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— Abstract —

The Effects of Particulate Matter on Respiratory Function of
Schoolchildren in Jgju: A Panel Study

Jae-Yong Maoon?, Su-Young Kim?, Kwang-Sik Park®, Ho Kim?,
Chung-Won Kang®, Hyun-Seung Park®, Soo-Hun Cho9, Yun-Chul Hong*®

Department of Preventive Medicine, Seoul National University College of Medicine?,
Department of Preventive Medicine, College of Medicine?,
Cheju National University, College of Pharmacy, Dongduk Women’s University?,
Department of Biostatistics and Epidemiology, Graduate School of Public Health, Seoul National University?,
Institute of Environmental Medicine, Seoul National University Medical Research Center®

Objective: To evaluate the changes in respiratory function associated with daily changes in particulate
pollution.

Methods: A total of 105 healthy schoolchildren of fourth and fifth grade elementary school age per-
formed peak expiratory flow rates (PEFR) during 2 periods (May 14~June 15, Oct 22~Nov 23). We mon-
itored concomitant ambient particul ate matter (PM) levels during the periods.

Results: An elevation PMy level of 1 ug/m? led to decreases in PEFR of 0.20 L/min. A 1 wg/n' eleva-
tion of PMs led to a decrease of 0.36 L/min in PEFR. In addition, 1 day lag was associated with PM o
levels and PEFR changes, and PM,s showed the same result. The metal levels determined at PM, and
PM s were found to be associated with decreased respiratory function.

Conclusions: An association between respiratory function and particulate pollution was observed
when particulate pollutant levels were lower than the yearly average National Ambient Air Quality
Standard in the Korea(50 wg/nr).

Key Words: Particulate matter, Respiratory function test, Children, Metals
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FAEY 712 #H 7% HHE Fetsb] da 71z A
715 AALE AAEAT. HF e A portable
micro-spirometer (Microspiro HI-601, Tokyo,
Japan)g °]&3td =284 #H&F(forced vital capac-
ity: FVCO), 123 =84 7% (forced expiratory
volume in one second: FEV1), =84 37] 3t &
% (mean forced expiratory flow during the mid-
dle half of FVC: FEF 25~75%)< &7d33tt. 4
£9] #A7lFd vAe 93 AT &S HEAeR
SHFerA Hrtetden, A7l #%52 mini-
Wright peak flowmeter (Clement Clarke,
Harlow, UK)E AHgste] S etsith. i dA=S s
T A AR A 9ADF AR A (e 12
, 23 A AIRK( 6r1) 27 Al MR Hd 57

) °F
F5E ZPoe 1 F AURE 712HES sk

ATF71ZE Bt 7R AT didAEY] g S
o 2% HHE dAste] S8kt PMi, PMas9]
£ polytetrafluoroethylene ZE o] F-2e wx| 9]
£ B3t} Aok T3 PMied PMasol 24
J5-2& ICP-MS (Perkin-Elmer, Norwalk,
USA)E o] &3t A3ttt 559 5
Aol g7l e PMut PMasoll e a5

PMiot PMos 2 E7lo] x3hel F&ol 93t PEFR
o] dFE Hrsh] feliA AFwE BARES F53)
Aot EAle BA-FEAF F22 compound symme-
tryE 83l SAS(ver 9.2)2] Mixed Procedure®
AHgSte] A ST #7159 ARl o et PEFR
< WReHSFE A5, PMy & WEEEE A
Heles AAsiant. AE, dE, A .
A5 A FAY, V2 #@V)ee 2 EF(fixed
effect) ®+= stz A, A4, 3571 S8
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Table 1. Characteristics of study subjects and their respiratory function

Male(n=57) Female(n=46)

Mean SD Mean SD
Age (year) 11.98 0.13 11.94 0.24
Height (cm) 143.72 6.36 142.98 6.90
Weight (kg) 41.88 11.20 39.72 8.76
FvC* (L) 2.20 0.33 2.00 0.31
FEV1' (L/sec) 1.97 0.28 1.84 0.31
FEVUFVC (%) 89.63 6.70 92.09 6.64
PEFR*(L/min) 301.47 45,98 281.84 55.36

* . FVC: Forced Vital Capacity, ' : FEV1: Forced Expiratory Volume in one second, * : PEFR: Peak Expiratory Flow Rate

A) PM1o
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B) PMz0
100
80
60
40
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0 = e =] = =
12 3456789101 121314 1516171819 2021 22 23 24 25 26 27 28 29 30 31 32

The spring season = = =

Fig. 1. Daily time-series data of PM1o, PM,s* during study
periods (ug/m?) '

*24h concentration measured at elementary school roof, "The
spring season, May 14~June 15; The fall season, October
22~November 23; 1(x) isfirst day of each study season.

