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Abstract

In this study, airborne particle samples were obtained to determine the concentrations of particulate air pollutants
in indoor and outdoor air of public facilities in Taegu area. Total of 12 public facilities, regulated by the Public
Sanitary Law, were selected as sampling sites, which include three underground arcades, one railway and two bus
terminals, three general hospitals, and three department stores. In each place, sampling was carried out seasonally
during the period of October 1994 to July 1995, and four samples per each site per season were collected both
indoors and outdoors simultaneously. After determination of suspended particulate matter (SPM) mass
concentrations, the particle samples were divided into two parts for subsequent chemical analysis: one for the
analysis of trace elements and the other for water soluble ions. Seasonal levels of SPM appeared to be the highest in
spring and the lowest in summer both indoors and outdoors, while locational variations of highest in
station/terminals, and lowest in department stores. SPM concentrations indoors and outdoors did not show any
significant differences each other in most places. However, there were significant correlations between indoor and
outdoor levels of SPM and other chemical species. These results indicates that indoor SPM levels are likely to be
significantly affected by outdoor sources in many places. The most significant source of SPM was estimated to be
the resuspension of soil/road dust both indoors and outdoors. The concentrations of toxic heavy metals (Pb, Cd, Cr,
Cu) in underground arcades appeared to be very much lower than the established air quality guidelines for
underground environments. In addition, it is likely that micro~environmental parameters such as temperature,
humidity, and air velocity. play a less significant role than outdoor air quality as a factor affecting the levels of
particulate pollutants in indoor environments of public facilities in Taegu area.

Key words : Public Facilities, Indoor Air Quality (IAQ), Suspended Particulate Matter (SPM), Trace Elements,
Heavy Metals, Underground Arcades
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Table 1. Seasonal and locational concentrations (in pg/m®) of suspended particulate matter in indoor and

ambient air of public facilities in Taegu area.

Fall Winter

Spring Summer Total

In Out In Out In Out In Out In Out /0

#1184 253 60 48 34 S3 123 174 100+67 1324100 08

Department store #2150 209 75 62 59 65 113 178 9944l 129476 08
#3167 161 51 S6 160 145 127 137 126453 125447 10
Und . #1310 199 128 44 214 174 146 109 200482 132470 15%
Gaotrene #2215 2503145 1S9 167 174 U85 160£51 178£30 09
oppmg center 2 g 199 47 117 136 157 158 (41 166438 154435 1.l
#1200 258102 85 175 138 119 S0 152450 133491 1.1

General Hospital #2184 188 112 8 167 171 149 120 15331 140£49 1
#3194 204 176 135 60 155 118 137 13746l 158+32 09

1189 212 90 136 169 147 129 141 144444 159436 09

Terminal/Staion #2237 242 168 167 221 229 358 375 24680 25388 10
#3232 198 121 100 211 210 151 86 179452 149464 1.2

Total Mean+S.D.

208441 212428 11040 98+4" I47+(ﬂ lﬁl+§1 155%67 I‘i?+8() 155441

153+35 1.0£02

* indicates that indoor and outdoor mean concentrations are dlllugnt at a significance level of .05 by the paired (—test.
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Table 2. Summary statistics for the concentrations (in
the air of publlc facilities in Taegu area.

ng/m?) of chemical components associated with SPM in

lndnm (n 48)

Outdoor (n—48)

