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Abstract:

[Background] Air pollutants have a short-term impact on respiratory health and children are
more sensitive to air pollutants.

[Objective] This study investigates the associations between six routine monitoring pollutants
[coarse particulate matters (PMyo), fine particulate matters (PM,s), ozone (Os), carbon dioxide
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(CO), sulfur dioxide (SO,), and nitrogen dioxide (NO,)] and daily hospital visits for childhood respiratory disorders in Shanghai.

[Methods] We collected outpatient visits for childhood respiratory disorders from Children’s Hospital of Fudan University, and air
pollutant concentration data and meteorological data of Shanghai from January 1, 2014 to May 31, 2016. We used generalized additive
model with Poisson regression to quantify the associations between six air pollutants and daily hospital visits for respiratory disorders
after adjusting for secular trend, day-of-the-week effect, holiday effect, and meteorological variables. The effects of pollutants on children
of different genders were compared as well.

[Results] During the study period, the daily average concentrations of PM,,, PM,5s, Os, CO, SO,, and NO, were 70.5, 53.2, 101.8, 812.7, 17.2,
and 46.2 ug-m>, respectively; the unqualified rates of PMy,, PM,s, Os, NO, were 4.20%, 20.09%, 11.58%, and 7.04%, respectively, and SO,
and CO did not exceed the national limits. The single-pollutant model results showed that with every 10 ug-m™ increase of PMio, PM,s, Os,
and SO,, the RRs of children’s respiratory outpatient visits were 1.002 2 (lag4, 95% Cl: 1.001 7-1.0026), 1.0019 (lag4, 95% CI: 1.0014-1.0024),
1.0019 (lag2, 95% CI: 1.0014-1.0025), and 1.005 2 (lag4, 95% CI: 1.003 2-1.007 2), respectively. With every 10 ug-m™ increase of NO,, the
outpatient visits of boys increased by 0.12% (lag2, RR=1.0012, 95% C/: 1.0001-1.002 4). Girls (lag4, RR=1.0027, 95% C/: 1.0019-1.0035)
were found slightly more sensitive to O; exposure than boys (lag2, RR=1.0018, 95% C/: 1.001 1-1.002 5) in outpatient visits. The effect of CO
on boys was statistically significant at lagl and lag2 (P<0.05), while that of girls was statistically significant at lagl, lag2, and lag3 (P<0.05).
The effect of SO, on boys was statistically significant at lag2, lag3, and lag4 (P<0.05), but only at lag4 for girls (P<0.05). The results of
double-pollutant model showed that the RR of O; did not change significantly after the other five pollutants were introduced into the
model; when PM, s and PMy, were introduced into the model, the effects of all pollutants except O; changed greatly.

[Conclusion] The increase of SO,, O3, PMyo, and PM,s concentrations in Shanghai may lead to the increase of daily hospital visits for
childhood respiratory disorders with lag effects. NO,, Os, CO, and SO, have different effects on boys and girls. Air pollutants may have
complex effects on children’s respiratory health due to their possible interactions.

Keywords: air pollutant; childhood respiratory disorder; hospital visit; generalized additive model; time-series
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4 E (Girls) 773.0 2423 2150 6120 7140 916.0 1739.0
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[SREZ

Meteorological factor

BISR/°C

Daily mean air 16.2 82 -61 8.5 16.8 229 333
temperature/°C

HF9ERE /%

Daily mean relative 730 1128 350 640 750 83.0 98.0
humidity/%
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Figure 1 Variation trends of air pollutant concentrations and children’s respiratory disease outpatient visits in Shanghai
from January 1, 2014 to May 31, 2016
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Figure 2 Changes of children’s respiratory disease outpatient
visits associated specific air pollutants in Shanghai from
January 1, 2014 to May 31, 2016
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lag3 o 09988 (0.9978~0.9997) 09947 (0.9933~0.9962) ~ 0.9932 (0.9913~0.9951)
lagd S0, 10048 (1.0017~1.0078) ~ 09932 (0.9831~0.9983) ~ 0.9989 (0.9943~1.0035)
lag2 NO, 09986 (0.997171.0001) 09944 (0.9925~0.9963) = 0.9965 (0.9945~0.9985)

1.0023 (1.0018~1.0027)

1.0019 (1.0014~1.0024) *

09989 (0.9983~0.9995) *
1.0051 (1.0030~1.0071)

09987 (09977~0.9997) °
1.0024 (1.0018~1.0030) *

1.0018 (1.0011~1.0025)

09984 (0.9976~0.9992) °

1.0049 (1.0023~1.0076) *

1.0012 (1.0000~1.0024)

1.0021 (1.0014~1.0028) "

1.0019 (1.0010~1.0027) *

09987 (0.9978~0.9996) °
10047 (1.00161.0078) *

09983 (0.9969~0.9998) *

1.0048 (1.0041~1.0055) "

1.0073 (1.0062~1.0084) *

1.0020 (1.0015~1.0025) *

1.0091 (1.0062~1.0112) *

1.0024 (1.0009~1.0038)
1.0048 (1.0039~1.0056) *

1.0064 (1.0050~1.0078)

10019 (1.0012~1.0025) *

1.0079 (1.0043~1.0116) *

1.0015 (0.9997~1.0033)

1.0048 (1.0038~1.0059) ~

1.0083 (1.0067~1.0100) *

1.0027 (1.0019~1.0035)

10100 (1.0057~1.0143) *

1.0004 (0.9982~1.0026)

1.0035 (1.0028~1.0042) "

1.0020 (1.0012~1.0028) *
1.0019 (1.0013~1.0024) *

09974 (0.9966~0.9983) *

09987 (0.9974~1.0001)

