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A Study on the Indoor Air Pollution in the Classrooms of Flementary Schools in Korea
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Abstract

This study was performed to investigate airborne volatile organic compounds(VOCs), formaldehyde,
respiratory particulate for concentration in primary schools. The concentrations of major indoor air
pollutants(VOCs ; benzene, toluene, ethylbenzene, xylene, styrene, formaldehyde, PM-10) were observed
from November to December 2006. Sampling was undertaken at 81 primary schools. The sampling sites of
air pollutants are classroom and hallway. VOCs with distribution of most of general environmental
contamination material will be able to confirm that it shows the log-normal distribution which is similar
exposure distribution. The exposure quality of VOCs and the place pollution level was indoor>
hallway>outdoor, which whole is located in the metropolis and the industrial areas is higher than farm village
area. It tried to observe the 1/0 ratio, it appeared highly from the interior of the material of most. The mean
concentrations of formaldehyde, respiratory particulate were 22.07ug/m’, 88.06pg/m’ respectively. Indoor and
outdoor ratios(I/O) of formaldehyde and respiratory particulate were 3.6 and 1.4, respectively. The
concentration of respiratory particulate is 27.2% higher than guideline for school hygiene(100ug/m’). From
the comparison in the construction vyear, the highest concentration of formaldehyde is showed under one
year. However, as time passed by the concentrations of formaldehyde become lower.

Keywords . Primary school, VOCs, Formaldehyde, PM-10, Allergen

* Corresponding author. Tel : +82-2-2228-1869, E-mail : dshin5@yuhs.ac



4 el E U5 ok ol Welk
being)®] PO ANOGOZRE W= A}
N357, AMEEFE ol A #49) oy
o] Hgick. ols} A7 ofRlolSe] AR

FHS puls 258 60~70me] 94 W
2 Ul o 400199 S450] B BRI
1A Sl oedole 4 olvk

Auk A1) njal| ojglo] 52 Aol tht A&

=z
JNE,
SO A 371299, 5 ol 3l 2F- w71
HUE g2 9do] Azkalr)o) o] wAle
A ow FQaek Qxtoln Ajgr1d 7t
23] F Q5K Bayer et al,, 2000). ©]$} A
o] WERIARARE= 2006\ 12 S 57]4
gk St RS Algsto], 200692 712
Z 39 oy A%, 7H% ZZ3 s M ®
F713FHE(TV0C)S < 1
48w E sl %Wiﬂd‘ﬂ 2006). 314
% 1:1 ]_

-

=

=

VOC2) 71%& 400ug/m_i
27}e] vOCs e A7) &

Fe T AW RS =
713F8H=(Volatile Organic Compo-
unds : VOCs), Xa5¢ds|t, Y, 5% 59
theet shetado] AL SITHL, 2007). 31

aRA A A5 Al

oo 50 e AL
&, ARIES Yobiis AP B3, AT
]_

715 olo] 1% FE7h A AaAEA o)
27, w123 Abge] o] 24 Hrt o] 9]¢
= %, 557] A0 A2 Fe] UERp]E

SHH(Daisey et al., 2003). VOCs & HlAll(Benzene)
o] A% A & FEARichard et al, 1983;
NAS, 1993)% &Rl=|glom], B34, Adale
A% %5234 (Schroeder et al., 1987; WHO, 2002))
T A Qlok Egh AstEel ARehs 15
e HgellEdR FAH, EEYUEE
(Formaldehyde) 52| thofet fralisiel=de W&
st AYl 3718E oSl Alow deA

th o2t felidtetades 8 WIS, A
7, o AeY AEH T A AHS s
= 0% dHA glow, FYdiEI=e A
HEsAdo] AN 715 SF7IAIE Hetolut Al
d, 9% 5= A=53hRosen and Richardson,

1999; Roost et al., 2004). A &, AHAH=
7], ofebsE, v 2 A Ao B M
ol SHge] oJBof Fawo] StuE FAA FH
Aol A Y27 A3E & FEATE ZoR &
27 glom, ANAZKEY, v de=as 3
TR o} O] HAME HE T
HAZ ¥ H(Ingram et al,, 1995).

ghe] Aujgiield BEre efdede 1
TH7F g heksith whEbA, 2 Atelx=
.

o
Soug WNS toR AT

-

=



(VOCs), X583 =(Formaldehyde), |A%1A]
(PM-10) 2 1A ) L =7lef dhet WA o &
TE Akt Al 2Estul] 3 A

kg S=1al7] 913 712AE Agel 1 2ol

N
re
-
=
)

