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[Abstract] Objective To explore the short-term effects of ambient PM,s on the outpatient
visits of chronic obstructive pulmonary disease (COPD) in Ningbo city. Methods Through the
regional health information platform, number of daily COPD outpatients from the four general
hospitals in Ningbo was gathered. Related data on meteorological and air pollution from 2014 to 2016
was also collected. Generalized additive model (GAM) of Possion regression was used to estimate the
impact of PM,; pollution on COPD outpatients and the lagging effects. Results In cold (November-
April) or warm seasons (May-October), an 10 pg/m’ increase of PM.s would result in the excessive
number of COPD outpatients as 1.87% (95%CI: 0.98%-2.76%), 2.09% (95%CI: 1.11%-3.08%) and
2.56% (95%CI: 0.56%—-4.59%), respectively. In terms of the short-term effects of PM.; the strongest
was seen in the days of warm season but without delay (P<<0.05). The strongest effect appeared at day
4 in cold season and the effect was particularly significant seen in the over 65 year-old group or in the
female population. After the introduction of PM,,, SO, and NO,, the concentration of PM,;, did not
show significant effect on the number of hospital visits due to COPD on the same day (P>0.05). The
effect of COPD on the fourth day showed a slight change after the lagging, and the effect was
statistically significant (P<<0.05). Conclusion The increase of PM,s concentration in Ningbo was
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related to the increase of COPD outpatient numbers. Effective prevention measures should be taken to

protect the vulnerable population and to reduce the risk of COPD.
Ambient PM,s; Chronic obstructive pulmonary disease;Generalized additional

[Key words]
model

Fund programs: National Key Research and Development Program of China (2018YFC1315305);
Zhejiang Provincial Key Medical Discipline “Field Epidemiology” (07-013); Ningbo Health Branding
Subject Fund (PPXK2018-10); The Medical Science and Technology Scheme of Ningbo (2016A02)

DOI:10.3760/cma.j.issn.0254-6450.2019.06.016

SERVEE Y, COPD H A #4514 £ S A 4t
R, EBR A >40 F ABFE 2013 4F 5k i AL
290 J7 ABET="', COPD i 1k 38 [ ) o B /0 St
TPARE, 2012 4R AT A, R E K
SRR 15 G2 AR T e I R AN RARE ]
WU EFE RN R . BFFT R KAk 1 ARl
Ji » 2 P HERG PR T S A R T, (45 P S E A0 2R
A6 NP BOIAE &AL, 5| EE T 2R S5 0t 5 1%
Wiy Sl D) HE T % . COPD Jili 46 55 . ATHG F Aot %
B, PM,s K54 5 COPD 22 k12 AF B MET %%
YIRS JmApsk, 3k Bk 28 KI5 4K A B
RS, BRI T 2 R AR A T, 28R
TG YR X LT EAE N D Il R SR U
TE 0 I I 3R 6 (i s B 3 1 AR TR ) A B
FBRE 112 8 S WA AT ek TR Al B2 il 11
3KFEbR. FRERFHEMZ S EA AN TH M
2y, BRI 12 A A BT R 55 AR
SRR, AT TS PR LA | R A Y
2K FH PML s 22 82116 HoxF COPD Hu& T3 A Bt
55-A TR

T T LA R HL g A S A I Sk Rl e 1
T R ETG S T B RREEX
DA B A LAR) (i 8 Y I T3 ) 3 e o B g K
B B TRAFE AR AR, 0T LA 12 g 174 0000 2 1
TAHMERF, ZRKERT 12 TR R LS
B ABIFSE A BT T 4 R AR BV & 1 T8
SR SR R[5 51 06 YT R T U1 ) 1 SR oA 784
(generalized additive model, GAM ) i€ & P4 T 7 1T
KA PML 575 X} COPD [ Ji2 8 A5 .