1.0038 (1.0029~1.0048) *

1.0019 (1.0009~1.0029)
1.0017 (1.0010~1.0024) "

09956 (0.9945~09967)

09995 (0.9979~1.0010)

1.0032 (1.0020~1.0043) *

1.0020 (1.0008~1.0032) "
1.0026 (1.0018~1.0035)

09975 (0.9962~0.9988) *

09961 (0.9941~0.9980) *

1.0033 (1.0027~1.0039) "

1.0029 (1.0022~1.0036) *
1.0020 (1.0015~1.0025) *
09979 (09970~0.9988)

1.0072 (1.0046~1.0098) "

1.0032 (1.0025~1.0039) *

1.0024 (1.0015~1.0033)
1.0018 (1.0012~1.0025) *
09970 (0.9958~0.9982)

1.0058 (1.0024~1.0092) *

1.0032 (1.0023~1.0040) *

1.0030 (1.0020~1.0041) "
1.0027 (1.0019~1.0035)
09981 (0.99670.9995)

1.0074 (1.0034~1.0114) *

[E] coBign 100 ug'm*, H=SISRYEIZIN 10 ug-m>s PM,s 5INBY PMyo SEBR{EI PMio-PM; 50 * & P<0.050
[Note] For each 100 pg:m? increase of CO and 10 pg-m? increase of other air pollutants. The actual value of PMy, introduced into PM,s is PMyo-PM,s.*: P<0.05.

3 itig

ERIMKERKRARTEZIN, PM,s. PMy S0, FZ
SIERYXY) | EWIR R A RBRIFEREEME S 2, &
MAREREZNHVBNERERRE, XrJESX TR
W ABEZRM. ZERIR. Rt HENERE X
AT X 4810 Poisson [B])31& 2 g9 B 8] /% 51| 49
M, TEEFIEEHERE . 2HTLMMN. TR BB
MERAZXPEWT, EEDHT LETTRTEY
5) L ZENRAGER 122 ZERX R,

KHRRLER E R, SO. Osu PMy Fl PM,s BY K FE
FErIRES ) LEM IR AR 112218, HFEE

WEHMN, FRo.EHE2d B NERK, HR=%F
ETEHE 4d RN EREIR K. BEEMRREEH, BN
™ PMiov PM,s LUK SO, SRR R 12 8 RVER5R
MMWBHTEFF0d, BIHE ™ ; HiH s0, &R
RIS 3d\ 0s RBMNIEH/E5d M, A I
SRUNREREEHEERENN. ZERERRES
BHISEMU D ERERE NBEZRIEFRF
FSESPSEE

SO, %) LEM IR R AR 112 ERVEHI NN &
K, SO, REEIEIM 10 ug:m?, ) LEMFR ARG ERFEI]
ZEEMO0.52%, SEIEMREREM. LiBTHRA

www.jeom.org



28 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2021, 38(1)

BH—INE B FHFR A, SO, RESHS 10ugm?,
MEIR 2R sl JI2 B 18I0 1.61%, L ELfthi5 RYRVE
HARA &R K U, so, ABE W F R, BEBIMEILEK
MR, S8 EMIRES ER Y, Fit, R
B 5HRIE] L8 so, & HE GB 3095—2012 (IR
TRREMNE) FTAERRERE, B2MXT) LEW
R R 42 B A HRAR AY 1 E 220,

PMy, (RR=1.0022) X) LEEMF IR RETEIRI 122/
5EEARZMEBESE T PM,s (RR=1.0019) o XS HMBI—IN
R EE R PMy I PM, s K E & 18 0 10 ugm™,
X3 ) LE MR R ETR )220 RR1E 579 1.047 9 A
1.0241 1%, FONMI—IAAR LR, EERFVHEEM
Rz, PMy CRE® EA— MO MIEUEIEE, ) LEMFR
AGHEREI NZE EANBIMREREN 3.48%, KF
PM,s SEBIBFBIOE (1.78%) ¥, XLELE RARIEST
T PRI IR R AR RS,

ERERYNBEMZETRARAER JI2E
HNEMEFEEES NO, RESIEI 10 ugm?, lagd I E
B i2E1EM0.12%, MZENZERHUERAITER
Xo lag2 B L EXT 0, RELL BEFHUK, ILIh, S0, 5
COXBLZET R ARFAEMINIZEFMAYFGH
BFIRE. XAESBELERBNAERNHES Y
UNBERER T BEX,

555 MEEEL, REMAEMSEYSIN
WSERIER G, 0, RREWWTHELZ W, 5liang
F I RRER— K. XFKRAB 0, AJEEXY ) LEMF IR R4
RREFETERIZIEIARN. K PM, 5| AT HIER
&, BRO: 9N, HRSRMMNMN BT EFREEREX
BOHK. ZIREATEEABKPERETREREN
PMy AR, BIREF=EMISZ, ELLH5IN PV FEMITER
PIBIRE R T FE B, 2438 co A NO, 51 ANX5 AR B b
&5 PMio. PM,s 0 SO, BIRERZH Ko BEFERRR B RER,
PR S S ST SR EB RRERME 22, W
TSRYINRBIERRIA, ISR RREN IR 2 E R
B RE M, 6 MSRY 2 Bl ] BEFEEE ZIEIIE
R nEER. Sz BRI mE 54
MIEBINSERNINEE, XU EAMRKRERZS
FMEBE R RE R,

R EFMR, SRS LETR RS RREFE
FZEARIN, PMyo. PM,s. O F1 SO REA BB S EHIL
B ARARRKI JIZEEN ; NO, M O FIREZ
NBENZEFRAARBENEMEEES ; SF
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