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Abstract

This study evaluated the indoor air quality of 26 government offices located in Seoul. The pollutant samples
were taken from Jan. 13th to Jan. 29th and Feb. 20th to Feb. 23rd, 2010 in the offices. The target indoor pollutants
for this study were PM,,, formaldehyde, carbon monoxide, carbon dioxide, total bacteria counts, total volatile
organic compounds, radon, nitrogen dioxide, ozone, and asbestos which were controlled by the indoor air quality
law for the multiple-use facilities management. The results of this study showed that some pollutants of the 38.5%
offices exceeded the standards of the air quality guideline. The correlation analysis of the same pollutants between
indoor and outdoor represented that NO, (r=0.629, p< 0.05) and O; (r=0.459, p< 0.01) were significant, however,
PM, and CO were not. The correlation analysis between different pollutants showed that CO and TVOC (total
volatile organic compounds: r=0.724; p< 0.01), CO and NO, (r=0.674; p< 0.01), HCHO and humidity (r=0.605;
p<0.01), CO, and TVOC (r=0.534; p<0.01), TBC (total bacteria counts) and Asbestos (r=0.520; p< 0.01) were
significant. The energy-saving system of government buildings in winter caused under-ventilated and poor air
quality. This study suggests that the concentrations of radon and CO, should be used as an indicator for monitoring
indoor air quality and maintaining effective ventilations.
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Fig. 1. Locations of public buildings in Seoul.

Table 1. Experimental methods and analyzers used.
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Pollutants Experimental method Unit Analyzer

PMy, Air sampling method ug/m® MINIVOL-TAS, Airmetrics Co., USA
HCHO HPLC pg/m3 HPLC, Finnigans urveyor, Thermo, USA
cO NDIR ppm EC9830 series CO, Ecotech, AU

CO, NDIR ppm EC9820 series CO,, Ecotech, AU

TBC' MFC CFU/m® Colony count, MAS-100 eco, Switzerland
TVOC TD-GC/MS pg/m? GCMS-QP2010, SHIMAZU, JP

Radon Continuous monitoring Bg/m® RAD-7, Durrige Co., USA

NO, Chemiluminescence method ppm EC9841 series NO,, Ecotech, AU

O, UV photometric method ppm EC9810 series O;, Ecotech, AU
Asbestos PCM, TEM fiber/cc BX-51, Olympus Co,, USA

Tecnai G2 Spirit, 120 Kev, FEI Co., USA

Ttotal bacteria counts
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Table 2. Characteristics of the studied public service cen-

ters.
Visitors/d . Ventilation Remodelin
Center (ave) Construction mode (partial) 9

A 3,400 1975 Natural

B 650 1979 Mechanical

C 500 1974 Natural 2009
D 833 1977 Natural 2009
E 230 2007 Natural

F 2,000 1991 Natural 2003
G 300 1981 Natural

H 400 2008 Mechanical

| 500 1988 Natural

J 140 2003 Mechanical

K 1,500 2000 Mechanical

L 350 1980 Natural 2004
M 1,000 2008 Mechanical

N 350 1977 Natural 2005
(0] 3,500 1991 Mechanica 2006
P 450 2004 Mechanical

Q 550 2008 Mechanical

R 3,400 1989 Natural 2008
S 2,500 1982 Mechanical

T 856 1992 Mechanical 2006
U 1,000 1976 Natural

\% 740 1978 Natural
W 1,000 1981 Mechanical 2008
X 1,500 1979 Natural 2002
Y 450 1979 Natural 2009
z 500 1979 Natural
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Table 3. Distribution of concentrations of indoor air pollutants in public service centers.

Concentration (N=26)

Pollutants Standard Unit Exceed (%)
Mean S.D. Max. Median Min.
PM o 150 ug/m? 478 306 181.1 433 19.2 338
HCHO 100 ug/m® 14.7 4.9 245 13.9 4.3 -
CO 10 ppm 0.78 0.68 2.55 0.63 0.10 -
CO, 1000 ppm 850.0 155.2 1195.8 789.7 624.0 26.9
TBCT 800 CFU/m® 86.8 47.8 2284 69.7 20.0 -
TVOC 500 ug/m® 324.5 149.3 747.7 2755 178.7 154
Radon 148 Bg/m® 16.5 10.2 44.4 14.8 37 -
NO, 0.05 ppm 0.036 0.009 0.056 0.033 0.021 7.7
O3 0.06 ppm 0.006 0.003 0.010 0.007 0.001 -
Asbestos 0.01 fiber/cc 0.005 0.002 0.008 0.005 0.002 -

Ttotal bacteria counts
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Fig. 2. Characteristics of indoor air pollutants sampled from the public service centers.
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Fig. 3. Hourly variations of radon concentrations in public service centers.
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Fig. 4. Time series analysis of radon concentration from weekends to weekdays.
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Fig. 5. Time series analysis of CO, concentration from weekends to weekdays.
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Table 4. Comparison between indoor and outdoor pollu-
tants in public service centers.

