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Abstract: [ Objective | To study air pollution and variations of lung functions among primary school children in haze period
in winter in Shanghai. [ Methods | A longitudinal survey of lung functions was conducted among 182 children cluster sampled in
one class from each of grade 3-5 in two primary schools (A was located in downtown area and B was located in suburban area). Lung
functions of the students were examined once a week for three times in December 2013 and once in June 2014 as control. Daily real-
time monitoring data of fine particular matter (PM,5s), inhalable particular matter (PM), sulfur dioxide (SO.), and nitric dioxide (NO,)
in December 2013 and June 2014 at two national environmental monitoring spots close to the two schools were collected. Student’s ¢
test and chi-square test were used to analyse the difference hetween two groups. Variance analysis module for repeated measures of

general linear model (GLLM) was used to examine the trend of lung function indicators. [ Results | The average PMys, PM;y, and
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NO, concentrations in December 2013 exceeded the national air pollution level I stipulated by China Air Quality Standards (GB
3095-2012), especially PM,s which reached the severe pollution category. The four air pollutants’ concentrations in June 2014
complied with the level II and were much lower than those in December 2013 (P<0.01). There were 160 out of 182 children (87.91%)
completed four lung function examinations, and the gender, age, height, and weight between the children of two schools appeared no
differences. The forced vital capacity (FVC) at the second time and the peak expiratory flow (PEF) at the third time of examination
for school A were higher than those for school B (P<0.05). All lung function indicators showed a variation tendency over time (P <
0.05 or P<0.01). An interaction effect between time and school was also observed on FVC (P<0.01). The variation of FVC, forced
expiratory volume in one second (FEV1), maximal expiratory flow at 50% (MEFsy), and maximal expiratory flow at 25% (MEF,s)
showed a descending trend over the four examinations (P <0.01). The marginal mean plots showed that FVC, FEV1, MEFsq, and
MEF5s, were reduced linearly over the four examinations; PEF, maximal expiratory flow at 75%(MEF7ss), and forced expiratory
flow between 25% and 75% (FEF3s¢.756) went down in the first three examinations, but went upward in the fourth examination. The
marginal means of lung function indicators in December 2013 were different significantly compared with the results of June 2014
(P<0.05 or P<0.01). [ Conclusion | The air pollution around the two schools was serious in December 2013 compared with June
2014, and the children in the two schools experienced gradually reduced big and small airway functions. Some indicators rebounded

after the haze period, but some indicators maintained at low levels.
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Table 1 PM.s, PMyo, SO,, and NO, concentrations at two national air monitoring spots close to school A and B

| REEYRY W A FEAR W (pgm®)  H/ME(pg/m’ ) 35K (pg/m’ ) EFRREL(d) IR
Time Air pollutant Spot n Xxs Min Max Days of over-standard  Max multiples of over-standard
20134E12 A PM,s A 31 131.61 + 94.56* 13.25 502.20 23 5.70
December 2013 B 31 124.87 +94.11* 10.45 492.45 22 5.57
PMo A 31 153.70 = 101.50* 16.20 545.10 13 2.63
B 31 157.16 + 105.82* 13.05 552.00 13 2.68
S0, A 31 46.96 + 24.69* 6.60 111.00 0 -0.26
B 31 44.59 +22.90* 8.40 85.35 0 -0.43
NO, A 31 86.76 +27.96" 38.75 149.55 18 0.93
B 31 86.60 + 30.17" 35.60 148.10 18 0.91
201446 1 # PM, s A 28 44.90 +20.52 14.43 100.90 2 0.35
June 2014 B 28 40.20 +20.62 10.66 92.64 2 0.24
PMo A 28 55.13 +26.29 19.86 139.92 0 -0.07
B 28 53.74 +28.08 16.72 131.88 0 -0.12
S0, A 28 12.73 + 4.80 7.09 25.18 0 -0.83
B 28 12.58 +4.73 6.21 25.10 0 -0.83
NO, A 28 4138 +8.97 26.69 56.20 0 -0.29
B 28 36.31 = 10.73 19.17 58.22 0 -0.27
[ J+: 5201446 A B — Wl & B —7 Je b, 2WBEAR L, P<0.01; a: 20144 6 F 28,29 H #Esk %,

