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Abstract

In this study, comprehensive air quality monitoring was undertaken with a variety of objectives to collect data on
the levels of various indoor and ambient air quality parameters in the urban areas of Seoul and Taegu. The sampling
sites were comprised of six offices, six residences and six restaurants in each city. The ambient air adjacent to the
indoor sites was also simultaneously sampled for the same constituents. The sampling was conducted in two
phases: summer of 1994 and winter of 1994/95. A range of air quality parameters were measured simultaneously,
which include RSP. CO, CO;, NO», a range of VOC, airborne microbials, temperature, and relative humidity. The
indoor and ambient levels of the pollutants measured in this study varied widely between the three types of
environments studied. Comparison of median values for the three groups revealed that restaurants had higher
indoor levels of most pollutants than homes or offices. There was also a clear pattern of the indoor levels of target
pollutants being higher than those outdoors, particularly in restaurants. Concentrations of CO and most of the VOC
were found to be significantly higher in the commercial districts, indicating the influence of vehicle exhaust
emissions. A very wide range of VOC levels was documented in this study. Although median indoor/outdoor ratios
indicated a generally increasing level of VOC indoors when compared to those outdoors, no statistically significant
differences were found between indoor and outdoor VOC levels in homes and offices, implying the importance of
ambient air quality in determining the quality of indoor air for homes and offices in urban areas. In addition, there
was a general pattern of increasing concentrations from summer to winter, and similarly from outdoor to indoor air
for nearly all target compounds. The seasonal differences in median levels were very clearly seen for fuel
combustion related pollutants such as RSP, CO and VOC, this being attributed to the effects of increased fuel

consumption during the cold season and to meteorological factors.
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Table 1. Identification of sampling sites selected in this study.
Home | Semi-Western Ground 99 LPG Central (K)  Natural ~ Seoul (R)  Yes No Yes
2 Semi-Western st 83 LPG Central (K)  Natural ~ Scoul (R) No No No
3 Semi-Western  Ground 33 L.PG Central (B)  Natural — Seoul (R)  Yes No No
4 Korean Ground 43 1.PG Central (B)  Natural — Scoul (R) No No Yes
5 Korean Ground 43 LPG Central (B)  Natural ~ Seoul (C) No No Yes
6 Semi-Western st 106 LPG Central (L)~ Natural  Scoul (R) No No Yes
7 Korean Ground 100 LPG Central (K)  Natural  Tacgu (R)  No No No
8 Korean Ground 150 LPG Central (B Natural ~ Taegu (R)  No No Yes
9  Semi-Western  Ground 130 LPG Central (K)  Natural — Taegu (R)  Yes No No
10 Semi-Western - Ground 100 LPG Central (L) Natural — Tacgu(R)  No No No
Il Apartment Ist 90 LLPG Central (Ky  Natural — Taegu (R)  No No Yes
12 Apartment 7nd 109 Tuwn Gds Central (L.} Natural ~ Tacgu (R)  No No Yes
Office 1 Public Glound 46 None Central (K)  Mixed Scoul (C) No Yes Yes
2 Private 2nd 40 None Local (K) Natural  Scoul (C)  Yes Yes No
3 Private 1st 61 None Local (K) Natural ~ Scoul (C)  Yes Yes Yes
4 Private 4th 61 None Central (L) Mixed Seoul (C) No Yes Yes
5 Private Ist 30 None Central (L) Mixed Scoul (C) No Yes Yes
6 Private 2nd 50 None Central (1) Mixed Seoul (C)y  Yes Yes Yes
7 Bank Ground 380 None Central (L) Mixed Taegu(C)  No Yes No
8 High School Ist 140 None Local (K) Mixed Taegu (R)  Yes No No
9 Public Ground 190 None Central (L) Mixed Tacgu (C)  No Yes No
10 Public Ground 490 None Central (L)  Mixed Taegu(R)  No Yes Yes
11 Private 3rd 270 None Local (K) Mixed Taegu (R)  Yes No Yes
12 Public 2nd 250 None Central (L) Mixed Taegu (R)  No Yes Yes
Restau- 1 Korean Ground 165 LPG, Charcoal  Local (K} Mixed Seoul (C)  Yes Yes Yes
rant 2 Korean Ist 215 LPG, Charcoal  Local (K} Mixed Seoul (C)  Yes Yes Yes
3  Korean Ground 99 LPG, Charcoal  Local (K) Mixed Scoul (R)  Yes Yes Yes
4  Korean Ground 83 LPG Local (K} Natural ~ Seoul (C) Yes Yes Yes
5 Korean Ground 99 LLPG, Charcoal  Local (K) Mixed Seoul (C)  Yes Yes Yes
6  Korean Ground 30 LPG Local (K) Natural  Seoul (C)  Yes Yes Yes
7 Korean Ground 90 LLPG. Charcoal  Local (K) Mixed Taegu (C)  Yes Yes Yes
8 Chinese Ground 490 LPG Local (K) Mixed Taegu (C)  Yes Yes Yes
9  Woestern Ground 190 LLNG Local (K) Mixed Taegu (R)  Yes Yes Yes
10 Japanese Ground 150 1.PG Local (K) Mixed Taegu (C)  Yes Yes Yes
{1 Korean Ground 160 LPG Local (K) Mixed Tacgu (C)  Yes Yes Yes
12 Korean ‘Ground 210 LPG, Charcoal  Local (K) Mixed Taegu (R)  Yes Yes Yes

