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KEN RIS S5 EREH T
R AR WIS TP 31 23 A

wATR A TFE Ak keR xEk &I

[HE) Br HREXEBTASSESEEY SRS AR (NO,)SHIKERA
HRET-REHEENE, FiE  BERRTTRX 2005—2007 £AK FEB WSO, NO, MR A
Bk 4 (PM,o) | H -9 BE L A SR AR A RS B SE N SIFE T A, SR AT SO
B EH KRN /S SEBAEHEE SR KERNEW, BT SO, MNO. A PR E 5B H
B SIFETE A A, 0T PMo BRI S B0 A G B B (TR, 48R KRS SO. M
NO, 5 AMEH T T-FER RELRIET- M B EHE, SR RAFERRF AT EE XK,
SOMEEBHE 10 pg/m’, ABFIEBSMET- B R G IRFE T4 5111 0.56%(0.23% ~ 0.89% )
#10.499%(0.06% ~ 0.93% ) ; NO, ¥R B % FF 5 10 pg/m’*, ABEIEBESMIET- FIEER RGHFRAL T2 HI3%e
$10.94%(0.17% ~ 1.70%)#11.29%(0.29% ~ 2.30%) . &t RKEN KK SO FNOC,IGFHRSRIKE
R HERIMET-IER REHRLT B EHX,

[xg@iA] BKIBY; BEFFIMT Z806; —8SAeR

Time-series analysis on the association between gaseous air pollutants and daily mortality in
urban residents in Tianjin ZHANG Yan-shen', ZHOU Maui-geng’, JIA Yu-ping', HU Yi-song’,
ZHANG Jin-liang', JIANG Guo-hong', PAN Xiao-chuan’. 1 Department of Environmental Pollution and
Health, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 2 Center for
Public Health Surveillance and Information Service, Chinese Center for Disease Control and Prevention;
3 Institute of Environmental Hygiene, Beijing Center for Disease Control and Prevention; 4 Institute of
Noncommunicable Disease Control and Prevention, Tianjin Center for Disease Control and Prevention;
5 Department of Occupational and Environmental Health, School of Public Health, Peking University
Corresponding author: PAN Xiao-chuan, Email : xcpan@hsc.pku.edu.cn

This work was supported by grants from the National Natural Science Foundation of China (No.
30972433) and the National Science and Technology Support Projects for the “Eleventh Five-Year Plan”
of China (No. 2007BAC16B07).

[Abstract] Objective To study the association between sulphur dioxide, nitrogen dioxide
and daily mortality in urban population from Tianjin. Methods Data on daily concentration of
inhalable particulate matter, sulphur dioxide and nitrogen dioxide, daily mean temperature and
relative humidity, daily cause-specific death counts were collected. Generalized additive models was
used to explore the relationship between sulphur dioxide, nitrogen dioxide and daily mortality, after
adjusting the effects of long-term and seasonal trend, weather conditions, and to analyze the potential
effect of particulate matter and model parameters on relative risk estimates. Results Results showed
that the daily concentrations of SO, and NO. were significantly associated with daily non-accidental
and cardiovascular mortality but not associated with daily respiratory mortality. An increase of
10 ug/m’ in SO, was associated with 0.56% (95% CI: 0.23%-0.89% ) non-accidental morality, 0.49%
(0.06%-0.93% ) cardiovascular morality, respectively. An increase of 10pug/m’ in NO, was associated
with 0.94% (95%CI: 0.17%-1.70% ) non-accidental morality, 1.29% (0.29%-2.30% ) cardiovascular
morality, respectively. Conclusion Our findings suggested that exposure to SO, and NO, was
significantly associated with daily cardiovascular and respiratory mortality in urban population in
Tianjin.
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B 20 42 90 ER LUK, E T Z K ARt 1751
AITET RIS R SR FEX S FME R A &
W, BRT, B L BRI TR R
Fr R it KA TS e Py 0oF A A f R 3 ) B B (8] P 51 4
¥ro ZABFR AR [E) 5 i ek, BT A
¥ & ) (generalized additive models) 43 #T 2005 —
2007 R TR IX KK AL (SO.) I LA
(NO) ERXEREHIET-ZHMXR, AHES
YU TH B N B PR AR HE SR UG AIAE HE LUK 4R