AREHZE

1. ORI 7 B T 4 A R AR B S Y
TUWATIRX 4 FK TR = WP ELE A ERE 201441 A
1 H#®E20164F 12 H 31 H #1219 COPD ]2 &
HOGERE . MR PR e s 3 SOAE IR Ay 2R AR
(ICD-10) Zat % X ¢ Ak i A7 4 3 Wi 4 ICD 45 h
JA4 512 B VR AR TR AERE B2 H SR,

T GORHS AR YE B TFUM , T2 B IE - Ry A
YN YN S & S T

AR LR T TR R R, afhem
H#00E  H SAEXHR R A H Y%

[ ZS ST5 G H B0 B BORE 7 i T PR 1
TR | ELFE AR AB0R ) (PMLs) L 1T B A UKL 4
(PM,o) . S ALHR (SO,) Fl — 4 AL A (NO.) , X 7 55
TR TR X 8 A 71 52 W sy o5 R85 i SR A AR 24
[EREPN R EE S RS aErS s o

(1) 57 GAM [ B35 Qe R AY < R 1 GAM )
BT KA PMLs R X COPD % H g2 2 W52, %
JEE B H /) COPD &% R /M ZFH A%, If- Al REAAAE
o BB e, SR )T SR AR R (Quasi-Poisson ) A5
Y - i A 2% PR 2L (smoothing spline function) 814
IR AN 2R G K IR ] a3 R4
R 2R, SR I AR 4 i) B TLRON, " o EET A LA
AU i A5 AR B 22 JEURN A IR 1 ~ 30 d B fl B AH OC
(PACF) 1B Flli5e /NS S {E 8 5 05 [A) A 25 pR R ) F
B B BB, 51 AR T AR 4 ) A2
JURNE o RN J5 |, 5 58 5% 25 7 S 2 15 S Bl
BV AR I MRS A, 5 AN JE B 2 b ST 85K, DU A
RUEATHE— 20 JRE . FEAZ OB LAY T, PMas
W FEAE I 2 A8 fr | ABERY [R] ik 2% i BT J 2%
I, BTG e ¥ 2 K (Lag0) (1 d AT E 7 d i
(Lagl,Lag2,---,Lag7) & —5| ABLR | B & FRAL
N7 e 55k 1) 9% 5, 20 B PMLs Y BB X6F A 5% 465 Jmg 1)
A

#EAL In[ E(Yi) ] =BX Xi+s(time, df) +as.factor(week ) +
s(Ziydf)+-eee +a
A, YioRH i HT2 A E(YD B8R HITT2 AR
FHERAE, Xi A i H ORAT5 Je vk B, Bk Iml I 3R
B, s T RE SR PREL, week Ry B NG JCAR &, time
R AR &, Zi o 5 H RN R T, dfF M AW
B ok

PM,s W& i 1 J2 199 2% 0 SR AH X fa B B2

(relative risk, RR) F1H 4 5 5 £ (excess risk, ER) 1



- 688 - FPARTA TR #2445 20194F 6 A 55405556 ] Chin J Epidemiol, June 2019, Vol.40,No.6

Fro ER RN PM.sHeFERETH S 10 pg/m’ it A4
L InA oW, AT E N ER=(RR— 1) X
100%=[exp(B) —1]X100%.

COPD HI[1i24 \PM.;s H ¥k 1 5 HoAl 5 42 4
KA G AR R Z A AH DG 43 B2k ] Spearman AH
K, GAM iz HIR 3.3.1 5 iy “mgev” T B AU 47
GAM 73#1; LA P<0.05 AR A FITEE L,

(2) 8005 YL IR - 5351 K PM,o . SO, FINO, 25 5t
FERIRI P A T LG, PR B 4 A PML s VK B[] —
T Ja KRB B L LA AR A G 6 PML s Yk X i B
H COPD [ Ti2 it AU S 75 52 £ PM,, . SO, FINO, ¥
5

3. L H . COPD k2 Bk 5 F 7 ik i 4
FOMRREAE BT, A% S e M , BRI
— R R, NERE HIS 2248 T ICD Zwfith A 144 512
BEVORE, IF T CDC KBRS A Ll AR
N AT AR BRI BB LS AT g . RS
15 YR FE ARG I R B YRR T B 750k

H R

1 — R AE - 77 I T 2014 — 2016 45 2 1 0 3]
COPD [ Ji25i2 Ak %33 21441, H 1 30.34 4], <
65 % # 13 418 1] (40.40% ) , =65 % # 19 796 {4
(59.60%) . BF5EIIA] H V3404 17.80 °C, HF-1
AH R BE Ry 77.05%RH, H -5 )% 1 015.68 hPa.,
PM., s -2k B Hy 43.15 pg/m’, #8328 GB 3095 —2012
28 SRR AR T 0 Ok EEAR TR, T
1.