a) tuel type: K — kerosene: B — briguet: L - light oil: by Arca: R
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Wil o] 71 & 3}c} (Daisey et al., 1994; Chan et al.,
1991: Hornung & Reed, 1990).
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Table 2. Lower detection limits and repeatabilities of
the analytical methods involved in this

study.

Air guality Limit of Ngg}gg E];)(%;td Repeata-

parameter Detection (1LOD) (% of Total) bility*
RSP 25 ug/m? 14 (4.9%) 0.1%
CcO 0.1 ppm 0(0%) 2.5%
CO» I ppm 0 (0%) 3.5%
NO; 4ppb 0(0%) 18.5%
Benzene 0.2 pug/m? L1 (3.8%) 2.5%
Tolucne 0.2pg/m? 2(0.7%) 4.5%
Ethylbenzene 0.2 ug/m?d 1(0.3%) 5.0%
m+p - Xylenes 0.5 ug/m? 0(0%) 4.3%
Styrene 0.3 pg/m? 0(0%) 4.2%
o- Xylene 0.3 pg/m? 0(0%) 4.3%
Bromobenzene 03pg/m* 288 (100%) 5.5%

6( 2.2%) 3.9%
1( 0.3%) 4.3%

1, 3, 5- Trimethylbenzene 0.2 ug/m’
2, 4-Trimethylbenzene 0.2 ug/m?

p-Isopropyltoluene 0.5 ug/m? 41 (14.2%) 154%
n-Butylbenzene 0.6ug/m* 288 (100%) 18.5%
1. 2, 4-Trichlorobenzene 1.2 pug/m? 124 (43.1%) 22.1%

Naphthalene 1.Opg/m? 0(0%) 15.6%
l 2, 3-Trichlorobenzene 1.2 pug/m? 30 (10.4%)  252%

* Repcat lhllll\ was expressed as a relative standard deviation of ten
side - by - side analyses of a standard sample.
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Table 3. Results of the performance test for four sets of sampling equipments used in this study.

Mean concentration in pg/m* (RSD*)

Air quality Mean

parameter Run 1 Run 2 Run 3 Rund RSD
RSP 108 (15.4%) 179 (10.1%) 146 ( 8.9%) 149 ( 8.8%) 10.8%
CO (ppm) 0.4 (14.3%) 0.9 (4.6%) 0.4 (12.5%) 1.4 ( 6.5%) 9.5%
CO» (ppm) 453 (4.4%) 519 (3.5%) 548 ( 3.6%) 547 ( 4.2%) 3.9%
Benzene 5.7(3.7%) 4.9(11.2%) 4.7 (5.5%) 3.3(2.4%) 5.7%
Toluene 83.3 (15.2%) 24.4 ( 7.7%) 15.3(3.3%) 304.9 ( 0.8%) 6.8%
Ethylbenzene 4.7(8.5%) 3.1 (3.5%) 2.1 (3.8%) 457 (2.5%) 4.6%
m+p-Xylenes 148 (9.6%) 15.4 ( 2.8%) 6.1 ( 4.0%) 154.2 ( 2.3%) 4.7%
Styrene 2.9 (10.7%) 1.6 ( 6.9%) 1.6 (5.1%) 4.5( 3.6%) 6.6%
o-Xylene 14.8 ( 8.3%) 7.2 (12.8%) 5.7 (13.7%) 79.2(2.3%) 9.4%
1,3, 5-TMB** 1.9 (6.3%) 1.1 (4.5%) 1.3 (3.8%) 13.0 (4.5%) 4.8%