Component -

— /0 Ratio  Paired t-test P

Mean+S.DD. Range Mean +S D Range
Pb 267+ 181 19~ 705 %]ﬁ+ 171 66~ 780 0.8%* 0.027
Cd 3827 N.D~ 98 43+£28 3~112 0.9 0.142
Cu 155131 15~777 145+ 145 7~ 654 1.1 0.555
Zn 224133 27~ 647 193+94 7 ~462 1.2 0102
Ni 134+ 179 12~970 168 £272 10~ 1546 0.8 0.360
\% 534110 N.D ~ 709 S6+113 N.D~ 644 0.9 0.888
Al 1940+ 1332 80~ 7820 2044+ 1143 296~ 6136 0.9 0.587
Ca 397643452 19~ 16593 3975+ 3560 113~21240 1.0 0.998
Fe 4613 £5930 188 ~ 29518 50716544 443 ~ 25851 09 0.477
Mn 3294712 7~ 4220 363+791 2~ 3536 0.9 0.614
Na 2221+ 1456 87 ~ 6028 223041323 62 - 4961 1o (1.966
K 891 +546 N.D ~ 2380 846+520 N.D~ 2429 1.1 0.615
Mg 660 469 12~2313 764 £697 114~4775 09 0.317
Cr 2324318 N.D ~ 1554 236-+268 N.D ~ 890 1.0 0.903
Cl 15400 £ 1637 24~ 11500 1616+ 1626 14~ 10937 1.0 0510
NO. 297942021 89 ~ 9151 3917 12457 739~11224 0.8% 0.003
S0, 5511 +3641 N.D~ 17701 6598 + 4564 1176~ 21815 0.8% 0.020
NH,' 591 +425 Nl)«lxv 804 580 N.D~ ’77() 0.7% 0.000
* indicates that indoor and outdoor mean \.lluu are different at a signilicance level of 0.05 by the paired t -test.
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Fig. 3. Seasonal variations of mean concentrations of
heavy metals associated with SPM in indoor
and outdoor air of public facilities in Taegu
area.

HE-2 NH o} Clsbes AMEE s W 3lofile Mo
a1 gleh & o3 E - A Z—i&‘_‘:} Aol A 2~3uf,
Aslol A 2~ A= wErt g dehta de
g, ole} e Ay o F5A- AFA Wrivkaz
AT DANES} FHAG FolH W2 ol
A ol FHS VST B AP W
#E S 7P FHEA] AHE 4 o 1w
v 2lg7al 9= FEelAd Raud dy d3E
T} (Meszaros and Horvath, 1984; Kadowaki, 1976)¢}
= Aoz & AHAFFS el glenz o
gne Aee Welrlt olelsd noh gst o

He gaiae 2714 477 desigs v

3.3 A - 2 YxiM 2HER 59

[ =)
AN BN

duitrio g Ale|Fr|a e AWF7IA Abedst
odgrg njajx= Aoz U o (Baek er al.,



o A AF7] F YAFEHY v 171

Spring (n=12) Summer (n=12)

14 14
|:] Indoor
e 12 4 ¥E Outdoor 12 1
W 10 4 10
g 6 6
=
8 4 4
&
e | ) L
0 + 0 +
cr cr
14 Fall (n=12) 14 Winter (n=12)
o 12 4 12 {
£
@ 10 10 4
g 6
5 1
S 4
5
O 2 | ﬁi
ol Mmm .
cr NO,

SO

Fig.- 4. Seasonal variations of mean concentrations of water soluable anions associated with SPM in indoor
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Table 3. Correlation coefficients among particulate pollutants measured in the indoor air of public facilities in

Taegu area (n=48).
SPM

Ph Cd Cu  Zn
SPM 1.00
Pb 0.47% 1.00
Cd  0.45% 0.60% 1.00
Cu  055% 0.45% 0.37% 1.00
/n 0.44% 0.32% 023 0407 1.00
Ni 0.49% 0.48% 0.32% 0.81% (.26
\Y 0.10 0.1 =005 0.18 O.11
Al 0.66% (0.35% 043% 0.37% 0.21
Ca  0.70% 024 0.13 046% 0.50%
Fe  0.67% 0.55% 0307 0.77% 0.27
Mn  0.52*% (.52% 0.34% 0.86% 0.33%
Na  0.64% 0.53% 0.48% 0.34% 0.47*
K 0.68% 0.37% 0.17 0.42* 0.57*
Mg 0.77% 024 003 0.37% .52+
Cr 051* 046% 027 058 0.15
Clm 049 006 009 0.17 0.10
NO: 0.19 0.12 003 -0.18 -0.02
SO2 007 001 0.23-0.10 032%-
NH.* 044* 022 0.12 023 009