R1 2014—20164F T HiE H COPD[ Ji28 K4 N EH

KATFYW e

Gy TME Py Ps P EKE
BHI 28
B 4 22 30 38 69
Bk 3 12 17 23 39
Lk 1 3 5 7 16
AT 1 5 8 12 33
R ()
<65 0 8 12 16 33
=65 1 12 18 23 42
KATG Y E (ng/m?)
PM,; 725 2475 3700 5425 202.00
PM,, 13.10 4050 5825 84.88 278.10
SO, 538 1025 13.13  17.86 7275
NO, 8.63 2813 3813 51.75 121.75
SLWE
SERE(C) 420  10.60 19.00 2440 3230

SEIAHRHEE (%RH)  34.60  70.00  78.50  85.50  98.00
F-HS % (hPa) 984.80 1008.13 1 015.10 1 022.88 1 039.00

2. COPD H[ izt a3 4 : COPD [ 1125
7 B R, & H COPD [ Ji2 i S 3l — B =5 1k
U 8h, BAF COPD A NEU S M4y, AR
i Ak (& 1),

0 1 . A . L )
2014/ 2014/ 2015/ 2015/ 2016/ 2016/ 2016/
01/01  07/01 01/01 07/01 01/01  07/01 12/31

Bl1 2014—20164 T4 H COPD [ [i£ &l [a]fa

3. COPD HI'JizHt . K PMLs i FE 5 HAB R =
(49 RH 5Pk 43 B < AF 5% 30 1R KR PMLs H Yk B2
COPD H ']z &2 IEM K (r=0.164,P<<0.01), HY
AR H AR E 5 COPD H ]2 &8 & Al %
(r=-0.258,P<0.01;r=-0.154,P=0.01), H ¥’ J&
5 COPD H ]2 & &2 1E M X (r=0.227, P<0.01) .
PM. s Ve J 14525 005 Y DR 7 A G M55, B
IEAH K, Hor 5 PM, A9 A G4 fe o, AH O R ECH
0.959 ; PML s ¥k B Al R IR I AH OC R B A i1t
X (P<0.01), W2,

4. BT YL R RN 43 A - BTG Yy AR R
PM,sWREEXT COPD [ 22 NS R AN J5 55 4.5 K
SEMARION 4 Geit2 2 S, Horh i R RN 7R 55 4 K
e, BEES PMLs ¥ FE B338 1 10 pg/m®, COPD H [ ]2
EHEIN1.87%(95%C1:0.98% ~ 2.76%) . VLK 2,

PM, s 3¢ i X A 6] AJEE COPD | ]2 1 520 A5 i
JE RN, s I 5 4 KA B Aotk <65 & il =65 %
ANHE¥) COPD [112 it 52 W 5 K, PMLs Wk FE 55 T 1
10 pg/m’ COPD H 112 5 435l 34 /il 1.35% (95%CI :
0.26% ~2.46% ) .1.93% (95%CI: 0.95% ~2.49% ) .
1.52% (95% CI: 0.43% ~2.62% ) F1 2.08% (95% CI :
1.10% ~3.07%) . $24E5 (11 H BIRE4H)
FEZE(5—10 H ) LB, Vo AR IS 200, R4 4 K
INF R , AT PMLs Wk B BT+ 10 pg/m®, COPD H
21 2.09% (95%C1: 1.11% ~ 3.08% ) ; & 2 K
DL 80N, 5K PML st BE i 10 pg/m’, COPD H
I RN 2.56%(95%C1:0.56% ~ 4.59%) . W33,

5. 805 YL WA 34 = HH T R PML s Wk
X} 5 4 d %) COPD |12 &t 80 W AH fie K, 70 51
PMo. SO, F1 NO, ¥ & LLZE P40 A PMLs R 2 4 KAl
HHIEE RN ) iU o [ N1 BT BN = s 25 S VAN



FRAETATIR A2 5 20194 6 A 45405456181 Chin J Epidemiol, June 2019, Vol.40,No.6 - 689 -
T2 2014—2016 4TI KA PM.s i 5 HA 2 S5 4l G R R I A 5007
Eistan COPD PM,; PM,, SO, NO, H¥AME HIHHRE HHSE
COPD 1.000 0.164° 0.190° 0.220" 0.228" -0.258° -0.154° 0.227°
PM.; 1.000 0.959" 0.773" 0.728" -0.466° -0.206" 0.437°
PM,, 1.000 0.808" 0.740" -0.492° -0.335° 0.491°
SO, 1.000 0.720" -0.487" -0.413° 0.503
NO, 1.000 -0.582" -0.004 0.551°
H ¥ 1.000 0.164° -0.897*
H AH X 1.000 -0.266"
HIE 1.000
T P<<0.01