2,4-TMB 4.4 (7.0%) 2.5(52%) 2.9 (3.8%) 331 ( 1.4%) 4.4%

* Relative standard deviation; ** Trimethylbenzene

mobenzene®} n-butylbenzene& B QA Fo|A EF
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Table 4. Summary statistics for the concentrations of target pollutants in indoor and outdoor air.
Pollutant Indoor Outdoor VO W-test
(Hg/m) Median  Mean S.D. Range Median ~ Mean S.D. Range ratio®! P
Home
RSP 91 100 58 N.D.~ 244 68 80 58 N.D.~ 271 1.3% 0.004
CO (ppm) 1.8 2.1 1.5 0.1 ~ 6.2 1.6 2.1 1.6 02 ~70 1.1 0.227
CO; (ppm) 685 790 494 369 ~ 3634 494 577 366 357 ~ 2881 1.4* < 0.001
NO; (ppb) 24 33 22 9 ~ 96 29 32 14 12 ~ 67 0.8 0.992
Benzene 79 8.2 79 0.1 ~27.2 6.9 9.4 10.9 0.1 ~472 1.1 0.937
Toluene 31.0 423 47.2 0.6 ~ 202 27.4 42.6 54.4 0.1 ~ 222 1.1 0.735
Ethylbenzene 4.0 5.1 4.1 0.6 ~ 170 39 5.1 5.0 0.1 ~23.1 1.0 0.820
m+p-Xylenes 11.6 14.4 11.2 2.0~ 574 10.6 14.8 14.1 0.8 ~ 59.9 1.1 0.600
Styrene 3.7 3.9 1.8 0.6 ~ 83 33 3.9 2.9 03 ~ 156 1.1 0.207
o-Xylene 7.0 9.1 7.0 1.3 ~129.1 5.5 8.6 8.2 0.7 ~ 36.7 1.3 0.397
1,3,5-TMB® 3.1 4.1 4.6 0.3 ~ 250 2.5 4.4 8.8 0.1 ~ 594 1.2 0.085
1,2,4-TMB 6.8 9.5 11.7 1.0~714 5.8 9.9 17.9 0.1 ~ 108 1.2 0.055
Bacteria® 96 115 84 32 ~ 442 131 158 112 3~ 547 0.7¢  {0.001
Fungi? 24 32 24 1~ 104 41 46 30 0~ 104 0.6% < 0.001
Office
RSP 92 99 68 N.D.~ 392 70 78 44 N.D.~ 197 1.3* 0.027
CO (ppm) 1.9 2.4 2.0 04 ~ 6.8 1.9 22 1.6 0.5 ~ 6.1 1.0 0.621
CO; (ppm) 770 952 752 372 ~ 4016 439 569 375 347 ~ 2287 1.8 <0.001
NO; (ppb) 19 22 10 9 ~ 58 29 31 13 10 ~ 73 0.7+ < 0.001
Benzene 6.2 12.6 19.1 0.1 ~ 109 38 8.2 10.3 0.1 ~ 499 1.6 0.010
Toluene 34.4 80.4 95.3 0.8 ~ 341 14.6 50.4 65.8 0.5 ~ 271 24 < 0.001
Ethylbenzene 6.2 7.6 8.9 0.6 ~ 448 3.7 5.5 6.1 0.6 ~ 28.1 1.7 0.002
m+p-Xylenes 20.2 234 26.8 2.0 ~ 137 12 16.2 17.6 2.2 ~ 96 1.7 0.010
Styrene 4.1 5.0 43 1.6 ~ 274 3.2 4.0 24 1.6 ~ 118 1.3 0.049
o-Xylene 10.4 14.5 16.9 1.1 ~752 6.1 9.0 9.6 1.1 ~ 487 1.7 0.003
1,3,5-TMB 23 6.4 14.0 0.1 ~764 2.5 2.9 24 0.1 ~11.7 0.9 0.117
1,2,4-TMB 6.4 14.6 29.4 0.5 ~ 155 5.1 6.5 5.4 0.6 ~ 27.0 1.3 0.025
Bacteria 61 85 88 5~ 442 149 188 119 89 ~ 547 0.4*%  {0.001
Fungi 25 27 21 0~ 85 63 71 53 I~ 261 04* < 0.001
Restaurant
RSP 159 171 101 33 ~ 475 67 72 40 ND.~ 172 2.4%  {0.001
CO (ppm) 4.4 11.3 16.4 0.7 ~ 90 22 24 1.6 04 ~ 6.6 2.0 £0.001
CO, (ppm) 1034 1081 488 432 ~ 2220 506 522 120 372 ~ 963 2.0% < 0.001
NO; (ppb) 56 58 22 21 ~ 105 40 42 14 19 ~ 77 L4x  {0.001
Benzene 6.9 12.0 12.8 0.1 ~ 51.7 7.6 8.0 8.2 03 ~ 311 09 0.007
Toluene 42.8 52.0 55.4 0.1 ~ 234 30.0 49.5 55.2 1.3 ~ 213 1.4 0.180
Ethylbenzene 6.6 8.2 6.5 0.1 ~ 336 43 7.4 12.6 1.0 ~ 88 1.5% 0.011
m+p-Xylenes 19.1 224 14.6 02 ~712 14.1 20.8 19.6 4.4 ~ 100 1.4 0.035
Styrene 38 41 2.0 0.1 ~93 3.1 34 1.5 1.1 ~72 1.2 0.003
o-Xylene 1.3 13.0 7.6 0.1 ~ 36.6 8.1 11.2 9.8 31~ 502 1.4% 0.007*
1.3,5-TMB 4.1 5.1 43 0.1 ~ 243 30 38 34 09 ~ 192 1.4 0.002
1,2,4-TMB 8.6 109 8.6 0.1 ~49.1 6.5 9.3 8.1 2.7 ~ 400 1.3 0.105
Bacteria 104 147 103 34 ~ 479 208 238 157 32 ~ 713 0.5* 0.015
Fungi 31 31 22 1~ 107 49 56 60 1 ~ 369 0.6% 0.001

