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Abstract: Objective Explore the influence of PM10 and ambient temperature and the interaction of the two
factors on the daily mortality of Haerbin, the northern city of China, for the period 2004-2008 and provide the
scientific basis for the prevention and control of the climate change, respirable particulate matter and the
interaction of the two factor’s health effect on urban residents. Methods We included the ambient
temperature and PM10 concentration into the all-cause daily mortality regression model as nonlinear and
linear respectively. The natural cubic spline was used to fit the relationship between ambient temperature and
daily mortality. The relative risk of ambient temperature and PM10 concentration was estimated respectively
relative on it’s reference value and the cumulative lagged effects were also estimated. Finally we analyzed the
interaction of ambient temperature and PM10 concentration. Result The relative risk of PM10 concentration
on an increase of 10pug/m’ up to a high level when lag 10 days and it increased ~significant with lag 0 day(p
<0.01). The cumulative relative risk up to the peak value when lag 15 days. Ambient temperature had a high
relative risk when lag 0 day and 1 day and the lag 0 day’s relative risk was significant high then lag 2 and 3
day’s (p <0.05). The interaction of ambient temperature and PM10 concentration is comparatively obvious
when the PM10 concentrature under about 200pg/m’. Conclution The effect of PM10 concentration on the
daily mortality has delayed effects and for ambient temperature is short-term effects and there is no obvious
interaction between these two factors.
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Table 1. Descriptive statistic of all-cause mortality,weather and PM10 data for the period 2004-2008 of Haerbin
#K1. 2004-2008FE M /RIKHRFCHEFCT-HAR . KB KPMLORE R

Ef=pan W+ bt 72 I/IME Min 25% 50% 75% I K AH Max
FEHAET AN B 54.934+12. 336 2. 000 47. 000 54. 000 63. 000 109. 000
A HAF <3 () 5. 8984 14. 667 -24. 000 -7.325 7.800 19. 500 29. 900
PSRN I () 59. 436+ 15. 399 16. 000 49. 000 61. 000 71. 000 95. 000
A H AL (1C) 6. 4044 13. 631 ~14. 704 -6. 345 5. 487 18.902 34.738
PM10 ¥ % (1 g/m3) 112. 32057, 570 52. 000 74. 000 98. 000 134. 000 600. 000

3.2 PM10KE L ROE X fa bl B it
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AEOS S 6 LA T S AT SE AR R 5 10 HIRF, PMI10 9K
J£24 104 100, 300. 400, 500, 600 u g/m’ #%F+ 0
wogm® WA XS B B S 95% E A IX 1A 4> Bl A

1.001702 (1. 000739-1. 002666) .
1. 018886 (1. 008164-1. 029722) .
1. 058136 (1. 024862-1. 09249) .
1. 078324 (1. 033314-1. 125294) .
1.098897 (1. 041836-1. 159083) .
1.119862 (1. 050428-1. 193887) , 4> MIAHX T-¥i 5 0

R ITARNS FE b 5 488 i A B35 (<0, 01) . B 1 b 2
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A H RIS 0 REAG 15 K), HLSBURARXT
fake e th £, B Bontensa 15 HAch, 8K
FRVAFDOS S B Pk B K, BATTH St A IS 0 R
B G 15 K, PMI10 K4 10, 100+ 300 400, 500
600 1 g/m’ AHXF T 0 u g/m’ RIAAKHE RS FE K 95% A X
| 4 B 4 1.012576(1.001792-  1.023476)
1.147371(1.019891- 1.290785) . 1.514669 (1.06129-
2.16173) . 1.740302(1.082615-  2.797533) .
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73 H M PM IOV FERLAR I, Bl s Jo R84k, J0AH
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JEPMIOVK BEAR AL, 51k 5 R A IRl 25 o R L KB
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IPMI0 FEAEATEOR (RIS H D FIT 5 10K [ AH
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(1195% & A7 DX Ta], AR S R B i 5 048 15 [ 1 25 AH X
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Effects of a 10-unit increase in PM10 along lags Cumulative effects of a 10-unit increase in PM10 along lags
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Figure 1 (left-a,right-b). The relative risk of PM10 concentraction increase each 10 u g/m® and cumulative effects versus lag days