*The fall season

29 g3k (random effect) W2 AP sttt 7]
H715C 2 PEFRY B2 A&t shwt 3%
FEV1/FVC, FEVI1, FVC #E2 249 &4 43
= U2 F AR 609 < AARE PEFRE]
ol AA S A Go} oJ-e|EY 7% Hrls=
Z gde] = 4 7] W&oty 7] £33 PEFR
A= p value<0.05 ¢ A EAZCZ Fo3lth
Sk , 7] #3043 PEFRY] #A= o
FEA (multlple comparison)< 23t p-value<

o
flo o2 rf' PN'

HAQ_WL

0.0025 2 A% FAHCR freolstrhn s,
2 ot
AT A 25oha 4~530d 44 F 10590] =
AT dHL 579, ofFAe dgolglon] FF o
He 120400900, Weel BINNE 145.7 em, <l

Aol Fi#7lE 143.0 cmelx, @H¥e] Hd FFA=

41.9 kg, o9 Hat 5= 39.7 kegeldinh. det
Aol FVCE 2.20 L, FEV1& 1.97 L., PEFR&
301.47 L/mine]lat, igkde] FVCE 2.00 L, FEV1
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= 1.84 L, PEFR—"— 281.84 L/min °]{tH(Table 1).

PMiodl 2259 142~69 15%) B F=E 33.27
ug/no] 31 }44 109 229~119 239) Fit ¥=e

22.42 wg/mrolem PMys9 4 Ha F== 15.35
ug/me, 7HEE BT s 13.36 ug/mJO]S\’iE} 7} 713%e]
H1 e Fdde AFAIR F 10€4(2007d 05€
269)% PMoZ 93.90 ug/m, PMase 43.50 ug/m* ]
o JHEEAAME 2942007 10¥€ 23¥)E PMi2
43.86 wug/me, PMy s 37.55 ug/mo] AT Fig. 1).

PMi¥} PMasol 213+ PEFRe| 93-S dletalr] 91s)
% BY9 PEFROIAMFE 2 & 547129 PEFR¥%
Hwatath, PM2 5% 99 PEFRS #ado] g3l
o 1 v5d PEFRE #9lsHl A THp0.05).
PM°] 1 w/m* 3712 W PEFRS 0.19 L/min
(0.02~0.36 L/min) #&AZHT. PMes2 2% 94
PEFRe} #dAe] glgleyd o t52 PEFRE A9
9 3 Al (marginal significant) #H4&A Z o
(p=0.0568). 1 wg/m¢ Z7}8 w] PEFR< 0.28 L/min
(-0.01~0.56 L/min) #4a=At}t. ti7]E23} 2o o] F
o] PEFRE 93 &l gtHFig. 2).

7] B3 W 349 =5 ¥43 23 Sizk PMeel
A 1.37 wg/me, PMasollA 1.13 wg/mZ 71 Bol Egh
Hol A9t I t2e & Mg, Fe, Al, Zn, Pb, Cu,
Mn, Ti, Ba, B, Cr, Hg, Sr, As, Ni, Cd £2& &

& ESe] 23] Adem, PMio? PMasellA H]
o #X 8 EAtH(Fig. 3).
718 23d 54 JE% PEFRY #dde £

e A3 PMyoll 238 54 4% % Mn, Zn, Ni,
Mg, Fe, Sr, Sidll 93] 52 PEFR 2|7} <]t
ZAasian, PMesoll 2849 Cu, Ni, Sr, Sidll 9a o
=2 PEFR 17} freletAl 7Hastith(Table 2).
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g o -2juket A7 357 ofde] #H7]Ee] A U
o e . PMy, PM.se Hite 77}
27.24, 14.22 wg/mr2 WHOS W7l & 71 inerim
target 2(PMio: 50 wg/m?, PMas: 25 wg/m* )l s s}
o, eivet PMel Azt 71538 2443 71 B @
kom, o A9 7] 31 %E | wlafA] ke,

PMio#} PMgsol 9Jdl th & PEFR #e] #4stes
Ao Uepith, oldle]s e @ o)RAs 7]
Toll T3 7]EY AFMZ v AYE HolFh

