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Health Benefit Evaluation for PM,, and PM, ; Pollution Control in Zhengzhou,

China, 2014-2016

HAN Shi-jie', WANG Jia*, YAN Qi-she', YANG Liu-ming', ZHAO Qing-yan', WANG Shen-bo', LI Chen',
ZHANG Yi-shun', ZHANG Rui-qin' *

(1. Research Institute of Environmental Science, College of Chemistry and Molecular Engineering, Zhengzhou University, Zhengzhou
450001, China; 2. College of Public Health, Zhengzhou University, Zhengzhou 450001, China)

Abstract; Based on the annual average concentration values, the health effects and health benefits as well as 95% confidence intervals
of PM,, and PM, ; pollution control from 2014 to 2016 in Zhengzhou were evaluated by applying the Poisson regression relative risk
model. Results showed that the health benefits of PM,, pollution control were 18. 18 billion RMB (15.04, 21.12), 24. 25 billion RMB
(20.25, 27.94), and 20.62 billion RMB (17.33, 23.92), which accounted for 2.7% , 3.3% , and 2.5% of the GDP of
Zhengzhou, respectively, in 2014-2016. The health benefits of PM, . pollution control were 17. 88 billion RMB (14.37, 21.16),
21. 65 billion RMB (17.46, 25.53), and 17. 25 billion RMB (13.78, 20.55), which accounted for 2. 6% , 3.0% , and 2. 1% of
the GDP of Zhengzhou, respectively, in 2014-2016. After the PM,, and PM, s pollution was controlled, the number of urban
beneficiaries was higher than that of rural areas, and acute bronchitis beneficiaries were higher than the beneficiaries of other health
end-points. For chronic bronchitis, adults benefited more than children, while the opposite occurred for asthma. In this study, chronic
bronchitis had the highest health benefit, followed by asthma, and outpatient and inpatient setting had the lower health benefits.

Key words:PM, and PM, ; ; health effects; health benefit; urban; rural
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Table 1  PM,, and PM, s exposure-reaction coefficients and baseline incidence data for different health end-points
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Table 2 Medical expenses and average hospital stays for different health end-points
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Table 3  Health effects of achieving the PM,, air quality standard/person
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80 810 37 489 102 886 44748 86 342 35267

(31612, 118297) (14665, 54880) (41710, 145927) (18 141, 63467) (33732, 126546) (13778, 51688)

P S R 8971 5437 11 656 6623 9578 5111
(0~14 %) (7574,10307) (4591, 6247) (9900, 13314) (5625, 7565) (8085, 11007) (4314, 5874)
o Mtk AR 12 048 7302 15 440 8773 12 869 6 867
- (=15 %) (10374, 13626) (6287, 8258) (13396, 17335) (7611, 9850) (11078, 14559) (5912, 7769)
L T 42 999 19 948 55320 24 060 45925 18 758
(0~14 %) (28050, 56875) (13013, 26385) (36701, 71947) (15962, 31292) (29940, 60783) (12229, 24827)
L e 26083 7563 33721 9 166 27853 7110
(=15 %) (13664, 36767) (3962, 10660) (18026, 46 638) (4900, 12678) (14580, 39289) (3722, 10030)
1) 948 K 95% EAF XA, TIA
k4 fros, 162014 ~2015 4F[8]), PM, ik %3] PRS2SR BEm AN R AREZ 25 HROK, 2014 ~