[ Note | *: Compared with the same air pollutant in the same monitoring spot in June 2014, using student 7 test. a: Data on June 28 and 29, 2014 are not available.
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Table 2 Lung functions of students in two schools over four examinations
2013412 H ( December 2013 ) 201446 J1 ( June 2014 )
Infj’;m ;fnl S5 1R (First ) 55 21K (Second ) 55 3¢ (Third ) 55 4 ¥ ( Fourth )
FEAKL ( Number ) X+s FEAKL( Number ) X+s FEAKL( Number ) X+s FEAKL( Number ) X+s
FVC(%) A 93 85.69 £9.09 92 86.78 + 8.20" 88 86.28 +8.58 93 83.64 +£9.01
B 87 87.98 +9.86 85 83.88 +9.69 83 84.88 +8.42 86 82.50 + 8.37
FEVI(% ) A 93 83.28 +8.87 92 83.41 +9.51 88 82.08 +9.75 92 80.30 + 10.41
B 87 85.11 £10.83 85 82.99 + 10.31 83 81.69 = 10.12 86 80.72 + 10.32
PEF( %) A 93 85.31 =+ 15.10 92 84.85 + 18.12 88 85.16 +17.91% 93 87.29 + 18.39
B 87 85.31 + 14.81 85 85.59 +17.51 83 79.93 £ 15.87 86 85.81 +13.84
MEF50.( % ) A 93 82.27 + 14.54 92 81.54 + 18.20 88 80.56 + 17.40 93 82.21 +17.94
B 87 82.55 + 15.65 85 81.99 + 18.03 83 7743 £16.29 86 80.76 + 13.69
MEFso (% ) A 93 76.33 £ 15.44 92 76.28 +18.22 88 73.32 £ 17.46 93 73.12+17.97
B 87 78.80 + 18.23 85 77.04 £ 18.24 83 73.34 £15.31 86 74.22 +16.37
MEF,s5.( % ) A 93 68.34 £ 17.02 92 70.42 +19.75 88 68.41 £ 19.77 93 66.37 + 19.98
B 87 70.57 £ 17.52 85 7242 +15.38 83 67.80 £ 17.75 86 66.20 + 16.95
FEF)s6-750. ( L/s ) A 93 2.01 £0.55 92 2.00 £ 0.57 88 1.94 +0.58 93 2.04+£0.61
B 87 2.06 £0.49 85 2.07 £0.45 83 1.93£0.47 86 2.12+0.49
[ ]+ §BERANL, RAMIER AT, P<0.05,
[ Note ]#: Compared with school B, using student ¢ test, P<0.05.
R3 AENEEMIEEREERSNER
Table 3 Results of variance analysis on between- and within-subjects effects
Clasz:;i;ition 1:@7,1\‘5/{7;?/* ﬂzsiff? A E‘?E{‘ S%;tl]_i—fi FVC FEV1 PEF MEF7s0 MEFso:*  MEFss0.  FEFaso.750
e ) MR 2k 1 F 0371 0200 0276 0032 0431 0143 0207
Test of between-subject effects ~ Test of effects  School P 0.543 0.648 0.600 0.859 0512 0.706 0.650
A Movk®  mE 3 F 23641 15102 3.120 3.303 9071 8340 9810
Test of within-subject effects  Test of effects ~ Time P <0.001  <0.001 0.026 0.020  <0.001  <0.001  <0.001
W] x 2k 3 F 8532 1.901 1826 0862 0355 0834 1002
Time x school P <0.001 0.129 0.142 0.461 0.772 0.476 0.392
ZRVERG I s} ] 1 F 50.072 42.951 0.193 3.674 29.197 19.520 0.280
Linear test Time P <0.001 <0.001 0.661 0.057 <0.001 <0.001 0.597
B 2 1 F 7244 2.105 1114 1.033 0.190 1561 0023
Time x school P 0.008 0.149 0.293 0.311 0.664 0.213 0.879
[ Ja: MEFse, T # B 23R ( Mauchly’ W)183% (P<0.01 ), % Greenhouse-Geisser 77 =R E45 240 5t F, HHEHEAES L AR AR E
HE 5 2.815,
[ Note ] a: MEFsy, does not satisfy Mauchly’ W assumptions (P<0.01), thus degree of freedom ( DOF ) and results need to be adjusted according to

Greenhouse-Geisser, and the adjusted DOF is 2.815.
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