Heo] ojdolE ez 3 PEACE studyelA=
PMwO] 1 w/m¢ Z7FIE o 52 PEFRe| 0.6
L/min 9 Zasdt’. exEglole] 2584
Ao g 3dzt AgE F4 HANA PMyel 1 wg/m¥
Z7FIAE W, 9484 FEV1IE 0.02 L/min 3 24
A7l AFRE Btk olw) PMye Hi s&e 17.4
ug/me O]ATHY . ThE A ol|A] o] FoiR Tt AFLE
ME Hg A9E B 5 J9TY. diz1Exle] 9 4%
o PXe gakd #Hal 104 1887129 Hade
dos AlE Ao wad PMdl ¢Js) FEVI1e]
82.1 ml (p=0.08), PMysel <&l FEVI1e] 79.7 ml
(p=0.04) ¥ A=Y #Hrle TS Azt
?l_-D‘I_ZZ)‘

PMio#t PMs 5 F83 ti7] 29 Edolxwt &
AFlA PMiot PMas9 A3498s Blasi 2 PMys
7t s 37 9 Hvles o Bl AT AL

I
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Fig. 2. Lag distribution of PEFR change by increase of PMyo
(A) and PM,s (B)*

*Regression coefficients 8 (dots) and 95% confidence intervals
(bars) from linear mixed effects model for panel data control-
ling for sex, age, height, weight, mean of PEFR, respiratory
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Fig. 3. Level of metal component in particul ate matter (ug/m®)*

symptoms, environmental smoking history, asthma history, sea- *Average of concentrations of metal from PMo, PM,5 samples
son. during 24h at the elementary school roof (2007 spring and fall).
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Table 2. Change in PEFR by selected metal from PM 1o, PM2s samples during the previous 1 day*

PM 10 PMZ.S
Metal *
Beta Cl (lower)  Cl (upper) p-vaue' Beta Cl (lower)  Cl (upper) p-value'
Al (mg/nv) -0.03 -0.05 -0.01 0.0084 -0.01 -0.05 0.03 0.7545
Mn (mg/m°) -0.29 -0.45 -0.12 0.0005 -0.19 -0.37 -0.02 0.0299
Cu (mg/nr) -0.14 -0.25 -0.03 0.0123 -0.34 -0.56 -0.13 0.0020
Zn (mg/nr) -0.11 -0.17 -0.04 0.0008 -0.04 -0.08 0.00 0.0301
Pb (mg/mv) -0.07 -0.17 0.04 0.2025 -0.04 -0.15 0.08 0.5239
Ti (mg/nr) 0.17 0.00 0.34 0.0468 0.23 0.07 0.39 0.0046
Cr (mg/nv) -0.73 -1.40 -0.07 0.0305 -0.65 -1.22 -0.09 0.0237
As (mg/nv) -1.34 -2.48 -0.19 0.0219 -1.23 -2.56 0.09 0.0686
Ni (mg/mv) -5.56 -7.89 -3.22 <0.0001 -2.37 -3.89 -0.86 0.0022
Zr (mg/nr) -6.89 -26.75 12.97 0.4965 14.42 -8.19 37.03 0.2111
Mo (mg /) -2.50 -8.29 3.29 0.3976 -3.08 -8.37 221 0.2539
Cd (mg/nv) -4.46 -8.94 0.02 0.0508 -2.93 -6.50 0.64 0.1077
B (mg/mv) 0.60 0.05 1.16 0.0330 0.77 0.21 1.33 0.0074
Hg (mg/nv) -0.90 -1.76 -0.04 0.0410 -0.96 -1.70 -0.22 0.0111
Mg (mg/m) -0.03 -0.03 -0.02 <0.0001 -0.01 -0.02 0.00 0.0159
Fe (mg/mv) -0.04 -0.06 -0.02 <0.0001 0.00 -0.03 0.03 0.9753
St (mg/nv) -1.67 -2.33 -1.01 <0.0001 -1.21 -1.97 -0.45 0.0017
Ba (mg/nv) -0.18 -041 0.05 0.1314 -0.03 -0.14 0.08 0.6062
S (mg/nv) -0.01 -0.01 0.00 <0.0001 -0.01 -0.01 0.00 0.0006

*Regression coefficients 8 and confidence intervals from linear mixed effects model for panel data controlling for sex, age, height,
weight, mean of PEFR, respiratory symptoms, environmental smoking history, asthma history, season.

'A level of p-value < 0.0025 is considered statistically significant. CI, confidence interval.

*Al, Aluminium; Mn, Manganese; Cu, Copper; Zn, Zinc, Pb, Lead; Ti, Titanium; Cr, Chromium; As, Arsenic; Sr, Strontium; Ba,
Barium; Ni, Nickel; Zr, Zirconium; Mo, Molybdenum; Cd, Cadmium; B, Boron; Hg, Mercury; Fe, Iron; Si, Silicon; Mg, Magnesium.
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