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ABSTRACT

To evaluate the acute effects of fine particles on pulmonary function, a longitudinal study was conducted. This study
was carried out for the schoolchildren (3rd and 6th grades) living in Beijing, China. Each child was provided with a
mini-Wright peak flow meter and a preformatted health symptom diary for 40 days, and was trained on their proper
use. Participants were instructed to perform the peak flow test three times in standing position, three times a day (9 am,
12 pm, and 8 pm), and to record all the readings along with the symptoms (cold, cough, and asthmatic symptoms) expe-
rienced on that day. Daily measurement of fine particles (PM;, and PM, 5) was obtained in the corner of the playground
of the participating elementary school for the same period of this longitudinal study. The relationship between daily peak
expiratory flow rate (PEFR) and fine particle levels was analyzed using a mixed linear regression models including gen-
der, height, the presence of respiratory symptoms, and daily average temperature and relative humidity as extrancous
variables. The total number of students participating in this longitudinal study was 87. The range of daily measured
PEFR was 253~501 //min. In general, the PEFR measured in the morning was lower than the PEFR measured in the
evening (or afternoon) on the same day. The daily mean concentrations of PM;, and PM, 5 over the study period were
180.2 pg/m® and 103.2 pg/m’, respectively. The IQR (inter-quartile range) of PM;, and PM, s were 91.8 pg/m’ and
58.0 pg/m’. During the study period, the national ambient air quality standard of 150 pg/m® (for PM,) was exceeded
in 23 days (57.5%). The analysis showed that an increase of 1 ug/m® of PM,, corresponded to 0.59 pg/m’ increment
of PM, 5. Daily mean PEFR was regressed with the 24-hour average PM,, (or PM, ) levels, weather information such
as air temperature and relative humidity, and individual characteristics including gender, height, and respiratory symp-
toms. The analysis showed that the increase of fine particle concentrations was negatively associated with the variability
in PEFR. The IQR increments of PM,, or PM, 5 (at 1-day time lag) were also shown to be related with 1.54 //min (95%
Confidence intervals: 0.94~2.14) and 1.56 I/min (95% CI: 0.95~2.16) decline in PEFR.
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Table 1. Individual characteristics of participants
Contents Grade Gender p-value
Boys Girls Total
No. of 3 24 (61.5) 23 (47.9) 47 (54.0) 0.205
sut(:je:ts 6 15 (38.5) 25 (52.1) 40 (46.0)
total 39 (100) 48 (100) 87 (100)
3 9.00£0.72 9.17 £0.89 9.09 + 0.80 0.464
} y‘tifs) 6 11.67 £ 0.49 11.80 £ 0.50 11.75 + 0.49 0415
total 10.03 £ 1.46 10.54 £ 1.50 10.31 £1.50 0.110
) 3 136.77 £ 6.27 137.86 £ 8.12 137.30 £ 7.18 0.607
]-zi:rglk)“ 6 148.00 +7.57 154.82 £ 6.61 152.26 +7.66 0.005
total 141.09 + 8.69 146.69 + 11.25 144.18 £ 10.51 0.012
) 3 3478 £7.04 32.84 +7.46 33.83+723 0.365
V&;;:(xgg)ht 6 4544 +11.24 50.38 £10.83 4853+ 11.11 0.177
total 38.88 +10.21 41.97+12.82 40.59+11.76 0.224
Note) Values are mean +S.D.
Table 2. Daily measured PEFR (2003.3.25~5.3) of participants
(Unit : [/min)
Gender
Contents Grade - p-value
Boys Girls Total
3 339 + 38.45(253~437) 332 +£39.95(259~417) 335 +38.92(253~437) 0.552
(hffriiig) 6 387 + 44.37(316~467) 401 = 50.75(299~475) 396 + 48.34(299~475) 0.391
total 357 £ 46.76(253~467) 368 + 57.19(259~475) 363 + 52.73(253~475) 0.361
3 346 + 37.33(267~438) 341 +39.62(270~425) 344 + 38.14(267~438) 0.634
(I;lil;l;) 6 399 + 49.92(321~501) 412 + 54.73(315~485) 407 + 52.74(315~501) 0.441
total 367 +49.28(267~501) 378 = 59.66(270~485) 373 £55.24(267~501) 0.333
3 342 + 38.26(262~437) 340 £ 39.36(267~423) 341 + 38.39(262~437) 0.851
(Eifrl:il;g) 6 397 + 44.52(322~496) 406 + 53.19(297~480) 403 + 49.70(297~496) 0.607
total 363 + 48.59(262~496) 374 + 57.27(267~480) 369 + 53.53(262~496) 0.346

