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[Abstract] Objective To study the acute effects of compound ambient air pollution on small
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airway lung functions among school children in Shanghai. Method A longitudinal survey on lung
functions was conducted among 233 school-children from three schools (A, B and C, located in
inner-ring, mid-ring and outer-ring areas). Lung function test was performed once a week for 3 times
respectively, among children in school A and B in Dec. 2013 and in school C in Dec. 2014. The fourth
lung function test was tested in Jun. 2014 and May 2015 in the respective schools. Results from the
lung function would include items as: forced mid-expiratory flow at 25% of forced vital capacity
(MEF.s.), mid-expiratory flow at 50% of forced vital capacity (MEFs), mid-expiratory flow at 75%
of forced vital capacity (MEF-s..) and mid-expiratory flow between 25% and 75% of the forced vital
capacity (FEFasqs54). Data regarding the daily air quality real-time of PM.,s, PM,,, SO, and NO; in Dec.
2013, Dec. 2014, Jun. 2014 and May. 2015 from the three environmental monitoring spots and
meteorological data from the Shanghai Meteorological Service system which were physically close to
the three schools, were collected simultaneously. Linear mixed effect model was used to examine the
levels of correlation between lung function indicators and ambient air pollutants. Results When
confounding factors on meteorology and individuals were controlled, the lag effects and accumulated
lag effects were found to have existed between the internal quarter rang (IQR) concentration of PM,;
and PM,, in lag2 day and 1ag02 days, IQR concentration of SO, in lag02 day and IQR concentration of
NO; lag0 day, when small airway lung functions like MEF.s;, MEFso:, MEF3s, and FEFs 75:.(P<<0.05)
were inspected. Results from the two air pollutants model analysis showed that SO, and NO,
presenting interactive effects with PM,s, PM,, and lag effects more significant than the individual SO,
and NO,, respectively (P<<0.05). Conclusion Contents on the ambient air pollutants as PM,s, PM,,,
SO, and NO, were negatively associated with the lung functions in the small airways of children, in

Shanghai.
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SR 2 lag0 : lagl : lag2 : lag3 :

M IQR  Min Max M IQR  Min Max M IQR  Min Max M IQR  Min Max
PM.s(ng/m’) 76.35 63.48 11.70 129.25 78.53 5441 20.23 19291 61.16 3897 1425 11458 57.11 7630 23.88 217.99
PM,o(png/m’) 95.16 63.58 17.17 173.16 111.90 91.95 25.06 230.18 81.58 3832 16.44 133.14 87.03 9237 31.03 23548
SOx(ng/m’) 25.55 3442 859 5433 3193 2943 1070 64.05 2522 2757 674 5469 2786 2563 10.18 81.99
NO,(pg/m’) 66.43 40.86 39.20 122.71 68.21 3473 3738 114.61 6431 29.82 2740 99.54 7329 34.81 2690 96.28
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ShFRA lag01 : lag02 ' lag03 .

M IOR Min Max M IQR Min Max M IQR Min Max
PM.s(pg/m’) 69.43 47.41 15.96 138.10 61.35 44.60 40.27 128.73 66.75 38.89 41.61 129.15
PM,o(png/m’) 87.07 79.36 21.12 179.93 80.14 64.95 51.78 164.33 96.06 48.59 54.70 161.30
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T P 1] p 95%CI p 95%CI p 95%CI P 95%CI
0 0 0 (4

PM,s  lag0  -0.73 -3.70~2.33 -1.60 -435~1.24 -2.88 -5.73~0.06 ~1.60 -421~1.09
lagl -0.75 ~2.46 ~1.00 -0.07 -1.67~1.57 -0.87 -2.56~0.85 -0.25 -1.76 ~ 1.28
lag2  -3.70° -6.34~-099  -2.66" -5.14~-0.11 -2.04 -4.69 ~0.68 -2.83° -5.18 ~-0.43
lag3 -0.18 2.42~2.12 -0.03 —2.11 ~2.09 -0.09 -230~2.17 -0.06 -2.03 ~ 1.96
lagdl  -0.44 —2.42~1.59 -0.33 -2.19~1.57 -1.52 ~3.46 ~ 0.46 -0.54 -229~1.24
lag2  -1.93 —4.35~0.55 -1.43 -3.68~0.88 -2.63" -5.00 ~-0.21 -1.73 -3.88~0.47
lagd3  -0.80 -3.13~1.58 -0.71 -2.89~1.51 -1.42 -3.70 ~0.91 -0.80 -2.85~1.29

