR #l SeaWiFS), 5%
AL S5 e b AT A OE, A5 E @A B PM, 5L
Wi HABRVEEIN, % PM,, ¥ 550G 4 5 o i 1
S B 2 = E—3, R*80.90—0.92 (Hammer
&5, 2020) X THREHIX, PM,EKEBEHR TS
i TET W O AT B S A — ok, o,
R4 0.81 (Yang %5, 2022), slope 4 0.9 (Zhang
4%, 2021), RMSE & 7.05 (Yang fll Jiang, 2021).
(2) B BN RS Ot e 5T 58 AR AR 04 S 40 2
¥ &1 Landscan™ 8445 42, 25 T 2000 4 —2018
AR BRAC A B ZIW N ARS8 BB W AE o A, 25 (]
A3 HER R 0.0083°%0.0083° . AL A T A
A MR AR R ER TR, R T ZonE
BROHELE , AR H 451 [ 58 0 X I ) B3 4 12 R s B
Ji s 37 (https://landscan. ornl. gov/[ 2021-03-02] ) .
(3) 2000 4E—2018 45 H [ F1EM BZ 14 4F % 25 44 K4
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ok [ 2 [ AR R 2 il B4 Bk 5 PP AL HLA THME
(Institute for Health Metrics and Evaluation), &
22 J2 1t A (] AR08 B N T EE A (Global Burden of
Disease Collaborative Network, 2018). (4) 20004F—
2018 4F H [E FIENBE 6 R 23 (ALRI, COPD,

DIA, IHD. LNCHISTR) (%[ %23 ifEIE T %
Rk H GBD TELRBUIE IFE . weAh, AR 5T F
ArcGIS $E N 1 A% B4l 43 5 3BT R A 2 0.01° %
0.01°, 5 PM, W BEEEUE - 03—

*®1 HIEE
Table 1 Data Sources
Bl e WHEAEGY =R Kot ke 5
PM, #JE  2000—2018 0.01° Hammer /1 Van Donkelaar A1 A (https : //sites.wustl.edu/acag/datasets/surface—pm2-5/)
AH 2000—2018 0.0083° LandScan™ (https : //landscan.ornl.gov/)
AERYZER 2000—2018 — IHME (http : //ghdx.healthdata.org/record/ihme—data/ghd-2019-population—estimates—1950—2019)
FEMEFET-% 2000—2018 — GBD (http: //ghdx.healthdata.org/ghd—results—tool )
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HE FIENRE PM, R B 19 4R4F 35 00 A HAT B S 1Y
Z AR (E1) . 2005 4, 5 1A 4141 WHO
(World Health Organization) %}%§ PM, AF$476 B 15 37,
T ANFERME: HENE AQG (Air Quality Guidelines )
A 10 pg-m>, HAFRME 1T-3 (Interim target-3) K
15 pg m>, HARME 1T-2 (Interim target—Z) 25 pg m>,
HHR{E 1T-1 (Interim target—l) 35 pg m’, 20214,
WHOH AQGIE T IHES pg-m™s EHE, mkE
PM, i )8 FEAE PR (AR K IE
Vralr S X)) . VO &R (WO k) Fpgdeis G
B ) o XEEHE X PM, W W AR B T 60 pgem”, it
P T AT-11H (35 pg-m™), [Hi& 8 PM, K =
s AT Bl T . Horb, B 32 B R 2ok
LI TP 055 HARTEZ R, PM, iR 4R
P s DUt £ 22 MBS, PM, A 5 3 HK
T A R 5 b SRR Y28 T Y 45 b X )
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TR T, PO, BB VAN Sl By L ER P,
TR, PM, RS B ARAR T 10 pg-m™, 385 T
20054EH9 AQGAE (10 pg-m™), {HAT5 R T 2021 4
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EE LS. MR EMX) , 19 4EAUAEYY PM,,
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WEE IR T 60 pg-m™, XEEMIX A MHE, T
Wik, HHab 5, FER . ROl S )
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Fig. 1 Average spatial distribution of PM, ; concentrations in
China and India over 2000—2018
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TS 920 (Wei %%, 20215 Xiao %5, 2022),
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Fig. 2 Spatial distributions of change rates in PM,  concentrations during 2000—2018 and 2013—2018 in China and India
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Fig. 3 Proportion of the population exposed to different PM, ; concentrations and the inter—annual variation of population—weighted

PM, ; concentrations over China and India during 2000—2018

5 PM, B G HITA

2000 4E—2018 4, [E FIED BE A PM, K 0] 2%
e FE A FAE T AR A AR 4 s . n] L
A, P EE R T AN B AR R ORI A
H [ PM P55 B FH 5 o (1 M IX B AR R PR AR L
X (dbat, K. v ANmdL), fedh fdEA X
JeEB (Wpd . AR . LB TLORR i) LUK
Wb X (DU AT A PG ) o 30 Bl X PM, YR B
A OB R, B PM, 2 88 S 80 i 7
BT NEUTE £ . 17 PM, 5500 B HH 4 ) b X 2 2
I IX CHrsm A i) . PR HbIX (PEHD) |
ARACACFRANPI S AF M X, 3k 4 i [X AL 9K PM, ¥k
BE AR —, AN % R A XA, BRI PM 2
B FE S AT A . H 194 B AN