"ARSHZ

1. BOR BOR IR :

(DBRET-HR 200551 8 1 HE20074E 12
A3 HXREH“POLAR"(AFX WREX W H
X FEFF X GRIE LR X)) R RS R GEit Bk, 3k
R EERBGZES P ORRNBIEREFER
%, REMKBE(EEERRCEEMEHRE THE
P E K —BEATER LR IR E MEERT, i
RN SR E R, B TR A LR A
¥R A TEE BB DA BT WL, B A g
KBRS, F M, ABEFCH Stk o rT R —A
XKBME, TR EAETERTFIA(EE
AETES LR ) WEG, HIE R R HEN B %
BEATHEDT , 8 v A R B R B AR A B AR Bk
Wit , Z B RN ETRHEC LB B RIEEL, F
ABHERESET H i TIL B . B HET ASUREPR
FRR T H(ICD-10) IR AFEH ST 2, A
AXHRMER ST XCERAREER BT
(ICD-10 % 15 : 100-199) ., FE W& & 4 % 5% 3E 1=
(ICD-10 %i#% : J00-199) F1 E E SbFET- (ICD-10 %
4 :A00-R99),

Q)HESKRERRE: Az X EH S8Rk
BRNTER, RBETFRBEH AR LMD OBEHE
H#E8E, R R E 2 [y Ras e LT R RE
BB ISRk, KK EDREETTRAR
B4 (PM,o) SO, FINO, B M

(3)R G W T « [ 3973 b X S50 M T 5048 oK
BT+ ER SR A5 I ) % W (http: //cde.cma.
gov.cn/) ¥ Il b 1A] ] B 32 46 5 SR WL A M 5048
%, SEERERE B EHKRAFIHHIHEE

2. Gt IR R H B A N Poisson [
PR A TFRHRB B RBRREEN AR HE
BT KR FER) W aERERN, Xt
FEAOKRG, 8 HABRBREFEEANERE/ME

REM, BRI UM Poisson 735, HEEA
i

logE(Y,) = py + s(time. df. time) + dow

1
+ Bpollutant .y + D, sCtemp,; ,df. temp)
i=0

1
+ ) sChumid,.. ,df. humid)
1=0

A, VAMEH e MRAFTET- AR E(Y) IR
t HRET- AB BRI E s R ES BT R R
time A THRRE BT AR RERFH—F
¥, IABZT R A K HETH 2005 —2007 5T
ST B me BUE N 1,2,3, -+, 1095; dfitime IS
BOF 3 el BOh a6l & AR TR KIS B Ee
HHE; dowRmH BEE, BTFEHEHEINE
mi, B — A AARE B ABRETEEHAR, temp._.
AEt—i BEHRIR, ditemp BRIESEFH K% s
sfE i H SR B B humid- 25 —i B
YHSHEE, dfhumid RAESECEHE A $s  HIEH)
SFEIARRHE B B E e B LSRR B
J& RE; pollutant, TRt —sHI5 YY) H 1k
BE 8015 e ) B KW 5 KB B A AU T B X R
FrgyaEE R 15 R E S R K
10 pg/m’, A\B¥45 H AT 2RI NS B0 ME 43 Ho

BB df.time=8/4F , FLILE T 2005 —
2007 48 3 E R BHE , B dftime=24; 14E H P HKR
FIAASHE BE X ABEFET -5 W A 45 s 15 4% dfitemp=3
1 df humid=3 4> FIYE R B F KR A FHE
HEE®", RHR 2101 K4 H gam KRS
I~ SRS RS A SR, HiT 8 RRIE KR F 95%
A X [u] (CT) ; BB B TR e AT HE (epsilon=
le—10, bfepsilon=1e—10, maxit=1000, bf. maxit=
1000) , 5K Fil gam.exact bR 30 71 BAA AL A B &
FRfEIR®,