COPD | JiZ &I hnAH ¢ , HALN (H = T PM. s e & X

. T JE R COPD SET- U0, 5 Meta 43 BT 4518 S A

—E S ARWIEGE I [R] T I T IR X PMLs - Yk

1k i GB 3095—2012 Mbias s sl b 09 2k J&

3 [ FR VBB, (EL A 49106 A S STk At 2 o 7o)

& o T BRAFIY s WAy 45 M N A RS S AN KR

g I [ L] 15 ) 5 B RIS W 6 55 A P M5

b IS 2 F A K

GAM R B 5 ey 43 BT R, 7 % 1T PMLs Tk

: ; : : [ 5 COPD H [ TS B 72 IE A, IRl f LAy —

i fE R (d) FE T R RN, HSON FE 2R 4 K Bt o WE AR SRR F

B2 A SR PM, TR RE T 10 pg/m® EHE
T2 EHBTERE (%)

REHFERRBLANL”, 51 A PM,,, SO, il NO, i
JE G SN ER A 25 578 Gi 12 7 L (P<<0.05) , {2
PM, s ¢ JE %6 24 K £ COPD [ 112 5 350U ER {14 52 1)
LR TG X (P>0.05), W4 4 KWy
COPD [ 12U A A8k, W34,

f

A ST T TP T 4 AR FRE AR B £ 2014 4F
1 H 1 HZE20164 12 A 31 H W8] 7 9% i i X s R
COPD H #1295 k5 KA PM.s ¥ 22 [8] 1) GAM A
RISy MT, & BT P T KA PMLs Wk B T i 5 R IR

it

FELE R IR PMLs TR B AR AR X Ja R B I R 4
Y 5 ) A7 A LA G H B J 2, i Fe R AU
R Z T4~ 6 d, SARMREE R —5, AR
MR BTG 1 d SO PR SO, il e TS
YR TR B KR ATAE — E RIS [B) [ B, i R 4 Kk
ARG, W A2 ~TdeA =1 IRE2";
BARRVIFEER YR AR =W R, — LA iL)2
BT SEI2 B 38 7R RN s A K
etz B Al ge 5z A ¢, BRI S
554 K, PM,s Y X COPD | 1121 1Y 52 i 146 2 AH %)
e, 5 LY g R %, miFis YT
TEFEER A, S 3 PML s X COPD FE T (R4 1 #5854
PyBA I S g D RSO A R R AT 0
AN [7] DR85S DR AN [ (o JFE Bl A 2 S AR, )t 2 o

R3  KREPM ISR AR SR ZE55 COPD | 12 A 54 M A JE 3N 2045 [ ER {H.(%,95%CI) |
R () 5 IR () : &S _
% g <65 =65 s g 2%
0 0.97(=0.12~2.09)  0.65(=0.34 ~ 1.65) 1.12(0.04 ~222)  0.82(-0.17~1.82)  0.41(=0.61 ~1.43)  2.56(0.56 ~ 4.59)"
1 -1.07(-2.17~ 0.05) —0.51(=1.51 ~0.50) —0.85(-1.94 ~0.26) —0.42(-1.43~0.59) —-1.01(-2.08 ~0.07) -0.25(-2.27 ~ 1.81)
2 0.10(=1.00 ~1.21)  —=0.35(-1.35~0.65)  0.28(-0.81 ~ 1.38) —0.29(-1.28 ~0.72)  0.21(=0.81 ~ 1.25) —1.40(-3.40 ~ 0.64)
3 0.06(-1.04 ~1.17)  0.35(-0.65~1.35) 0.24(-0.85~1.34)  0.49(-0.50 ~1.50)  0.88(-0.10~1.88) —1.19(-3.18 ~ 0.84)
4 1.35(0.26 ~2.46)  1.93(0.95~2.91)  1.52(0.43 ~2.62)"  2.08(1.10~3.07)*  2.09(1.11 ~3.08)" 0.36(-1.64 ~2.41)
5 1.25(0.16 ~ 2.35) 1.33(0.35 ~2.33) 1.33(0.25 ~ 2.43) 1.45(0.47 ~ 2.45) 1.18(0.13 ~2.25)  1.33(-0.66 ~ 3.36)
6 0.83(=0.26 ~1.93)  0.01(=0.98 ~1.01)  0.95(-0.13 ~2.06)  0.09(=0.91 ~ 1.10) -0.29(~-1.37 ~0.80)  1.59(=0.40 ~ 3.62)
7 0.17(=0.93 ~ 1.28)  —0.04(=1.03 ~0.96)  0.33(=0.77 ~1.43)  0.30(=0.69 ~ 1.30) —-0.49(~1.57 ~0.61)  0.70(~1.30 ~ 2.75)

