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Abstract: Air pollution is a global public environmental health issue.Based on the daily monitoring data of six air pollutants ( PM,5 PM,, SO, NO,
CO 03) in Linyi City in 2015 pollution characteristics of pollutants and their correlation with meteorological factors were analyzed and a generalized
additive model was constructed to simulate the exposure response relationship between single pollutant and the hospital visits for respiratory or circulatory
diseases in this paper. PM, 5 and PM, were the main air pollutants in Linyi City followed by NO, and SO, and the concentrations of O; and CO were
relatively low. Except O; there were significant positive correlations between the other five pollutants which were negative correlations with wind speed
temperature and relative humidity and the concentrations of the five pollutants were higher in winter and lower in summer. O; was positively correlated

with temperature. For the respiratory diseases the strongest effect of each 10 wgem™ increase in single pollutant (0.1 mg*m™ increase in CO) was that
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PM,, SO, NO, and CO increased the number of outpatient visits by 0.36% 1.77% 1.29% and 0.69% respectively on the current day( lag0) while
PM, 5 increased the number of outpatient visits by 0.6% on cumulative lag of 6 days ( lag05) and O; increased that by 1.07% on three days prior to
hospital visit ( Lag3) . For circulatory system diseases the strongest effect of each 10 wg*m™ increase in single pollutant (0.1 mgem™ increase in CO)
was that PM, 5 and PM,, increased the number of outpatient visits by 0.72% and 0.80% respectively at lagd4 SO, and NO, increased the number of
outpatient visits by 3.55% and 3.54% respectively at lag05 and CO and Oj increased the number of outpatient visist by 0.77% at lag0 and 1.39% at Lag3
respectively. For respiratory and circulatory diseases PM,5 PM;, CO and O; had stronger influence on men than on women while SO, had weaker
influence on men than on women. NO, had stronger effects on men’s respiratory system and women’s circulatory system. Air pollutants had stronger effects
on the respiratory system of adolescents ( 7~ 17 years old) and the circulatory system of middle age ( 41~65 years old) comparing with other age group.
Six kinds of air pollutants had different degrees of pollution which had different degrees of impacts on respiratory and circulatory diseases of residents with
different gender and different age group in Linyi City.

Keywords: air pollutants; pollution characteristics; exposure response relationship; health impact
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Table 2 Distributions of outpatient visits of respiratory and circulatory disease for different gender and different age patient in Linyi City in 2015
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ER lag01 ~ 1ag05 N ER
ER lag04 0.72% 95%°Cl 3.
(95%Cl1:0.28% ~1.16%) . 5
3 ER 95%CI

Table 3 The ER and its 95% confidence intervals of daily outpatient visits of respiratory and circulatory system disease when increasing per unit

concentration of pollutant at best lag time

ER 95%Cl ER 95%Cl
PM, s lag0 0.57%( 0.41% ~0.73%) lag05 0.60%( 0.29% ~0.91%)
PM,, lag0 0.36%( 0.25% ~0.46%)
S0, lag0 1.77%( 1.35% ~2.20%) lag01 1.04%( 0.58% ~ 1.51%)
NO, lag0 1.29%( 0.82% ~ 1.75%) lag01 0.54%( 0.05% ~ 1.03%)
co lag0 0.69%( 0.55% ~ 0.84%) lag05 0.47%( 0.21% ~ 0.74%)
0, lag3 1.07%( 0.74% ~ 1.40%)
PM, 5 lag0 0.71%( 0.45% ~0.96%) lag04 0.72%( 0.28% ~1.16%)
PM,, lag0 0.44%( 0.28% ~0.61%) lag04 0.80%( 0.51% ~ 1.09%)
S0, lag0 1.61%( 0.94% ~ 2.28%) lag05 3.55%( 2.37% ~ 4.74%)
NO, lag0 1.68%( 0.95% ~ 2.41%) lag05 3.54%( 2.32% ~ 4.77%)
(0] lag0 0.77%( 0.54% ~ 1.00%) lag05 0.74%( 0.33% ~ 1.16%)
0, lag3 1.39%( 0.90% ~ 1.88%)
3 ER 4. 4
PM,,.PM,,.S0,.NO, COS5 S0, 5
( lag0) N ER PM, ;.
ER PM,,-NO,.CO.0,
(p<0.05); O, 4 d 0.67%-
(lag3) . ER  0.44%.1.41%.0.76% 1.25%.
(p<0.05) . SO, NO, 4
SO, NO, 2 PM,,.PM,.CO.0,
d(lag0l) PM,; CO
6 d(lag05) PM,, O, 0.77%- 0. 80%- 0. 96%
PM,; PM,, 1.65% SO, NO, 10 pgem™
5 d(lagd4) SO,.NO, CO 3.73%-
6 d( lag05) 3.88%
PM,,.PM,,.CO.0, .
3.5 GAM ER
3.5.1 : S0, .
( ER ) : NO, ER
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*