THOREIRIET , T2 A AB(LIOT AT, $ES T 2016 AR, 3 Fhd R A7 5 AR 2z

fi NEL

N 95% BAZIX[A]) 239 A 35. 4 (18.3,49.9)  41.3 9 79.3% ~80. 1% . O ILE PR I A B0k /4

(21.5,57.8)F131.4 (16.0, 44.9). Hopizzs b, ICHEFABIN0.9% . ANFEFRFB,

BEUN

NEE a2 NE 68.5% . 69. 8% 1 71.3% . A B A PV W R bR IS MR, AR5 Bz

F4 PM, kB RS RERRAFT R ENR A

Table 4  Health effects of achieving the PM, 5 air quality standard/person

o 2014 4F 2015 4 2016 4
HH TR b
i Ay i AT g At
, 588 273 737 320 649 265
e 3%
i ST (281, 906) (130, 420) (352, 1134) (153, 493) (310, 1002) (127, 409)
A 4120 2510 4925 23813 3685 1976
I R GE)
. YRR RS (0, 8114) (0, 4942) (0, 9657) (0,5515) (0,7293) (0,30911)
A 1604 702 1921 788 1432 552
a (1021, 2179) (447, 954) (1224,2607) (502, 1070) (910, 1948) (351, 751)
I 18310 8 494 24170 10512 19500 7965
s (6601,29165) (3062, 13530) (8727, 38448) (3796, 16722) (7019,31110) (2867, 12707)
\Z
WL 46123 21397 55 896 24311 41182 16 821
(25562, 65527) (11859,30399) (31006, 79346) (13485, 34510) (22801, 58564) (9313, 23921)
81277 37705 94740 41205 74836 30567

(31663, 118347) (14689, 54903) (37614, 135678) (16359, 59010) (28522, 111 121) (11650, 45387)
YRER 8989 5448 10 592 6019 8174 4362

(0~14 %) (7579, 10322) (4593,6256) (8959, 12126) (5090, 6890) (6866, 9419) (3664, 5026)

MBS R 12 069 7315 14119 8023 11 066 5905
s (=15 %) (10384, 13643) (6294, 8269) (12197, 15899) (6931, 9034) (9477, 12565) (5057, 6705)
BERE(O - 14 %) 43143 20015 50573 21996 39 466 16 120

(28374, 57167) (13163, 26520) (33554, 66409) (14593, 28883) (25694, 52847) (10495, 21585)

26 237 7607 30833 8381 23931 6109

(13618, 36717) (3949, 10646) (16178, 42726) (4398, 11614) (12268, 33875) (3132, 8648)
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FABR R TR S0t , A SRR % &
TXTEERG R SEM. S34h, TR RN 2
8 2 BUM A AR R 2t i e e A2 R AR R], ARBFE
R NRPRULERZ f5 ABUIR T SCER[9 ], ming
W ZR G 95 TN M SR 9 32 2 N U v
2.3 (#RZTR

W5 fas, 2014 ~2016 4EfE], #46] PM,, 755
J ity e ) f B 22 9% sk (LA oTit, FS e
95% B 15 X [8]) 43 %]}y 181.8 (150.4, 211.2)
242.5(202.5, 279.4) #1206.2(173.3, 239.2) , 4+
G RN T Y A BE M 2.7% . 3.3% M
2.5% , i T BV BT X mUH B M X A B 5
T 52 2 NSRRI BT 3% I AN [R]85 fat R ¢ iy
XS AL £ TR LA BT 25 0. H g R S R
RoTEIRZ, /0910 150.3(128.3, 171.1) . 200. 0
(172.0, 226.3) F1169.2 (144.5, 192.8), 43l 5
RN 82. 7% | 82.5% F182. 1% , 1 Lb T 3CHik

[4TRRESE s HUCOh R, 4300 i B ER 19 6. 0%
6.7% M 7. 7% , & Il T 3CHk[ 4 ) 9aF5E. iR
25 IR BB 5 AN A B X 75 YK - R 05 kR Al A
K, RFRBTERIKT- 23057 25 NBORE], 45 &
JEAG LS 3 VOSL A i 22 5. A T2 fEBEA
D, ORI R sk, A A g
1 1% ~1.2%. S8 2M U8 R 2 58 N
Z , A0l F IR BT P A AR, A&t
2% TR AL TR K. i FESFI B R
BOMZREE N VB (2205 | 45 {8 B 2 0m /e i 5 4k
T 22 T) Bl R 22 5 0 3 kA T 25 B, Bk B AR BT
BRI 5 3 AR RE, 4300 o B 48 AN 5 Y 64.3%
65. 8% F1 67. 3% . JEH v £ fidt B 2 vt 1) £t B A% 4 73
R 1.6 ~4.1, 1.8 ~4.2 Fl 1.8 ~4. 4 .
RIRAEIE BB, R 25 5 Ak 35 TTAROR TR), X T2 ik
TEER, BN (15 % XKLL L) siEkE T ILE (0 ~
14 %), Tz R ) L ok s T A