T P<<0.05



- 690 - TR AT

752019456 1254054561 Chin J Epidemiol, June 2019, Vol.40,No.6

F4 KA PM,IRAEXT COPD | T2k W5 YL WA T 45 R
ER{E(%,95%CI)

i Lag0 Lag4
PM,; 0.96(0.06 ~ 1.86) 1.87(0.98 ~ 2.76)
PM.s+PMo 1.25(-2.15 ~4.76) 1.83(0.94 ~ 2.72)
PM.5+SO0, 0.39(-0.89 ~ 1.68) 1.87(0.98 ~2.77)
PM.;s+NO, -0.50(-1.72 ~ 0.73) 1.78(0.90 ~ 2.68)
EQNTETTRISE S

53R 575 1 X I8 25 ALY ARG IR
& PRIE 2= PML s ¥k & 5 COPD [ 132tk Y 52 Wi 5500,
SRR TR 2R, 2RI Y KAV 5ok, HH BLICR AL
N o H T T COPD Y 52 M AL i ANV 28 =, Af
AEMR ZR A AT 7 2 XURD /NG sl &2, B n T %
FALSs T G 2 25 Je s > iR
AT TR 2R A PR 5 | N AR E AR AL, 5 A
11 7 B L S 3 G R o 20 R i
Al 52 COPD i F2 (Y R 22 AL 2 s H i T A7
FE— 7 B J5 B0, IR (B) 2% fR A5 COPD %5
W ZR GEPEA I R BRSO it

H A, KA PMas 15 44X A [R] A COPD 1Y 52 i
FRIEA MR . AESE LB, PMy s kbl =65 %
N B M 255007 B8 B Bk o a2 3] ()5 M 15 1] g
TAFEVES AL 22 5, S BT 5 8 i <GE
ZBR5] % COPD ™' ; ILAL , £ 3% [E 80% (1) Z JiE fift FHAA
BE, ML IR R 5555 S AR REHERR e FE T &)
PR KA OB , BN T R EE RS . =65 5 AR
ROV 5 AT RE S B AR AR B RE A IR |, X PMLs 4l
UKL P 1 % BE 0 A OG5 I Ah , =65 % AREh
COPD HAT #5982 & 91 A2
OEZC NN ITTDO PN REE T i f O3

AR 112 H 82 TORME R a4 = he
T RS PML 15 B4 1 2RO (B AR AL
FEAE SRR o Bl 22 4/ e Wl A B AR T
fig X AIE 9T X 5 PM, s L S 2 25 7K T 14 Ak B8 5%
%o A, TR e A A R A T
NBEA A, AT B A A2 BIR

25 LR AR R R KA PMLs 15 e 23 I 35 1
TG 55 N FE B & IXURS: , 7 3738 B COPD 45 I
ARGV 0 PVE R 40, Tinnm fat 5 520, il AH LY i B
FrREmE
FIZEMRIE ATV 75 IR TR 2E R 25 TR

& % x W
[1] Adeloye D, Chua S, Lee C, et al. Global and regional estimates

of COPD prevalence: systematic review and Meta-analysis[J]. J
Glob Health, 2015, 5 (2) : 0204215. DOI: 10.7189/jogh.05-

020415.

[2] GBD 2013 Mortality and Causes of Death Collaborators. Global,
regional, and national age-sex specific all-cause and cause-
specific mortality for 240 causes of death, 1990-2013: a
systematic analysis for the Global Burden of Disease Study 2013
[J]. Lancet, 2015, 385(9963) : 117-171. DOI: 10.1016/S0140~-
6736(14)61682-2.