Note) Values are mean + S.D. (Min.~Max.)
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Table 3. Meteorological conditions and fine particle concentrations during PEFR measurement days (2003.3.25~5.3)

Contents Mean S.D. Min 25th 50th 75th Max
Ambient air particles

PM(ug/m’) 180.2 80.5 55.0 116.0 164.5 207.8 330.7

PM, s(1g/m’) 103.2 49.5 313 64.1 92.6 122.1 217.8
Meteorological variables

Air temperature(°C) 154 4.2 6.9 12,5 14.8 18.8 23.7

Relative humidity(%) 49.6 14.6 21.0 38.5 51.0 57.5 83.0

Sea level air pressure(hpa) 1013.2 59 1002.6 1009.6 1012.6 1017.8 1024.3
350

g8 8 8

Concentration (ug/ms)
3

100
50
o . e e
’b’qg)'b"ﬂ(b’(g Q{Q;\ \x’&vp ‘Xu’g %u’sbv’)@v’(bv’\v u’\bu’\%u’q’o b((ibu’rbv \xﬁ’@u’(& v’@%’&
Date
—o~PM10 ~0-PM2.5
Fig. 1. Daily variation of PM,; and PM,;.
=0 FE7F lpgm® 712 o PM,s 5% 059 pg/m’
S e Z7kee o2 Vet p<0.5)
~ R wme 7Pdaizke] e Fis Table
) 4sh 2ok PMt PMys 2% Arigmshe fold 3
g 43 AE Ve, STt fojd gQak
& 50 HAE eI
P 4 O[MIET3 PEFRe| ZAE BEY £4
PMI0 (ug/m?) 3 BAA g3giatte $ASS ez ¢
Fig. 2. Regression relationships between PM,, and PM,s. PEFR¥} PM,, @ PM,; 557 ZA1E @A B4

Table 4. Correlation coefficients among fine particles and meteorological factors

PM,, PM,; Air temperature Relative humidity Sea level air pressure
PMo(ug/m’) 1.00000
PM, s(ug/m®) 0.95693%* 1.00000
Air Temp.(°C) 0.26769 0.14076 1.00000
R. humidity(%) 0.48111%* 0.46397** ~0.04396 1.00000
S.L.A Press.(hpa) —0.58546** —0.51435%* —0.063493** —-0.20886 1.00000

Note) * : p<0.05, ** : P<0.01.
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Table 5. Estimates of the regression coefficients for predicting
PEFR by individual characteristics using a mixed
model

PEFR = [, + B, (Gender)* + B, (Height) + B;(Symptom)™

Fixed effect

variable Estimate S.E. p-value
Bo —200.12 " 57.00 .
By 10.88 8.13 0.1809
B 391 0.39 <.0001
Bs 225 0.78 0.0039

Note) * : Gender (boys=1, girls=0), ** : Symptom (yes=1,
no=0)

Table 6. Estimates of the regression coefficients for PM,, and
PM,; using a mixed model
PEFR = B+ B, (Gender)” + B, (Height) + B; (Symptom)™
+ B4 (PM,, or PM,5) + Bs (Air temperature)
+ s (Relative humidity)
Changes of PEFR

Fixed effect Time lag

variable 95% C.1)
—0.81 I//min
0 day (~1.46, —0.15)
| day —1.54 l/min
Bs (PM,,) (-2.14, -0.94)
IQR = 918ugm’ day -0.65 I/min
(-1.23, —0.08)
3 day —0.29 I/min
(-0.88, 0.29)
—1.06 I/min
0 day (-1.70, 0.41)
1 day —1.56 l/min
Bs (PM, ) (-2.16, -0.95)
IQR = S8.0pgm’ day ~0.67 I/min
(-1.25, —0.09)
3 day —0.08 //min
(-0.67, 0.51)

Note) * : Gender (boys=1, girls=0), ** : Symptom (yes=I,
no=0), IQR : Inter-quartile range (75% - 25%)
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