FER YRR ERE L, AT A HofhT5 e
YA £ 15 YR, TN oAb TS et B R E TS
YN A B R e A R R K A
BHEHAESHOT T K5 B BB df rime (BUE R 3,
4,5, 15) BBUE , 0 AR B B EBUE X SO, I
NO, [E )3 R Bt B

g R

LEZ5FE AAEXAEREHRTHA .
2005 —2007 KT “H.OA K "EFH AT 393.73
TN, BERERET (B RGERSM20 620 A,
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FERFET-F A% 523.71/10 71 ; @B HETSTA,
HAP B R G 5HRFET: 30 A, MR RGURRIET- 4
Ao 2005—2007 £ /6] , K5, PM,0. SO, Fl NOAF 1
¥ 4 511K 105,68 147 pg/m’, L (FRES KR
BHRHE) (GB 3095 —1996) #L i€ B ¥R B — &
PRYERRIE (K 1),

£1 20052007 EREWPOAR"SEAE ARER
HEREHFETHR

H (%)

fatn x

ZREE
PM(pg/m’) 105 57 11 68 92 128 452
$0,(ng/m’) 68 54 s 33 49 88 339
NO, (pug/m’) 47 18 18 35 43 56 136
KRER
EHSE(C) 137 112 -105 3.6
EHER(%) 595 116 13.0 460
FHETAH
El3-0/8 1A m 57 13 20 47 56 65 101
ERAGKER 30 8 9 24 29 M 64
PR R 4 2 0 3 4 6 15

* BME P M Ps BKM

150 240 313
61.0 740 97.0

LRAGBRYHEHERESSKELEREH
Spearman ¥ X 4347 : PM,, H ¥ E 55514
SO, FINO, ¥ B [l 7775 TEMIE , R KRB H
0.374(P<0.01) #1 0.570(P<0.01) , 558 B EX
B ABEEFETE;SOFNO, SKEEESEM
S EZ RIFAARRE XK, SRIBHEAHERX, S
SELTFMXR(FR2), KGR E[EERER
SRAGOCHE, R T SRR RS H R MAFTER [E
B RBLEFE , R IR R R R R RRIFERIMA
FHERL AR BB AR R E SRR B HE .

2 REMPOANKTKKEERY HPHRE
5 HARE# K Spearman X R

TR PM, SO, NO, ¥HA#E FHKE FHSE

PM, 1.000

SO; 0.374° 1000

NO; 0.570° 0758 1.000

FHSE -0.037 -0.730° -0.498°  1.000

FHSIE 0028 -0.166° -0.015  0.231°  1.000
FIE R -0028 0645 0435 -0873° -0.189°  1.000

. P<0.01
3. SO, MINO. 5%5% 7 8 H 5e 18] Bk #Y RR1EL
fhit: S0, 5 BIMNET-HIER REHRIRFE T %
XL SO X4 H¥KE (Lag0) fx i B 3% , /5 1 d(Lagl)
FBRELH T S0, 50 IR R G iR R 5L T 16
FREGITHFE L ABFRLLY H WK (Lag0) fl
S0, 5 ABEZ % HISET- 18] A RR{E - SO WK E B H

B 10 pg/m’, ABE HRIEBIETMBEF RGHE
% BE T 64 RR {8 2 51 8 1.0056 (95% CI: 1.0023 ~
1.0089)#11.0049(95%CI:1.0006 ~ 1.0093), W% 3,

NO, 5 BAMET-FIER R I BIRFL LA AR
BELINO, Y4 H Kk (Lag0) B b B3, #5)5 1 d(Lagl)
KR TG H B Lo NO, 5P R A5 FALT[H] [
FEIH 2T Lo AHFFELLY H R (Lag0) fhit
NO. 5 AR AERSME T FIERR R HIRFET-HAI RR
{8 :NOJKEEFAH 10 ng/m’, ABEH H HIETSNE
T-HIIEER B SBIRFE T/ RR{E 531 4 1.0094(95%
CI: 1.0017 ~1.0170) #1 1.0129 (95% CI: 1.0029 ~
1.0230), M4,