[3] BB, 5 A 3C, TIRAL. 1990 —2014 4F H [ 40 % ) L - AHE

S E H SR B0 SO % Meta 40 [0 . FRARIRATIN R 258,
2016,37(1) : 119-124. DOI: 10.3760/cma.j.issn.0254-6450.2016.
01.026.
Bao HL, Fang LW, Wang LH. Prevalence of chronic obstructive
pulmonary disease among community population aged =40 in
China: a Meta-analysis on studies published between 1990 and
2014 [J]. Chin J Epidemiol, 2016, 37 (1) : 119-124. DOI: 10.
3760/cma.j.issn.0254-6450.2016.01.026.

[4] Vos T,Flaxman AD, Naghavi M, et al. Years lived with disability
(YLDs) for 1 160 sequelae of 289 diseases and injuries 1990
2010: a systematic analysis for the Global Burden of disease
study 2010 [J]. Lancet, 2012, 380 (9859) : 2163-2196. DOI:
10.1016/S0140-6736(12)61729-2.

[5] Pozzi R, de Berardis B, Paoletti L, et al. Inflammatory mediators

]

induced by coarse (PM,s.10) and fine (PM,;) urban air particles
in RAW 264.7 cells[J]. Toxicology, 2003, 183 (1/3) : 243-254.
DOI:10.1016/S0300-483X(02)00545-0.

[6 Neuberger M, Moshammer H, Rabczenko D. Acute and subacute

—

effects of urban air pollution on cardiopulmonary emergencies
and mortality: time series studies in Austrian cities [J]. Int J
Environ Res Public Health, 2013, 10 (10) : 4728-4751. DOI:
10.3390/ijerph10104728.

[7] Meng X, Wang CC, Cao DC, et al. Short-term effect of ambient
air pollution on COPD mortality in four Chinese cities[J ]. Atmos
Environ, 2013, 77: 149-154. DOI: 10.1016/j.atmosenv.2013.05.
001.

[8] Lo WC, Shie RH, Chan CC, et al. Burden of disease attributable
to ambient fine particulate matter exposure in Taiwan [J]. J
Formos Med Assoc, 2017, 116 (1) : 32-40. DOI: 10.1016/j.jfma.
2015.12.007.

[9] Li GX,Huang J, Xu GZ, et al. The short term burden of ambient
fine particulate matter on chronic obstructive pulmonary disease
in Ningbo, China [J]. Environ Health, 2017, 16: 54. DOI:
10.1186/s12940-017-0253-1.

[10] de Vries R, Kriebel D, Sama S. Outdoor air pollution and
COPD-related emergency department visits, hospital admissions,
and mortality: a Meta—analysis [J]. COPD, 2017, 14 (1) : 113-
121. DOI:10.1080/15412555.2016.1216956.

[11] Rage E, Siroux V, Kiinzli N, et al. Air pollution and asthma
severity in adults [J]. Occup Environ Med, 2009, 66 (3) : 182—
188. DOI:10.1136/0em.2007.038349.

[12] de Vries R, Kriebel D, Sama S. Low level air pollution and
exacerbation of existing COPD: a case crossover analysis [J].
Environ Health, 2016, 15: 98. DOI: 10.1186/s12940-016—
0179-z.

[13] Lagorio S, Forastiere F, Pistelli R, et al. Air pollution and lung



e

Py
Uit

FeE 2R 201945 6 A4540 5456481 Chin J Epidemiol, June 2019, Vol.40,No.6

- 691 -

[14]

[15]

[16]

[18

[l

[19]

function among susceptible adult subjects: a panel study [J].
Environ Health,2006,5:11. DOI: 10.1186/1476-069X-5-11.
SRR DB, R AR PR EE ) B R R 5 SR
(7). vh [ TR 45 88 B 24 3, 2017, 14 (2) : 179-183. DOI:
10.3969/j.issn.1672-5166.2017.02.015.

Zhang L, Ji W, Li H, et al. Ningbo intelligent practice mode of
platform direct reporting of infectious diseases[J]. Chin J Health
Inf Manag, 2017, 14 (2) : 179-183. DOI: 10.3969/j.issn.1672—
5166.2017.02.015.

Cohen J, Dolan B, Dunlap M, et al. MAD skills: new analysis
practices for big data[J]. Proc VLDB Enow, 2009,2(2) : 1481
1492. DOI: 10.14778/1687553.1687576.

AASIRIEFR. GB 3095 —2012 PREE A ST ARifE (S | rp [ BRd
Bl htt, 2012.

Ministry of Ecology and Environment. GB 3095-2012 Ambient
Air Quality Standards [S]. China Environmental Science Press,
2012.

