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Abstract:

[ Objective | To assess the correlation between air pollutants and cardio-cerebrovascular mortality (CCM) in Nanjing.

[ Methods ] Daily average concentrations of crude particles (PM,), fine particles (PM,s), nitrogen dioxide (NO,), carbon monoxide
(CO), sulfur dioxide (SO,), and ozone (0s), meteorological factors (including air pressure, temperature, and relative humidity), and
daily cardiovascular and cerebrovascular deaths during 2013-2016 in Nanjing were collected to analyze the relationship between

PM, 5 concentration and CCM by time-series analysis.

[ Results | The average concentrations of PM;y, PM,s, NO,, CO, SO, and O; were 106.1, 62.1, 45.6, 1.0, 25.1, and 86.0 pg/ms,
respectively. The results of PM;o, PM, s, and NO, exceeded the national Class I standard stipulated by Ambient air quality standard
(GB 3095-2012). In single pollutant model, an increase of 10 pg/m® in PMys concentration raised CCM risk by 0.293% (95%CI:
0.016%-0.569%). As for two-pollutant model, when entering other pollutants, the association of PM, s with CCM disappeared (P>0.05).

[ Conclusion ] PM,s may increase the CCM risk in Nanjing.
Keywords: air pollution; PM.s; cardio-cerebrovascular disease; mortality

Citation: CHANG Qian, YE Yun-jie, WANG Qing-qing, et al. Correlation between air pollutants and cardio-cerebrovascular mortality in
Nanjing[]]. Journal of Environmental and Occupational Medicine, 2017, 34(12): 1041-1045. DOI: 10.13213/j.cnki.jeom.2017.17433

AEE B AR X T LR ERM T M,

[EETB 1 @B EEARMIY 55 2% L I0E 4T3 8 EHl = B AERH QBN T S T H (4’5 SIZZ16_0038 ); VLIRE HAEESEAA (G
51 QNRC2016550, QNRC2016551 ); PAA A DB (45 201402022 )

[MEEBN 1F R (1992—), &, fitA; FF5E 0. A S@HE; E-mail: changqian1992@foxmail.com

[ WSS 12, E-mail: jsexd@126.com

[EBBRAL 11 ARR RS AIL TAERERE, TTJR AT 2100095 2. VT8 B IS i O AR ( M s ) BiiG i, T8 FE&t 210009



+ 1042 -

http://jeom.scde.sh.cn:8081  F35E SNV EE % (] Environ Occup Med ) 2017, 34(12)

KATE YA 15 A Y T BRI T Y [n) il
—, H5 R 2 a) 14 56 Bk Sz A A T A
2012 4F IR A ST bR E ME LT, A0 BURA( PM.s )
BEIE ARSI B R R, FF BT RS
TG Y BT R, K e e ) R R T R A
R, JEHE PM,s, TS 200 Mg R ET-R
B RAET -0 2,

B AR Z B 288 PMos 1 W12 5% .
SRS IREST % B, 2007—2011 4F 8] 76 5T PMas 452
Jo v R T B, (H2 ] GB 3095—2012( ¥ 5¢
25 SRR BRUE ) 5 & BV RS Yok A, A
[i) DX 35 P58 7 1) PMLs 873 22 TR R, Xl it B 38 i 1)
SRR A TSR] 4 BRI B BT A AR5 Y
5B SE R R A AL, (B E PRI
K (PMyo ) S5 HAh 5 e 1, 56T PMos S 5ET- A
FEA SR A 38 ) B ST RS B TR PMos X
i B O B I 9 AE T A R2 ) o A 5 3 2 1 1] 37 471
JE A3 HT 2013—2016 4 5T T R PM,s T BEIREE 5
J A HO I I B ST N B =2 ) ) SR 53 — S
Z, ORI RS A R S AR A D 7 B it
PR R

1 #R57H%E
1.1 A RR

WAER ST HT 20134E 1 1 H—20164E 12 J1 31 H
FAFE e b R e A NS T4 | 4% R bR o
F2(ICD-10 ) FFATEHE 4TS, O MG M A HEEHET 1CD 4
54 100~199 ., K5 YL W84 AR Bk 05 T /e
ST R W e RN B ARG B E R,
ST T [ RIS 2S94, A AA, T
P AR E R H R . & H 44
XPRIE B HAFEAE; RS R 8 hn 645 PMoo.
PMas. S ALA(NO,), —F ik (CO ). A b
(S0,), BA(05), WA Wil & 75 e Wity H ¥ i i
1.2 Rbik M5 Fa AR K 5 AT

XSG BE TN A0S G ) B R4 7 4 38 P 53 A
F1 Spearman AH &7 HT o
1.3 B & 57 57

JE R H LT X S AR U /MR =, H
R 22 T i BB R VN PP E o8 | = R A W DR B <
P ia HEE T BARME L I R By ) SOM A 7Y

( generalized additive model, GAM ) 431 K<, PM, s it i
Ve R HC il LA SE T N BRI 22 6% — S
KA, [FIEH R W SRR A W, Bk
BT LA

lg[ E(Y,)]=pZ+dow+ns (time, v )+ns(pres, v)
+ns( temp, v)+ns(RH, v)

K. Y, WEH S RIIET- NS E(Y), WS
H e HIET- NB B8 E s g, MIHREG Z, +H
PM,s R MR E, pg/m’; dow, S Wit HARYMEAR 55 ns
(time, v). ns(pres, v). ns(temp, v). ns( RH, v) 453
A H A SR AXHREE B SRR ST R AL,
Hrby g A BB BTk rime=T7/4F, WA 2013—
2016 4E 4 5, Wv=28; Ml H X AUE . IR
AR XS AL T 52 (AR A5, BT v R 3,