4. 75 P SO, FINO, 5 ARG IR FIFET-
XBKM RR: B R P [R5 A NO.BY, SO, 5 &5
FET [ B9 S X 0 B U555, {EL R RO DG HR B O ) MV
THER ML R ; SR R [E AT A PM, fINO KT,
SO, 5 BAHMET- B A KBRS T2 5 Lo RN
A PM,o B (B ONO, i, SO, 51E3F R G IRFET- FInT
WRGEHIR T AR R RSB ERFR
B SO, Z (1) PMo i, NO, 5IE BSMET JEFF
FRGBIRILT- AP IR R GBI BT T (8] R OGR4t
HEE L

5. BUBAE AT AR FES BT R B X
SO, MINO, 54 H &R AT R BB E 1T 8 m
WE 1.2 R, SO.5IEEITHER RZELKR
] LB AR R, BEEIESECE R R B B
(B 1 B/4E ) iR K, SO, FINO, &3 /i 10 pg/m’, RR
{EHTEE B/, % B hEAF =80, RRIEMTHE
FF5, EARSMAE RRIEM 7 i KRG 2R R
s R (B 1a.bFE 2a.b), FEIESE W REH
BB (H B BEAE ) B9 K, SO, I NO, 5 IFEI; R 45 5%
FFET- AR ESL T2 L (E 1c FiE 2¢),

W@

AR 538 3% KT 2005 —2007 55 KK, SO. Al
NO, 511X J& B4 H FE T2 [8] B9 it 8] P 51 3 47 , &
B SO, MINO, H - #3k BE 5 A B8 B EAME A
B RGERIET-Z B BEM K, AEFIT¥EX,
SR RERRIET Z BB KB EA T E Lo

KEFESEHRT LEBEHTAKKKSEEYSE
REHRETRIMXR, IR EH KK SO.MNOKE
55X ERIEEIFET: JO M ERRFETFIFE R
G IR TIA) B3 R BK , SO, ¥k B 14N 10 pg/m’,
B HBFETS O I B R FE T AT IR B R ST
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%£3 KSO.MINO, A EH EH T 10 pg/m’

NBEZRE BISET -3 RRAK

Sy RR{A(95%CI)

R BT B RYHIRTET WPIR R GER AT
S0,

Lag0 1.0056(1.0023,1.0089)  1.0049(1.0006,1.0093)  1.0103(0.9994,1.0214)
Lagl 1.0015(0.9984,1.0047)  1.0002(0.9961,1.0044)  1.0055(0.9951,1.0160)
Lag0l  1.0044(1.0005,1.0083)  1.0031(0.9980,1.0082)  1.0091(0.9962,1.0222)
NO;

Lag0 1.0094(1.0017,1.0170)  1.0129(1.0029,1.0230)  1.0144(0.9896,1.0398)
Lagl 1.0055(0.9981,1.0130)  1.0068(0.9970,1.0166)  1.0046(0.9805,1.0294)
Lag0l  1.0094(1.0003,1.0186)  1.0134(1.0014,1.0256)  1.0095(0.9797,1.0401)

1k : Lag0 b 24 KISHMRE ; Lagl oG | dISRMIMRIE s Lag0l 924 XA 1 dI5 3
Yk

F4 BIELYERISO,MNO, H EHKEFIAE 10 pg/m’
NS HIFET R RR{E

BARIRMA RR{E(95%CI)

BRYIEAR FEESEL BHREERALT  FHRAGRRET
S0: (Lag0)

SO,+NO, 1.0052(1.0007,1.0097) 1.0022(0.9964,1.0081) 1.0113(0.9965,1.0264)
SO, +PM,, 1.0035(0.9998,1.0071) 1.0019(0.9971,1.0068) 1.0067(0.9945,1.0191)
SO+ NO,+PM,,  1.0045(1.0000,1.0090) 1.0014(0.9955,1.0074) 1.0107(0.9958,1.0258)
NO, (Lag0)

NO;+50, 1.0013(0.9911,1.0115) 1.0094(0.9960,1.0229) 0.9966(0.9635,1.0307)
NO,+PM; 1.0024(0.9933,1.0115)  1.0043(0.9907,1.0180) 0.9987(0.9689, 1.0295)