PM,  lagd  -0.87 -3.98~2.33 -1.60 —4.46 ~1.35 -2.74 -5.74~0.35 -1.60 -433~121
lagl -1.26 -3.57~1.10 -0.42 -2.59~1.79 -1.47 -3.73~0.85 -0.63 -2.67 ~1.45
lag2  -3.04° -526~-077  -2.18 -426~-0.06  -1.40 -3.63 ~0.87 -2.35° -4.33 ~-0.34
lag3 -0.01 —2.40 ~2.44 0.06 —2.16~2.34 0.26 -2.10~2.67 0.04 -2.06 ~2.19
lagbl ~ -0.91 -3.67~1.93 -0.55 -3.15~2.12 -2.35 -5.04~0.42 -0.91 -336~1.61
lagn2  -3.09° -6.06 ~-0.03 222 ~4.99 ~0.63 -3.53" -6.42 ~-0.54 -2.66 -5.27~0.03
lagd3  -1.66 —4.24~0.98 ~1.44 -3.84~1.01 -2.10 ~4.62 ~0.48 -1.66 -3.92 ~0.65

SO, lag0 1.36 —4.40 ~7.48 0.13 -5.18~5.75 -2.66 -8.11~3.12 0.19 -4.86 ~5.51
lagl 221 —6.24~1.99 -121 -4.99~2.72 -3.40 -7.30 ~ 0.68 -1.81 -5.38~1.89
lag2  -4.16 -9.94~1.99 -2.38 -7.82~3.38 2.45 -3.60 ~ 8.89 -2.01 -7.21 ~3.48
lag3 -0.18 —2.75~2.47 0.05 -2.34~2.50 0.81 -1.74~3.42 0.12 -2.15~2.44
lagbl  -1.19 -5.07~2.86 -1.45 -5.07~2.29 -3.73 -745~0.15 -1.78 -519~1.77
lag2  -5.01 -10.42 ~0.72 -5.01 ~10.04 ~ 0.30 -6.21° -11.47 ~ -0.65 -5.21° -9.97 ~-0.19
lagd3  -3.41 -8.57~2.03 -3.73 -8.49~1.28 -3.23 -831~2.13 -3.60 -8.13~1.17

NO,  lagd  -2.42 ~5.43 ~0.69 -2.97° -577~-0.08  -3.78 -6.72 ~-0.76 -2.87° -5.54~-0.13
lagl -2.14 -5.60 ~ 1.46 -1.35 —4.60 ~2.01 -1.43 -4.87~2.14 -1.51 -4.59 ~ 1.68
lag2  -0.96 -4.79 ~3.03 -0.55 -4.12~3.16 1.68 -2.20~5.71 -0.27 -3.69 ~3.26
lag3 1.28 -2.60 ~5.32 0.67 -291~437 1.35 -2.46 ~ 531 0.89 -2.52~4.43
lagbl  -0.97 —4.22 ~2.40 -1.92 -4.94~1.18 -2.29 -5.46~0.98 -1.56 —4.43 ~ 1.40
lag2  -1.61 -536~2.28 -2.34 =5 81 - ] 55 -2.08 -5.77~1.75 -1.95 -5.26~1.49
lagd3  -0.80 —4.44~2.97 -1.90 -525~1.57 -1.35 -4.93 ~236 -1.40 -4.60 ~ 1.90

1 °P<0.01; "P<<0.05; MEF Jfiliifi & S RIF I 8 3 FEF IR Hp Bt s PRI REFEAR R IL R (%) 3 PM R il AJSURiY) 5 SO,
J AEALE ; lag0 ~ 3 MMl BEI R S K ZRT 3 d; lag01 ~ 03 A filiBhAgm & £it3 d
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