PR J5 0N AT RE 3 BEAIG PM,s S5 AL T 28 Z (] /)
ORI, BT L ad et A AN )i fe H 22 18] I 3R 261 7
AT, AL B A S5 SO AN RN S5 AN o Bl
it JE BN EHE 1ag0~lag3 HE1T40HT, Hoir lag0 Fm 4 H
KAPMs T EE MR T, lagl 7R HI 1 H PMos it W,
DA 2EHE; SRS B0, HF lag0~1, lag0~2 it
155307, Horlag0~1 278 PM,s 7624 H FIHT 1 H (19715
JERR U, 1ag0~2 3278 PMas 76 24 H FIHT 2 H (9~ )i
HUEE . AN, SRS YAl (U PMys ) FLS
JLPEAd ( PMos M5 9 ) R PEN AR (R e M
1.4 St F 5

KRG 2 A R3.3.3 5007, M debs KA
PMos JB R BE4E T 10 pg/m?, AHEAE H O i 1 A5 9%
LT RN B A 43 L ( BVEATGR R, ER ). RilusK
HE 0=0.05,

2 #R
21 BRABRTHR, ARA X RAT RMKF
2013451711 H —20164 12 H31H, &/ &t
PN FT0 i It 457 96 AE T 3k 63 256 191, - 34 1
K108 4, WA e, A A XTI EE L PM o, PMas,
NO,. CO. SO, % #i% 4% 1461d, O 5t #5 1095d, H ¥
AR 1013.3hPa, H ¥ 16.5°C, H ¥ X FE
72.8%; KTGHHIPMyy, PMos, NO,, CO, SO, O3 )i
IR0 106.1, 62.1,45.6. 1.0, 25.1, 86.0 ug/m’,
R 3 GB 3095—2012( ¥ 55 25 < Jit 2 s 4 ), PM,o.
PMas. NO,y., SO, 45 - 35 75 o Jot £ Wk B — 2% PR 53 5]
70, 35. 40, 60 pug/m*, CO Fl O3 ¥ e J& — e FRAE A



http:/jeom.scde.sh.cn:8081  FA3E SN EE 4 (] Environ Occup Med ) 2017, 34(12) 1043 -

BB HILAT AL, PMyo. PMys, NO, X i e s T
FER b, W1,

®1 2032016 FERHTERBAZTH. SEEHEM
KSFRAAT
Table 1 Daily deaths of residents, concentrations of atmospheric
factors, and concentrations of selected air pollutants in Nanjing
from 2013 to 2016

F547 (Indicator ) X+£s P>s M Py EH( Range )

DR AEFET ()

Cardio-cerebrovascular death
S Hi(hPa)

Air pressure

I (C)

Temperature

AHXHZEE (% )

Relative Humidity

108.0+104 360 420 49.0 20.0~98.0

1013.2+9.3 10053 1012.8 1020.4 993.4~1038.8

16.5+9.1 87 177 239 -6.7~345

728+13.7 63.0 740 83.0 28.0~98.0

PM,o( pg/m*) 106.1£58.9 644 943 1343  9.9~4540
PMa5( pg/m*) 62.1+39.1 350 530 788  6.7~314.6
NO,( pg/m*) 456+185 323 510 554 11.8~136.7

CO(mg/m’) 1.0+ 04 0.8 0.9 1.2 0.3~3.1
SO, ( pg/m?) 251147 153 215 312 6.0~136.2
05( pg/m*) 86.0+514 471 72,6 1172 8.0~281.0
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Figure 1 Multiplicative time series of PM, s mass concentration

in Nanjing from 2013 to 2016
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Table 2 Spearman correlation coefficients between selected air

pollutants and meteorological factors in Nanjing from 2013 to 2016

Efaan

. PM,o PM, s NO, 0 co SO,
Indicator
PMio 1.000
PM, 5 0.929* 1.000
NO, 0.752" 0.688" 1.000
03 0.027  -0.060  -0.183" 1.000
co 0.641" 0.702* 0.552"  -0.235" 1.000
S0, 0.782* 0.663" 0.748" 0.068 0.476* 1.000
=R
(TU—; 0.303" 0.274" 0.398"  -0.454" 0.231* 0.332"
Air pressure
YE i
it 52 -0.325"  -0.339™ -0.395" 0.602° -0.314" -0.329"
Temperature
S
ARG -0426°  -0.201"  -0.328" -0.363" -0.045 -0.637"

Relative humidity

[ ]*: P<0.01,[ Note ]*: P<0.01.
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Table 3 Excess risk of cardio-cerebrovascular mortality for each

increase of 10 pug/m® in PM, 5 concentration by different lag days

HE W ( Lag days, d) ER(%) 95%CI( % )
lag0 0.293 0.016~0.569
lagl -0.041 -0.305~0.222
lag2 -0.083 -0.337~0.171
lag3 -0.158 -0.410~0.094
lagO~1 0.165 -0.146~0.476
lag0~2 0.085 -0.259~0.429
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Table 4 Cardio-cerebrovascular mortality increase in percentage
for each l()pg/m3 increase in PM, s concentration by

different pollutant models

FEEL( Model ) ER(%) 95%CI( % )
BIG YL ( Single-pollutant model )
PM, 5 0.293" 0.016~0.569
PMo 0.152 -0.040~0.343
NO, 0.832" 0.220~1.446
S0, 0.829 -0.063~1.722
co 0.040" 0.011~0.070
05 0.204 -0.185~0.593
W5 YL ( Two-pollutant model )
PM, 5+NO,» 0.115 -0.223~0.453
PM, 5+S0, 0.229 ~0.104~0.562
PM,s+CO 0.060 -0.385~0.505
PM, 5+0; 0.156 ~0.155~0.468

[ 7% ]*: P<0.05.[ Note ]*: P<0.05.
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