El1(Zafib). PMIOFEFFi10 1 o/mPHARXT o B K H BRBUSNAE RGN B R B3R 1L

3D graph of PM10 effects Contour graph of PM10 effects RR

I-
= o

Lags

- 1.05

 1.00

o

0 100 200 300 400 500 600

PM10

Figure 2(left-a,right-b). 3D and contour plot of the relationship between PM10 concentration and lag days
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Table 2. Differents value of relative risk for differents PM10 concentration and lag days

2. ANFAIPMLOWR BARTE [F HHE S M 13 B AR fi e

PM10 ¥ fE NS f6 600 FE B 95% A5 IX [l
(ng/nm’) 1ag0 (95%C1) 1ag10 (95%C1) 1ag0-15 (95%CI)
10 1.001024 (0. 999582-1. 001875) 1.001702  (1.000739-1. 002666) 1.012576  (1.001792-1. 023476)
50 1.005586 (0. 997728-1.010254) 1.009304  (1.004033-1. 014602) 1.070411  (1.009796-1. 134664)
100 1.011317 (0. 995414-1. 020825) 1.018886  (1.008164-1.029722) 1.147371  (1.019891-1. 290785)
150 1.017082  (0.993106-1.031507) 1.02856  (1.012313-1.045068) 1.229865  (1.030087-1. 468388)
200 1.022879 (0. 990803-1. 0423) 1.038325  (1.016479-1. 060642) 1.31829 (1. 040384-1.670428)
300 1.034573 (0. 961822-1. 112827) 1.058136 (1. 024862-1. 09249) 1.514669  (1.06129-2. 16173)
400 1.046401 (0. 949382-1. 153334) 1.078324  (1.033314-1.125294) 1.740302 (1. 082615-2. 797533)
500 1.058364  (0.937102-1. 195316) 1.098897  (1.041836-1. 159083) 1.999547 (1. 104369-3. 620337)
600 1.070463 (0. 924982-1. 238827) 1.119862 (1. 050428-1. 193887) 2.29741  (1.12656-4. 685141)
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Table 3.Differents value of relative risk for differents ambient temperature and lag days

3. NFE KPR AR [ SR 5 I IR AR S R

BT AFT &6 FE K 95% 8 45 X 1)
(C) 1ag0 (95%CI) lagl (95%CI) lag2 (95%CI) lag3 (95%C1I)
22 1. 004236 (0. 974856-1. 034502) 1.01472(0. 989742-1. 01472) 1.002153 (0. 989742-1. 01472) 1.002153 (0. 989742-1. 01472)
24 1. 023674(0. 965871-1. 084937) 1. 031688 (0. 98154-1. 031688) 1. 006302 (0. 98154-1. 031688) 1. 006302 (0. 98154-1. 031688)
26 1. 056872 (0. 964647-1. 157914) 1. 053315(0. 972633-1. 053315) 1. 01217 (0. 972633-1. 053315) 1. 01217 (0. 972633-1. 053315)
28 1. 102521 (0. 966127-1. 25817) 1. 080622 (0. 961776-1. 080622) 1. 019469 (0. 961776-1. 080622) 1. 019469 (0. 961776-1. 080622)
30 1. 159375(0. 968012-1. 38857) 1. 113516 (0. 948877-1. 113516) 1. 027905 (0. 948877-1. 113516) 1. 027905 (0. 948877-1. 113516)
32 1. 226037 (0. 969436-1. 550558) 1. 151284 (0. 934389-1. 151284) 1. 037182(0. 934389-1. 151284) 1. 037182(0. 934389-1. 151284)
34 1.300751 (0. 970131-1. 744045) 1. 192866 (0. 918956-1. 192866) 1. 046992 (0. 918956-1. 192866) 1. 046992 (0. 918956-1. 192866)

Overall effects of ambient temperature over 3 days of lag
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Figure 3.Change of cumulative relative risk of
ambient temperature on the lag 0-3 days
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Figure 4(left-a,right-b).3d and contour plot of the relationship between
ambient temperature and lag days
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Figure 5.The interaction of ambient temperature and PM10
concentration to the daily mortality
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