TEZF H2 100780V, 370 3 ol

3
EF, 3) [AEAMFLREALTE- & A2
Hl&S 17, 4) 5 F ORS F 249 42

g
2 Wil BFRA AT, 5) AT 72 F

&
-
i)
B~
2
ok
o
o
2
AN
[o8)
=
1ok
afi
o
o
r O
oK

[HEAFAEA 5 A% 24 vl
e, 4) 124 5 o 229 AEdE H
7Feto] EFAl ANEY, 5) AT T wu

A S Ho% 1070 o) £, 6) St A
ATE s, [P A% AFsha] [2-54),
[6-10%d], [11-208], [210d o] &9 WS 1
stk

22 £ 3 Ay
2] ul j‘ij]gp_ 7L7LQ i_‘_:_é‘]-ﬂoﬂ}ﬂ z,: =
21

]
AolM wpehE o 2 FE] 12~1.5m olof Al A

| Elementary School ; 6279 ]

agl

Random Sampling
by criterions

Metropolis Smalll cities Farm village
; 190 School ; 165 School ; 93 School
About 20%
Random Sampling
by criterions
Metropolis Smalll cities Farm village |Industrial Areas
; 27 School ; 21 School ; 17 School ; 16 School

Fig. 1. Investigation objective selecting.

Journal of Korean Society for Indoor Environment Vol. 5, No.l



REEE
= VOCs A4Z2](Sampler) Z‘.-SO(SIBATA, Japan) S
ARSIl o AE|Q YA AE(Stainless steel) Al
2] Tenex S2+2H(1/47x20Cm, Supelco, USA) S =
AL, AED FI ARES 0.2 £ /min®]
RO 0% FH RS ARSI AEE 2
A A7 10T B Bas - 2~3 Y]
FARAL olg3e] |2 AT F D]
GC/MSD(Gas Chromatograph/Mass Selective Dete-
ctor) & HH{;].oﬂr)r ZAAER o] A A kS
A8 EEEd B4E AR EHddM
R'=098 olde] A S et ZEdds|=
(Formaldehyde)®] 78-¢-% #|H-8 H-8-A1E2(Sam-
pler) S100H(SIBATA, Japan)S ARE-317 350mg 2]
DNPH-silica(1.0mg DNPH)E Z713F 1.0cm(id.)x
2.0cm(o.d.)x4.3cm(total length)®] cartridge$! DNPH-
silica cartridge(Supelco, USA)ell 2E2] 7H1S A
Ask7] $I8t 0.46em(1D.)x10cme] copper tubecl]
KI(Potassium iodide) A7ds Al 0 AT
7FE 2] X](scrubber cartridge)E DNPH-silica cartridge
stoll AAetol AgE AFEt HEol 8414
g7l ARl 3. AR
< UE SETES U AR Adefsialon,
0.5 0/min®] O 303 F2t AFEHCE w4
2 HPLC(High Performance Liquid Chromatography,
alliance separation module 2690/dual A absorbance
detector) 2487 KEL3 o839ty A7} HPLC
Aol Qg ok i RS Frkely] Sla Al

AR 93 wEeR Adge Hrksilch
VOCs 3 8| =570] 4] e e 54

S ugE s A AlsE Al

=z 11 [e) )=} =] ==
WO BFEAE N BAGIGla, B, 2

HAL 717172 3HA|(IDL : Instrument Detection Limit)
= Frlelltt. 717 1AEgAolshe E3EIND ¢
Not Detect) *2]3}31 T} VOCs 2 OLH] 3| =79 54
& APAT 53] W ST S A4 AkESt
AL 85~110% WIS ot Seds e
Wik

Al 2R HHAKET] FollA Dermato-
phagoides farinae®] & (Group) 1 5+ L&]=7191
Der f 1, Blattella germanica®] “155{(Group) 1 5+ &
g 27191 Bla g 1, 712 Z5(Group) 1 TLH =7

9l Can f 1, VA9 Aspergillus®] 5= <27

Al Asp f 15 AAaGic AlR2 A= HA A
Lo S5 AR AFHATE AHSINL
), 23%47] Erie] ZE|(Whatman, 125mm)E
AAsto] WAE ZAsISItE WA 24E 2
= k20 HA 4EE 37 Hyksl] AgAE
Rl oA Baeglth FUEEAS B
A njo] @B F52 % AKIndoor  biotechnologies,
Manchester, UK)2] 2-site ELISA kitE ©]4-3] =
Aatsint. WA Aet 2 WA FAE ot
A7 borate buffers Fo] 184X} &< A=l
A dEEAE FESSI ol AR A
Sonke Kot A HAE ARkl A2
A AA UV 405 e FHEE A ER|
E|(Spectrophometer, VERSAMAX, molecular De-
vices) = S8

S 12.0(Statistical
package for the social science) 574] 3|71 (pack-
age)s ARSI, AFAZ g2 (Kruskall-