Note: sample size for each median is 48 in each category, apart from NO, for which the size is 24.
a) Ratio of median concentrations indoors to outdoors; b) Wilcoxon Matched —pairs Signed-ranks Test significance;
c) TMB: Trimethylbenzene; d) unit is colony number per plate.
* indicates that indoor and outdoor medians are significantly different at a level of 0.05 by Mann-Whitney Test.
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Table 5. Temporal and spatial differences in indoor and outdoor air quality, being expressed as a ratio of

median values of two groups in each comparison case.

Mormng vs Afternoons

Scoul vs Taegu .
e Commercial vs

g;;a?sgtll[ry Indoor ()}lld(mr 7 Wﬁfﬁﬁlfr}dm)r o Oulq(mr Residential™
H O R H O R H O R H O R Indoor  Outdoor

RSP 1.0 1.0 0.6* 1.4 0.9 1.2 1.4 0.9 1.1 1.2 0.9 0.8 1.1 1.0
CcO [.1 1.1 0.6 1.3 1.2 1.0 1.8 1.2 0.9 1.4 0.6 1.1 1.4% 1.4%
CO. 1.0 0.9 0.8 0.9 1.0 1.1 1.3 1.2 1.5 1.2 1.3 1.2 1.4% 1.2*
NO; N.A“ N.A. 1.1 0.9 1.4 1.1 0.9 1.2 1.1 1.1
Benzene 0.6 1.1 0.8 0.7 0.9 0.6 1.9 1.1 0.6 1.8 0.7 0.8 1.6* 1.4%
Toluene 1.1 1.1 0.7 0.7 0.8 0.5 2.4 1.1 1.8 2.1 0.6 2.1 1.7% 1.3*%
Ethylbenzene 1.1 0.9 0.7 1.0 1.3 0.8 2.0 0.8 1.4 2.1 0.7 1.3 1.7% 1.1*
m+p-Xylenes 0.8 0.9 0.8 1.0 1.3 0.8 2.0 1.0 1.5 1.9 0.8 1.5 1.8% 1.4%
Styrene 1.0 0.9 0.9 1.0 1.1 0.8 0.8 0.8 0.9 0.7 0.9 0.9 0.9 1.0
o-Xylene 0.7 1.0 0.8 1.2 1.2 0.9 2.3% 1.2 1.4 1.9% 1.0 1.4 1.6* 1.4%
], 3. 5-TMB 0.8 1.5 1.0 I.1 0.9 0.9 1.7 1.2 1.7 2.9% 1.0 1.5 1.3* 1.2%
2,4-TMB 0.7 1.2 1 0 1.1 1.1 0.8 1. 6": 1.4 1.9%  2.72% 1.2 1.7+ 1.5%