Fsignificant at a level of 0.05

Ni AY Al Ca e Mn Na K Mg Cr Cb NO: SO NH,
1.00

0.29% 1.00

0.29% 0.17 1.00

0.37% 006 0.37% 1.00

0.78% 007 046% 0527 1.00

0.86% 0.08 0.28 0.50% 0.77% 1.00

023 004 039% 0477 0.36% 0.38% 1.00

025 =001 0.34% 0.65% 0.48% 0.39% 0.52% 1.00

0.30% 0.4 046% 0.83% (0.48% 043% 0.52F 0.70% 1.00

071 004 0.36%0.30% 0.83% 0.53% 025 0.32% 022 1.00

0.06 —007 0.35%042% 0467 010 0.14 0375 0475 041% 100

.09 021 0001 012 008 000 010 0.18 022 -006 0.14 100

0.10 -0.20 004 0.30F 008 001 000 035% (1.35% - 0.015 008 (.55% 100
025 000 016 019 0.36% 025 047% 0.37% 1.00

0.25 027 026 0.31%

(.27

Table 4. Correlation coefficients among particulate pollutants measured in the outdoor air of public facilities in

Taegu area (n=48).

Al

SPM Pb Cd Cu Zn Ni V Ca te Mn Na K
SPM  1.00
Pb 0.28 1.00
Cd 0427 0.29% 1.00
Cu  033% 022 0457 1.00
Zn 0.18 020 0.13 008 1.00
Ni 023 008 0.32% 0.54%-0.06 100
\Y 004 -0.08 010 020 002 0.69% 1.00
Al 0.67% 011 0.18 0.25 32% 004 0,10 1.00
Ca  045%-008-002 0.2 031F 002 001 0707 .00
Fe 0.57% 043% 043% 0.73% 010 048%-0.01 0.34%023 1.00
Mn  0.38% 0.31% 040% 085 -0.04  0.62% 007 020 0.15 0847 [ .00
Na  042% 024 0.2 0236% 0.32% 0.13 005 0.52% 0467 0.34% 0.33% 1.00
K 0.37% 0.17 -019 018 020 009 000 057071%0.18 020 0617 1.00
Mg 0.34% 001 006 002  030%-006 -0.03 0.72¥093% 0.14 006 048%0.67%
Cr 0.61*% .26 0.39*% 0.65% 006 035347 007 0475017 0747 0.67% 039028
Cl- 048% 003 -009 006 020 009 -001 043*031% 025 0.4 027 0.52%
NO:. 033 0.32% .13 -008 028 004 001 -001 002 0.07-0.01 011 0.06
SO2 -0.03 008 -0.32%-0.26  0.19 -0.19 0.18-028 001 -0.11-0.13 -0.11 0.04
NH.* 028 0.17 009 0.6 023 017 044-0.19-001 0.13 0.08 022 0.09

Fsigniticant at a level of 0.05
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Cl NO. SOs NHy'

1.00

0.50% 1.00
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Table 5. Correlation coefficients between particulate
poliutants and aerometric parameters in the
indoor and outdoor air of public facilities in
Taegu area.
Indoor (n=48) Outdoor (n=4%)
Pollutant Temper- RH. A1| Temper- R H Wind
ature Current  ature Speed
SPM =030%  -0.35% 027 -0.18 -041* -0.21
Pb 009  -0.22 0.03 024 -008  -0.33*
Cd =013 -0501*% -005 -021 -0.37% -0.25
Cu -0.36%  -0.39*%  0.29% -026 -043* -0.13
Zn -0.17 0.05 0.14 001 -009  -0.16
Ni -0.28  -0.33*  0.34% 023 0206 -0.19
\Y -0.62% -0.27 0.39% -0.33* -0.14 0.06
Al -031%  -036%  0.13  -048% -0.35% 009
Ca ~0.18  -0.01 0.36% -006 007 -005
Fe -0.26  -0.33% 023 003 -042% -0.19
Mn -0.16  -0.20 0.39% 001 -037% -023
Na -0.18  -0.26 0.17  -007 -0.39% -0.19
K -008  ~0.06 0.28 004 015 -0.08
Mg -0.18 0.01 0474 001 -007  -0.04
Cr -0.26 -039% -002 -024 -054% -0.19
Cl -0.16 002 -003 000 -0.5 0.07
NOv 0.23 0.39%  -0.11 0.38%  0.10  —0.54%
SO, 0.31%  0.60% 001 0.65%  043*%  -(0.35%
NH., -0.16 006 001 -0.10 -026 -0.39*
* significant at a level of 0.05
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