NO,+ SO,+PM;, 0.9957(0.9846, 1.0069)

1.0021(0.9873, 1.0170)

0.9829(0.9467, 1.0205)
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N T A B 2 0 1) 4 1 B FEE B A
i, 60, 8 NO 5§ /K FH B
BT RN, MXER SO, 5Y K
Fug TR R E AR ERH
AR S5 R ik HE M LA
ERANERSE, ARNKITS
WA E SRR EURZEERE
P B 35 B2 6 B R 0 & R R AE X AE
B AL T

M TFRRGEYZRFER
SRAAE TR, MBI FE R PAR
15 54, L H 2 PM B, SO, 5
NO, 5 ABE BEBHIFET-H M
KT H¥E Lo Samat '
MR KB, 5 PMs A BE (R PR
BN B RATRR BRI P, B A
HPMs ¥R E 5 AME R B KFEFF
BRI KB, KAV S SO, A
NO, ¥ [ 5 ™Ak 2 7% /K - [7] X Bk
BEM, i PMs SRS B R Y E
FHEEGRKMEX, BHSEE LY

{E IR SO, MINO. 0 X4 H 499K FE , PMo S X4 1 FIHE /G | d Wi KM

43 B HN 1.25% . 1.45%F0 1.71% ; NO, ¥k B & 18 fin
10 pg/m’, & B IERAMETS 0 MAE B RFE TR
RGEK R FET- 7 H 380 1.04% | 1.05% F1 1.43% ,
Qian F MR KKESERYWSERBHT
BRI F 5 234 R B, NO, 53EESME T O B R
I TR IR R 4R R LT [ B EAH K, T SO, 5
HHAET AT B3 KB, Samoli Z"' S BRI 30 4
W KK NOKE 55 H AT [E 56 R M Et & 751 5
P &BL,NO, 1 hE R EFH M 10 pgm’, B HIE
BAh 0 M BRI T AR R R BRI T2 138
1110.30% .0.40% %1 0.38% ., Katsouyanni """ 7E BX ¥
12T B BRI 5T R BH , SO M BN 50 pg/m?’,
& HIERSETS O MAERRIL T FIF IR RELR
FET-4> BTN 3.0% . 4.0%F1 5.0%.

AHFFE K & B SO, I NO, 5P 28 45 5 57% 8] Y
FB%; SO, 5IEFAMET-FC M B LR SE T 18] A AR XoF
BB BE A /N T B Y8 R RN BT 48 B9 45 R 5 NO,
e B4 FET- AL M BB ARSE TR AR X FE B 4G
HARFERMBF R SR BT E LR
ROER, ARBE KRB RKE AR AR K
KISRMERH SRR RREERHASISRY S

] B 2 PM.s i A BE 48 FR AL L ) 8%
RFEHr, MAEHRALFE, FHIL
HEEMMARB R L LYER R FR YR EE
L4 @ FE RN o Seaton 1 Dennekamp '™ 1A
NO, AJ B 2 BB B T B R dn. RITAH,
REBA M ZB RIS TEAEUX 3 & 55D
T ST B RREN , M A REE SRR BT R E
BRIy R N B R IE PR AT 68, (B B AT KT
SO, FINO, 15 Je Xt A BESET-H SLAEAERL 0, Bt —
#H RA KRBT, R BN [F 5 Yy 09 0 32 R0 K
HXEE,

FRRFERRE. 8%, ARRFLRENZ
KESBBLY SO, MNOKE 58 HET-Z 6 &
BRETEREE R KB MRE, KA E RIS
Yixt4g H FET- R M A HE SN S # A A 5 HR,
AHRBESBERYEGHRTZEELEX
R AZERIEERYEE AT Z BN HRE- R
XEMEMER; BE, AR E T K 2005—
2007 4E 19 B AL UL M B #7007, AR 2 K15
YRR EREE AR RERETIARSEE
EFERRMER, ARARERAEEEIMER
FHARTT KK KSE R0 ABSET 2 A
TR IEHY -
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