RS PM, BB GESREMRERTRMBERNE 10T
Table 5 Health benefits of achieving the PM, air quality standard/hundred million RMB

o 2014 4F 2015 4 2016 4
T H {e & St . . .
WA Akt W ekt WA ekt
. 8.8 2.2 13.1 3.1 12.9 2.9
i FETR (8.1,9.7) (2.0, 2.4) (12.1, 14.4) (2.9,3.5) (11.9, 14.2) (2.7,3.2)
) 0.5 0.3 0.7 0.4 0.6 0.3
I, 22 255
e, FIRARGEDR (0.4,0.6) (0.2,0.4) (0.5,0.9) (0.3,0.5) (0.4,0.7) (0.2,0.4)
0.6 0.3 0.8 0.3 0.7 0.2
s I 2555
Gl EHA (0.3,0.9) (0.2,0.4) (0.5, 1.2) (0.2,0.5) (0.4, 0.944) (0.1, 0.4)
LA 0.1 0.0 0.1 0.1 0.1 0.0
iz : (0.0,0.1) (0.0,0.1) (0.0, 0.2) (0.0,0.1) (0.044, 0.2) (0.0,0.1)
\Z
WA 0.2 0.1 0.3 0.1 0.2 0.1
g (0.1, 0.3) (0.0,0.1) (0.2, 0.5) (0.1, 0.2) (0.1, 0.3) (0.0,0.1)
1.5 0.7 2.0 0.9 1.7 0.7
£ J= A s
RHELUER (0.6,2.1) (0.3, 1) (0.8,2.8) (0.4, 1.2) (0.7, 2.5) (0.3, 1.0)
P S R 40.0 24.2 54.9 31.2 47.1 25.1
(0~14 %) (33.7,45. 9) (20.4, 27.8) (46.1, 62.7) (26.5,35.6) (39.8,54.1) (21.2,28.9)
s MBS R 53.6 32.5 72.7 41.3 63.3 33.8
- (=15 %) (46.2, 60. 7) (28.0, 36.8) (63.1, 81.6) (35.8, 46.4) (54.5,71.6) (29.1,38.2)
W Wi 7.2 3.4 9.3 4.0 7.6 3.1
(0~14 %) (4.7,9.6) (2.2, 4.4) (6.1, 12.0) (2.7,5.2) (5.0,10.1) (2.0,4.1)
W i 4.4 1.3 5.6 1.5 4.6 1.2
(=15 %) (2.3,6.2) (0.7, 1.8) (3.0,7.8) (0.8,2.1) (2.4,6.5) (0.6, 1.7)

W% 6 frzn, 2014 ~2016 4E[E), PM, ik 3] 4%
VAR 32 IR I ST 77 ok 118 g 28 % 3 25 ( M2 T i, 46
SR 95% B AE X)) 43 Bk 178.8 (1143.7,
211.6) . 216.5 (174.6, 255.3) 1 172.5 (137.8,
205.5), 43 o KON T Y AR AR R RE 1 2.6% |
3.0% M 2. 1% , T B2 91241 FsEgh %
M. AL TZEEIE 50 MRS, M T &R
U YT R A2 25 NBANTA] e HE TR T 2 I
X—f@REL S, A SO PM, IR FR S A0 £ BE 28 5