Wallis) 415 AHg-slo] SA14 frelds Bt

3.1 WA L AlLE7 IR "7}
Table 1> LA=AE] WAl A 9 =
AWAF7] 59 s Eg n| Wit 3
37 ]ﬂ%L%Q(VOCS)J —r%q‘ A0
71EA7} §lol 3
ﬁ” thsol8A1d 7122 %ﬂ 12 AAs
& YERITE 37

% e FER7E 2602 7P A Ve

T L0S Eolom, S wAE vseldA
”S 9 PR U] @A Vs TR 29k
< Hjwsl] 2 AL (Xylene), HAl(Benzene), &
Fl(Toluene)®] 73-% 22} 21.1%, 17.1%, 2.6%7}
Z8l5it ol Al(Ethylbenzene) ¥ A~E]&(Styr-
ene) 0] 7= ZHSHA| ookt E5 US| =(For-
maldehyde)= 715541 100ugm< 3k 495
71€) glglom, ] FEH= 3.60% Ve
ok HARA(PM-10) 9] ¢ AWE719] st
7k Z 1 A Hebk o, Auiel SRl 14
z 4 X]—O]f‘— EO]X]'L— o}olx]u]. oﬂ)\] 7]%;2]91
100pg/m'& 27.2% 280 B Aelr A
el o4 dggle] Exlshs AR YERTE

Table 1. Comparison of indoor concentration with outdoor concentration for air pollutants.

unit © pug/m'
Indoor Outdoor 10 Excess
Compound Mean + SD Mean + SD ratio ate Guideline
(min~Max) (min~Max)
Benzene 14.03419.38 11.59+15.58 b 130
(1=76) (N.D~96.64) (ND~68.28) : :
Toluene 81.17£110.61 52.99+66.99 )
(1=76) (ND~81647) (ND~261.53) 13 26 260
Ethylbenzene 28.33£38.51 19.27£30.14 )
(n=76) (ND~158.58) (ND~116.79) 400 1,000
Xylene 50.15+70.74 30.94+50.39 )
(1=76) (ND~268.74) (ND~19194) 16 20l 100
Styrene 9.95425.14 3.86£9.80 )
(1=76) (ND~150.38) (N.D~61.40) 26000 260
Formaldehyde 22.07£15.62 10.5247.11 36 12 2100
(n=81) (1.12~107.14) (ND~3721) : :
PMy 88.06+54.47 8432453 6 )
(n=81) (9.70~358.33) (ND~280.15) t4 22 100

1) IAQ guideline of multiplex use facility,
2) IAQ guideline of Ministry of Education & Human Resources Development

N.D : Not Detect
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Table 2. Concentration of indoor air pollutants at each area

unit : pg/m'
) Indoor Hallway
Compound Location
N Mean £ SD  p-value N Mean £ SD  p-value
Metropolis 27 20.93+19.89 26 20.22+17.03
Small cities 20 15.05+25.49 w20 15.07£21.32 o
B 001 :
chizene Fam vilage 16 544£1040 00 17 sogseos O
Industrial Areas 13 8.69+9.32 13 4.81+4.40
Metropolis 27 94.22+72.47 26 103.69+£72.37
Small cities 20 66.89+71.94 w20 65.60+68.29 .
Tol . .
ouene Farm village 16 412965746 0 17 483166708 0
Industrial Areas 13 125.14+218.70 13 65.90+142.65
Metropolis 27 46.15+41.36 26 40.09+36.70
Small cities 20 27.70+44.05 w20 23.71x3437 o
Ethyl . .
hylbenzene i vilage 16 738:1682 O 17 gagne
Industrial Areas 13 18.07+26.83 13 13.79+23.62
Metropolis 28 80.80+£77.31 28 69.11£68.25
Small cities 23 43.57£67.59 w21 38.47+53.53
Xyl . 1
yiene Farm vilage 17 153153175 0 17 19483000 30
Industrial Areas 13 40.31£77.64 13 43.28+104.35
Metropolis 27 13.93+21.33 26 10.58+17.93
Small cities 20 15.79+41.08 « 20 6.72+17.33 .
04 04
Styrene Farm village 16 1312250 W e M8
Industrial Areas 13 3.3446.65 13 0.81+1.34
Metropolis 27 21.42+14.21 27 10.19+5.58
Small cities 21 27.07£20.11 21 10.40+4.37
HCH 012 12
CHO Farm village 17 23.32+14.31 0 17 12.70+11.28 0
Industrial Areas 16 15.28+10.31 16 8.93+6.79
Metropolis 27 87.31£60.56 27 85.83+49.44
Small cities 21 93.39+73.89 21 94.11£56.82
PM 1 11
o Farm village 17 784842845 T sasen
Industrial Areas 16 85.93+£32.60 16 110.90485.45