4 N ER 95%CI1

Table 4  Effect of per unit concentration increase of pollutant on the ER and its 95% CI of daily outpatient visits of respiratory and circulatory disease

in different gender groups

ER 95%ClI
PM, lag05 0.67%( 0.27% ~1.07%) 0.54%( 0.04% ~ 1.03%)
PM,, lag0 0.44%( 0.31% ~0.58%) 0.22%( 0.06% ~0.39%)
S0, lag0 1.71%( 1.17% ~2.26%) 1.89%( 1.21% ~2.58%)
NO, lag0 1.41%( 0.81% ~2.01%) 1.11%( 0.37% ~ 1.86%)
co lag0 0.76%( 0.58% ~0.95%) 0.59%( 0.36% ~0.83%)
0, lag3 1.25%( 0.82% ~ 1.67%) 0.82%( 0.29% ~ 1.35%)
PM, lag0d 0.77%( 0.16% ~ 1.39%) 0.66%( 0.03% ~ 1.29%)
PM,, lag0d 0.80%( 0.40% ~ 1.20%) 0.79%( 0.38% ~ 1.20%)
S0, lag05 3.44%( 1.82% ~5.09%) 3.73%( 2.05% ~5.43%)
NO, lag05 3.18%( 1.50% ~4.89%) 3.889%( 2.12% ~ 5.66%)
co lag0 0.96%( 0.64% ~ 1.28%) 0.60%( 0.27% ~0.93%)
0, lag3 1.65%( 0.97% ~2.33%) 1.15%( 0.46% ~ 1.85%)
* (ER )
3.5.2 N
(ER ) ER 5. 5
( ) 0, 5
5 . ER 959%CI

Table 5  Effect of per unit concentration increaseof pollutant on the ER and its 95%CI of daily outpatient visits of respiratory and circulatory disease in

different age groups

ER 95%Cl
<6 717 18~40 41~65 =66
0.50% 1.67%
PM, lag05
2 2 (0.06% ~0.93%) ( 1.00% ~2.34%)
0.25% 0.76% 0.47%
PMyy  lag0 ’ ’ ’
(0.10% ~0.40%) (0.53%~0.98%) (0.15% ~0.79%)
% » 1.01% 3.68% 1.77% 2.01%
o2 A (0.41%~1.62%) (2.77% ~4.61%) (0.49% ~3.08%) (0.90%~3.14%)
"o » 3.28% 2.15% 1.36%
2 @ (2.27%~4.30%) (0.76% ~3.55%) (0.16% ~2.57%)
o » 0.51% 1.33% 0.79% 0.44%
A (0.31%~0.71%) ( 1.02% ~1.65%) (0.34% ~ 1.24%) (0.05%~0.84%)
0 s 1.17% 2.61% 2.32% 2.72%
3 % (0.45% ~1.90%) (1.62%~3.61%) (1.44%~3.219%) ( 1.08% ~4.38%)
0.88%
PM lag04
= o (0.27%~1.50%)
. - 1.88% 0.92% 0.59%
10 2 (0.25% ~3.53%) (0.529%~1.32%) (0.12%~1.06%)
3.86% 3.45%
) lag05
2 8 (2.24%~5.51%) (1.54%~5.40%)
3.92% 3.00%
NO I
2 ag0 (2.23% ~5.64%) ( 1.45% ~4.58%)
0.90% 0.64%
o I
20 (0.58%~1.22%) (0.27%~1.02%)
0 s 2.43% 2.58% 1.33% 1.09%
3 ag.

(0.07% ~4.84%)

( 1.03%~4.15%)

(0.66% ~2.00%)

(0.28%~1.92%)

:PM, 5.PM 1.50,.N0,.0,

10 pgem™ CO

0.1 mgem™.
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( Prisby et al. 2008)
( Hermes

et al. 2006; Sood et al. 2008)

N

( Kim et al. 2006; Mitsakou et al.
2007) .

( Weichenthal et al. 2014) .

( Wu et al. 2010; Khanjani

et al. 2012) .
( 5:O®
0, 5 (7~17 )
(18~40 ) (41-65 )
(=<6 ) 3
(=66 )
0, 5 N
6
(41~65 ) ER
ER .2
(<14 )
(=65 )
( Ko et al. 2007; 2010;
2013; 2014; 2017,
2018) N (
2008) .
( 2015; Phung et al. 2016)
( 2015; Phung et al.
2016)
<14 .15~54 =65 ( 2014,
2013; 2017, 2018) .3
(<17 )
( 3.
(
2008; 2013)
N =065
<14
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et al. 2013) ; S0,.NO, PM,3
=65
(Ma et al. 2017) ;

2015) .

)

)

S0,.NO, PM, 3

( Cinar er al. 2012)
6

65

( Generalized
Additive Mixed Model) (
0~ ) ( 2013)

3 ( Capraz et al.
<14 6 ( Complicated relationship between
=65 explanatory variables and response variables) .
( 2008) - A
S5~100 L 11~15 .16~64 =65
( ) 5
65
) 5~15
( ) .
( Cinar et al. 2012) A
5~15 X '

( Peng et al. 2006) .

- ( Rosas et al. 1998; Lee

et al. 2006) ; ( Multi = pollutant
mixtures) . ( Multiple exposures
) (
). \ ( Socio — economic

conditions)

( Jennifer

et al. 2018)

~ S

( Stafoggia et al. 2017) .

( Eckel et al. 2012; Simoni et al.

2008; Samoli et al. 2008;

( Wedderburn 1974)
) (

( Schwartz 1994)

2016) .

« ”

5 ( Conclusions)

1) 2015 6 PM, .
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