RAESCHR[ 9T/ 1.5 ~ 1. 9 f%5. AW 18 <
RN TR 45 1) DTk R =, 40l 7 T 84.2% |
84.3% M1 84. 1% . [ 1IZHFIEBENE DAt ke i 22 5%
RS ATVIRIAG, A 2519 0. 8% ~1.0% . £
MK, PM, o W& BE TR AR I ol R I & BF AL 25 7 4
ERREE T 67. 1% | 68.3% F1 69.7% , 5 PM,, ¥k &
PR G 2T RS 5 R, REARIR BB, 3Rk
25 TUIRA A3 AR FLEE S PM o R iR i 4 T

Bl A B AL E R 0 HEBE, B ER T PM, M



2570 7N 5%

B 40 %

PM, 75 4% T Y Il B s BB i 4 4 B 4E T
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il PM o Fl PM, ¥ BE 98020 PR HE ¥ % 17 3 o 1) fde
RGPS, 16 2014 ~2016 4E[8], PM, (¥ ¥ 5

PM, 1 54. 4% ~60. 4% , i fid BE R (5 83. 6%
~99.2% , V35 83.6% ~98.3% , Kt
ML S PM, 5, REARCH MR B2 A (] i 3k 31 35 K
IDEER &S

®6 PM, kB —RESRERARGERBBRRH 0T
Table 6 Health benefits of achieving the PM, 5 air quality standard/hundred million RMB

. 2014 4F 2015 4F 2016 4F
5 2y
TH R S K S K e "
. . 6.6 1.6 8.7 2.1 8.0 1.8
i FETH (3.1, 10.1) (0.8,2.5) (4.1, 13.4) (1.0, 3.2) (3.8,12.3) (0.9, 2.8)
_ - 0.3 0.2 0.4 0.2 0.3 0.2
. WFIR AR SN (0,0.6) (0,0.4) (0,0.8) (0,0.4) (0,0.6) (0,0.3)
N s 0.4 0.2 0.5 0.2 0.4 0.2
AL LB (0.3,0.6) (0.1, 0.3) (0.3,0.7) (0.1, 0.3) (0.2,0.6) (0.1, 0.2)
LA 0.1 0.0 0.1 0.1 0.1 0.0
Mg g (0.0,0.1) (0.0,0.1) (0.0, 0.2) (0.0,0.1) (0.0,0.1) (0.0, 0.0)
WEH 0.2 0.1 0.3 0.1 0.2 0.1
(0.1, 0.3) (0.0,0.1) (0.2,0.4) (0.1, 0.2) (0.1, 0.2) (0.0,0.1)
e 1.5 0.7 1.8 0.8 1.5 0.6
R R (0.6,2.1) (0.3, 1.0) (0.7, 2.6) (0.3,1.1) (0.6,2.2) (0.2,0.9)
MBS R 40.0 24.3 49.9 28.3 40.2 21.4
(0~14 %) (33.8, 46.0) (20.4,27.9) (42.2,57.1) (24.0, 32.4) (33.8, 46.3) (18.0, 24.7)
s 18 M RER 53.7 32.6 66.5 37.8 54.4 29.0
N (=15 %) (46.2, 60.8) (28.0, 36.8) (57.4, 74.8) (32.6,2.5) (46.6, 61.8) (24.9,33.0)
W Wi 7.3 3.4 8.5 3.7 6.5 2.7
(0~14 %) (4.8,9.6) (2.2, 4.5) (5.6, 11.1) (2.4,4.8) (4.2,8.8) (1.7, 3.6)
I ity 4.4 1.3 5.2 1.4 4.0 1.0
(=15 %) (2.3,6.2) (0.7, 1.8) (2.7,17.2) (0.7,1.9) (2.0,5.6) (0.5, 1.4)
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25 NBUE M52 25 AN 68.3% ~71.2% 1 68. 5%
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I T2 A B NS00I/ T 7 Of 1Y) 28 9% A% 4t DT ik e /)
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. [EEF, ARG PM,, A1 PM, | A8 5 58-I 56 &R R AL
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