*p<0.05, **:p<0.01
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Table 3. Concentrations of indoor air pollutions by construction year.
unit : pg/m'
Construction Indoor Hallway
Compound
year N Mean £ SD  p-value N Mean + S.D p-value
new 4 13.48+15.88 5 12.49+14.24
1~10 yr 14 11.03+17.62 15 9.08+13.17
Benzene 11~20 yr 14 24.50+30.68 548 14 17.334£23.65 561
21~40 yr 19 15.44£19.18 17 14.48+18.59
40 yr over 25 8.85£9.43 25 11.66+11.93
new 4 69.90+£92.43 5 81.05+75.27
1~10 yr 14 59.97455.15 15 57.29+68.44
Toluene 11~20 yr 14 99.54191.11 975 14 76.08+64.42 153
21~40 yr 19 71.76+68.97 17 59.59+75.16
40 yr over 25 91.724£163.67 25 93.73+115.79
new 4 25.39+45.60 5 27.82438.15
1~10 yr 14 21.44430.45 15 18.28+24.40
Ethylbenzene 11~20 yr 14 43.22+54.17 421 14 27.95+38.71 154
21~40 yr 19 36.09+42.15 17 31.73£37.82
40 yr over 25 18.42425.32 25 20.68+28.70
new 5 47.54+£98.36 5 60.32497.78
1~10 yr 15 33.60+46.10 15 35.53444.23
Xylene 11~20 yr 14 75.10£93.31 384 14 45.88+61.48 973
21~40 yr 20 60.78+73.82 20 47.02+64.49
40 yr over 25 38.12460.00 25 48.79+£81.56
new 4 25.53+50.63 5 18.77£38.62
1~10 yr 14 6.48+12.18 15 6.44+13.79
Styrene 11~20 yr 14 23.37+47.89 014 14 10.02+20.30 015"
21~40 yr 19 8.65+11.41 17 6.22£10.00
40 yr over 25 2.88+5.29 25 1.91+3.66
new n7 25.09£14.17 7 11.89+4.81
1~10 yr 16 27.83£9.67 16 12.32468.9
HCHO 11~20 yr 14 26.14+27.20 005" 14 10.33£5.60 017
21~40 yr 20 23.13+12.89 20 11.67£6.86
40 yr over 24 14.09+8.74 24 8.08+8.49
new 7 81.70+22.44 7 45.52+14.15
1~10 yr 16 94.99+75.57 16 83.62+54.20
PMio 11~20 yr 14 100.22+48.77 048 14 117.51445.53 022"
21~40 yr 20 98.22+62.90 20 89.65+57.00
40 yr over 24 69.73+35.70 24 61.10+£50.45

*p<0.05, **:p<0.01
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Table 4. Concentrations of indoor air pollutants by repair works(<2 yr).

unit : pg/m'
c i Repair works Indoor Hallway
ompout (<2yr) N Mean = S.D p-value N Mean + S.D p-value
Yes 40 18.68423.94 40 17.37£19.82 *
Benzene No 36 886:10.66 M5 56 730108 047
Yes 40 81.09+£74.73 40 77.77£70.52
Toluene No 36 8127:14140 Y 36 71sawzgy )
Yes 40 36.44+45.19 40 29.70+35.58
Ethylbenzene No 36 1931275 S8 6 18702762 2%
Yes 41 63.86+74.66 41 53.59+60.03
Xylene No B 353626396 I8 5 3rggiage 4
Yes 40 13.23£30.28 40 7.17£13.79
Styrene No 3% 6311751 A8 3 549:1681 398
Yes 40 23.65£17.88 40 11.28+8.07
R No 40 20531308 B 978:604 360
Yes 41  1512.16+£1132.33 41 588.04+139.76
PMy No 40 129403278030 87 40 Sioosiion
*:p<0.05, **:p<0.01
Table 5. Correlations matrix among measured indoor air pollutants.
Benzene Toluene Ethylbenzene Xylene Styrene
Benzene 1.009*
Toluene .418** 1.009*
Ethylbenzene 877 402 1.000
Xylene .799** .382** .932** 1.002
Styrene 709 282 032 482 1.000
*:p<0.05, **:p<0.01
Table 6. Detection of dust mite allergen.
Detection Threshold value* .
rate(%) over-rate(%) Mean £ 5.0 Unit
Classroom 17(100) 1(5.9) 0.40 £ 0.67
Der £1 1o firmary 17(100) 2(118) 109 + 102 f1glg dust
Classroom 3(17.6) - 0.12 £ 0.002
Blagl yfrmary 3(17.6) i 005 = 00002 U dust
Classroom 17(100) - 044 + 043
Can £l ormary 17(100) 159) 0.95 + 0.69 1glg dust
Classroom
Asp f 1 Infirmary wgg dust

* Der f 1; 2 uglg dust, Bla g 1; 8 1U/g dust, Can f 1; 2 uglg dust
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