TR AT A, o R T B A3 ] 43 A
TAEF . 2000 4F—20184F, ENFEE PM, it FIET- A
B s A% SR B AFE AR S 0 A, R BRI
ERAACTR A B B 25 55 . KR ERAE PM, A 5]
A AR T ANBCEEED AL i 2, o5 |
L LN 2 B N | oy = N = [ 0/ NS 1 A
A AR AE X e /b o BIESE I A], R A A BB TN
B3 A 5 PM, R BE A AR, S IS v e A
A A B — 80k, JE3Z AN E H s E X
T AR 0] F &R 7K

2000 4E—2018 4, [E FIED BE K PM, , 2 75 i
Y ET BAETS A% (ALRI. COPD. DIA. THD,
LNCHISTR) Hf[EZE{LULIE 5, 20004F, HE ) &
W RBET ANBC 909 7 N, BT 2018 4F LI+ &
137.8 TN, HHEINT 52% (4695 N) ., RAEHHE



AT A 2000 FFE—2018 4F rv [ F1ER B (194 10 PM, 75 S 22 5 1 2 T JH o 1839

A LR T B AR S B ks A, (L AT
N B 3G 0 8 RE AN B T SE . 2000 4E—2018 4F
ERRE R R T N B IN T 118% (40.7 5N+
20004FH34.3 77N, 20184FE M ZE 7577 N, Bk
ENEE (50.6 5 N) 4AEH g HAE T A K0 AR T
tE (122.8 3 0), HEDJEE A0 3G B2 2 AN Y

JEE A E N HINALPM, ¥ BETEAN SAF 03 5 30
RS, HEMESL TR AR A E KA D
SEEA I, P PM, 8 S Bl BAE T A
BRI R BT, TR
PP R A St , PM, R EEAT TR,
T AT T N 3 A T 2%

EEFET (Ax10)
07

[ 720—1600
I >1600

45 : GS 7 (2023)0738 5

K4 20004—2018 4F i [EAIEN B Bt FAET A %534 (ALRL.COPD \DIA .IHD \LNC FISTR)
Fig. 4 Distribution of total premature deaths (ALRI, COPD, DIA, IHD, LNC, and STR) in China and India (2000—2018)
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Interannual changes in total premature deaths (ALRI, COPD, DIA, THD, LNC, and STR) in China and India

from 2000 to 2018
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Abstract: With the increasing frequency of air pollution incidents worldwide, many studies have focused on the disease burden from long-
term exposure to PM, pollution. In China and India, the two most populous developing countries in the world, the disease burden
attributable to PM, ; exposure are particularly serious. Therefore, these countries need to develop a multi-year and comprehensive dataset of
PM, s-related premature deaths to support their future air pollution prevention policies. However, only few studies have explored this topic
over the past years. To fill this gap, this study analyzed the spatial and temporal patterns of PM, 5 concentrations and changes of population
exposure to PM, 5 in China and India over the past 19 years (2000—2018) using high-resolution (0.01°x0.01°) satellite data. Combined with
the Integrated Exposure Response (IER) model, this study comprehensively assessed the premature deaths from six diseases due to long-
term PM, 5 exposure, including acute lower respiratory infection, (ALRI), Chronic Obstructive Pulmonary Disease, (COPD), type 2 diabetes
(DIA), Ischemic Heart Disease (IHD), lung cancer (LNC), and stroke (STR).

Results show that those areas with high levels of PM, s concentrations in China were concentrated in Xinjiang, Sichuan Basin, North
China Plain, and the Yangtze River Economic Belt. The annual population-weighted PM, ; concentrations showed a decreasing trend (50 pg-m
in 2000 and 40.8 pg-m~ in 2018). In India, high levels of PM, ; concentrations were concentrated in the north, including Punjab, Haryana,
and Uttar Pradesh. The annual population-weighted PM, ; concentrations increased from 51.5 pg+m in 2000 to 76.4 pg-m in 2018. The
number of premature deaths caused by PM, s exposure in China increased by 34.1% from 908000 in 2000 to 1378000 in 2018, with the
annual average premature deaths totaling 1228000. STR was the major contributor to total premature deaths in the country, accounting for
45.9% (563000) of all fatalities. In India, the number of premature deaths attributable to PM, s increased rapidly from 343000 in 2000 to
750000 in 2018, with a net increase of 407000. The annual average premature deaths were 506000, the majority of which were attributed to
IHD and STR, which accounted for 39.9% (202000) and 25.5% (129000) of all deaths, respectively. Moreover, DIA was responsible for
29000 (2.3%) and 30000 (6%) premature deaths in China and India, respectively, and therefore should not be ignored.

Overall, this study established a long-term series of high-resolution datasets on premature deaths due to PM, s exposure in China and
India. The number of premature deaths caused by air pollution remain high in China and India, both of which have high PM, ; concentrations
and population density, thus necessitating stricter air pollution control policies. These results provide a reference for the formulation of air
pollution policies in these countries. However, in estimating premature deaths due to PM, , the baseline mortality rate did not consider the
differences caused by the level of development and medical treatment within a country. Therefore, in a future study, the researchers will
incorporate the sub-national baseline mortality rate when assessing premature deaths.

Key words: remote sensing, PM, s, disease burden, premature deaths, China, India, long time series
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