Concentration

Pollutants Public service Public service

center A center O Unit

Indoor Outdoor Indoor Outdoor

CO, 1000 560 750 540 ppm
TvVOC 300 75 230 78 ug/m®
Radon 18 5.7 15 5.6 Bg/m®
TBC 150 17 65 27 CFU/m®
HCHO 118 6.1 75 6.5 ug/m®
Asbestos  0.007 0.003 0.005 0.003 fiber/cc
PM 4 80 93 27 40 ug/m®
CcO 11 13 0.3 0.5 ppm
NO, 0.05 0.07 0.03 0.04 ppm
0O, 0.005 0.007 0.003 0.009 ppm

Table 5. Correlation between indoor and outdoor air pol-

lutants.
Indoor
Variables

PM o CcO NO, (0

PM;,  0.110 - - -

CcO — 0.656 - —

QOutdoor NO, _ _ 0.629* _
O, - - - 0.459**

*: p<0.05, **: p<0.01
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Table 6. Correlation of each pollutant in the public service centers.
PM,;, HCHO CcO Co, TAB TVOC NO, O; Asbestos Radon Tem. Hum.

PM o (ug/im?) 1.000

HCHO(ug/m®  —.058 1.000

CO (ppm) -.145 210  1.000

CO, (ppm) 118 .356 A437% 1.000

TAB (CFU/M®) 146 106 .027 185 1.000

TVOC (ug/m®)  —.107 241 T24%*%  B534** — 224 1.000

NO, (ppm) 108 .189 6744 361 170 458*  1.000

0; (ppm) 210 492 -.143 .066 230 -.010 .004 1.000

Asbedtos(fiber/cc) —.131 160  —.112 332 520** —.032 065 .191 1.000

Radon(Bg/m®)  —.108 —.021 063 —.055 —.266 263 -.132 125 —005 1.000
Tem. (°C) 227 2718 -.183 249  —.058 205 -.095 290 .043 -—.313 1.000
Hum. (%) 248  605**  469% 422 .188 438 473 374 078 174 013 1.000

N: 26, *: p<0.05, **: p< 0.01

£ r=0.492 (p<0.05), o] A 49} S5 r=0473 gk, o|Abs}ElA, 2R GAF, 3 %A«]%ﬂ;}a‘j—%’
p<0.05), dAtsletasl 45 0469 (p<0.05), 3 =, o)add 4, o= Ade
WA R 3 °]/‘&i}7:=lil;— r=0.458 (p<0.05), EAAF ez} g A2 Jd& 45 %%U}

~~

o gzt g5 01*&§PE&J_% TN AL %

oAz EEO A L] mE 7l BHx3=
AR Bk éﬂH & T3kl 2xs} A 97 GEE 47 AL, o] AbskR A= 27)
WARs 2= R A9 Z32|Es) A Ha ; ; .
AAE ARl D AAbelM fA71EE 23
HEdX AtdHes st glo] <l9H 29E L :
g Aoz FMHN o] T 4 Akl 270
A<l o] Akshehael] w]s)A] 1:1 L WA R A .
g ol FEF ] 2743 Aoz vepH.

(2 FEFEE B 94T A5 AdBE £
& 9 4 qglon metd e %

ESEE Seto s A B9 AxE 34

(3) R1AA o]Aats}

20 F oS Yol 93
2 lo'__—‘;l“f UH‘?‘ ‘;]{% ]?l' }Q_LHOH}‘] X]'O:‘Zq_i /KE g ] T U'dx__ 1’Hﬂo7—|°ﬂ ]—6]'
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6) 27 Fo o9E4
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o]A] ekaket.

(6) M1 23EA 7he] A A, dAksteka
o} F3 A f7]138HE r=0.724; p<0.01, LAk}
eha9) o]AkaElAl A r=0.674; p< 0.01, Zdd|5}o]
=9} %= r=0.605; p<0.01, o]Al3}etis)} =3
WA 7134E r=0.534; p<0.01, FHFA >
M r=0.520; p<0.01o2 vehtr f-2ow]gt
Aoz FAEASG

()& A7 242 ALH dAle] 288 ¢

A A gt
A F71A AR 9L &g WNF e B
3714 ] wige] AEE Ak S 9len o

Zatel 2

o) wEe DA Aol o] 1ol o4 )7
A4 (E211-40002-0003-0)¢] T2 ¥-8 0|83+ x|5}3k
A dEgey 8 ggHeAzg AL, a7 A
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