Li MH, Fan LC, Mao B, et al. Short-term exposure to ambient
fine particulate matter increases hospitalizations and mortality in
COPD: a systematic review and Meta-analysis[J ]. Chest, 2016,
149(2) :447-458. DOI: 10.1378/chest.15-0513.

A S EAR ol I Y R TR R OC | B E B/
TSRS (1], BB S REZe, 2015,32(2) : 95-98. DOI:
10.16241/j.cnki.1001-5914.2015.02.001.

Gu SH, Jia HY, Li MM, et al. Effects of air pollution on hospital
visits for respiratory diseases in Ji’nan city[J]. J Environ Health,
2015, 32 (2) : 95-98. DOI: 10.16241/j.cnki.1001-5914.2015.
02.001.
FREE, RUK, KB, 2013 — 2014 4R TH RS PM, s 510 2
BB 2 IR R FIBEE )], BB SO BE 2, 2018,
35(7):589-595. DOI: 10.13213/j.cnki.jeom.2018.17634.

Jiang CX, Zhu B, Zhang L. Association between ambient PM,;

and hospital visits for respiratory diseases in Hangzhou in

[20]

[21]

[22]

[23]

[24]

[25]

2013-2014: A time-series study[J]. J Environ Occup Med, 2018,
35(7):589-595. DOI: 10.13213/j.cnki.jeom.2018.17634.
RHES R, X 6%, 45, bt il R 05 et 1 1 BH 28
Jiti B U AR [0 ], [ PRIl A 35, 2012, 32(9) £ 665-671.
DOI: 10.3760/cma.j.issn.1673-436X.2012.009.005.
Zhu RX, Chen YH, Deng FR, et al. Association between
particulate air pollution and the prognosis of chronic obstructive
pulmonary disease in Beijing [J]. Int J Respir, 2012, 32 (9) :
665-671. DOI:10.3760/cma.j.issn.1673-436X.2012.009.005.
Tsai SS, Chang CC, Yang CY. Fine particulate air pollution and
hospital admissions for chronic obstructive pulmonary disease: a
case-crossover study in Taipei [J]. Int J Environ Res Public
Health,2013,10(11):6015-6026. DOI: 10.3390/ijerph10116015.
Hansel NN, McCormack MC, Kim V. The effects of air pollution
and temperature on COPD [J]. COPD, 2016, 13 (3) : 372-379.
DOI:10.3109/15412555.2015.1089846.
Atkinson RW, Carey IM, Kent AJ, et al. Long-term exposure to
outdoor air pollution and the incidence of chronic obstructive
pulmonary disease in a national English cohort [J]. Occup
Environ Med, 2015, 72(1) : 42-48. DOI: 10.1136/0oemed—2014—
102266.
e RERERE AR, S AT AURL O L
SRR N[ ]. RSO PEE, 2016,33(10) : 965-
969. DOI:10.13213/j.cnki.jeom.2016.16140.
Gu SH, Lu BB, Bian GL, et al. Short-term effect of inhalable
particulate matters on emergency ambulance dispatches for
cardiovascular diseases [J]. J Environ Occup Med, 2016, 33
(10):965-969. DOI:10.13213/j.cnki.jeom.2016.16140.
Luoto JA, Elmstdhl S, Wollmer P, et al. Incidence of airflow
limitation in subjects 65-100 years of age [J]. Eur Respir J,
2016,47(2):461-472. DOI: 10.1183/13993003.00635-2015.

(i H 01:2018-12-28)

(A SCh i RS )

REMEFRRITRFFTSFLEE

([T )

EEER U

BIEEER XK Wk % L T om i

¥SER  OF M AW RER T T WikE
G E

z R THE  4WE E R E % EIFA
IR T ORMRE B4 e
HitE W OB AR R
ROL RGBSR BT W (Tl
w BB B M BRTR BRYENS
TUKE ORI RERR WAL BMEE
LSS
Wit M M R feRs

mEK  E R

ARHk 0

SEER

pali

WkAE LRI SRE

oAk BROod R BRRET BYTA
EICHT  EEW ERM O EAR fubik
RUPN /B AI) = : W S o S 50 L I i 4
UM A FRE S FNE S gt
REN W T OE £ kiR %k
BT OMER OARK BRSO E
ke R BIER B4 @ M
PGAr Htl JeRE Bek )X
Wk LA BOOR