1.6

* two median values are significantly dlltcrun ata lL\LI ot (L0S by Mann- V\hllm\ test.

a) For restaurant data, the comparison was made for lunch - time vs dinner-time.
b) The data were not broken down into homes, offices. and restaurants because of unbalanced sample size.
¢) Not applicable since the filter badge was exposed for 24 hours.
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Table 6. Seasonal differences of median concentra-
tions of target pollutants in indoor and out-

door air.
Ratio of median concentrations
in winter to summer
Pollutant Home Office Restaurant

In Out In Out In Out

RSP 1.7* 2.4* 1.6* 1.9+ 1.7 1.1
CcO 4.3% 3.8+% 5.9% 4.4 4.6%  3.1*
CO, 1.5% 1.1 2.0% 1.4* 2.1% 1.1
NO. 1.4 0.9 1.0 0.8+ 1.6 0.6
Benzene 8.8%* 9.8* 18.8% 14.4* 149+ 8 1*
Toluene 9.2% 8.6 27.1% I5.1* 9.3 6.8*

Ethylbenzene 4.9* 3.8* 54 3.6% 1.4% 1.2
m+p-Xylenes 3.6* 3.0 4.8% 2.9+ 1.3* 1.0
Styrene 1.2 1.3* 1.7+ 1.0 1.2% 1.2
o-Xylene 3.1% 2.7* 3.9+ 22% 1.3 1.0
1,3,5-TMB  3.8*  3.5* 5.7% 33 22% 5%
1,2,4-TMB  2.5* 2.4 3.9* 1.7 1.3* 1.0
Bactreia 0.7+ 0.6+ 0.6% 0.9+ 0.6 0.4*
Fungi 0.6 0.6 05« 1.3 1.0 0.3

* median values for winter and summer data are significantly different
at a level of 0.05 by Mann-Whitney test, and sample size for cach
median value is 24 except NO,, which is 12,
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2R 5} B oA FellA] AFE3E filter badge <
passived] ZAupby o ex F4 0.15~4m/sec, H
&5 40~80%%) Z=Asl] AHEAlo] oF 20% +F
ol ez ¥ 3% u} v} (Yanagisawa & Nishimura,
1980). o] why-2 A Al el IF4Fg
ZAst7]) gls AR Aelmz F&He] F ALA
Alglel A badgeEd xZ2AIZ H$ AHoz BE
Aol F71d 4 slvh wpeiy B AgelAl 7o
A&d AR GelA filter badge] 02 NO&
Ag 2w 1 A )R] AlV|Em A}
o2 NOp© 3 & A - 9 5= vl 9
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-2 2B A AAA wFe] FEEH o
ehdc} @ 2 benzened} toluened] A& Al9] 2
}gk vEE 5= vle] 8~ 15v} A HEH
Hem (¥ 2), ¢ 72 VOC =3t A
o ¥A AEEAT Al A 2 xS W
ehd COg} RSP} tjzd oz AUE7] £ VOC
9] H1 i BT AAFACdAM AEFHYoH &

k1 _ski Sy

3 AL B 7)ot ARz dARe A o
& EHdEE ARSS AR Gsite #22) #8)A ¥
A depgel o] AFRAES 2% AT Adgd

& Al#gskar glslet

gubd oz VOC 3=t o EHd| nljsh 74
9 &4 A28= Aoz Bud 7w gl.on (Feld et
al., 1992; Singh e al., 1992) o]2]dF VOC=2} #A-4A
HEe Wyl By dainak gy F sstulbg,
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Home Office Restaurant Home ()HILL Rleduldnl

RSP 0.63% 0.17 -0.01 0.76* () "i () ()7
CcO 0.37 0.48* -0.04 0.72* 0.34 0.32
CO; 0.96% 0.71% 0.77%* 0.18 -0.12 0.41
NOy#* 0.79* 0.79* 0.52% 0.42 0.23 0.53*
Benzene 091* 0.56% 0.14 (.72 0.70% 0.27
Tolucne 0.88* 0.55% 0.75% 0.85% 0.30 0.85*
Ethylbenzene  0.93* 0.82+ 0.33 0.72% 0.33 0.84*
m+p-Xylenes  0.94* 0.85* 0.89* 0.73% 0.52* 0.67*
Styrene 0.78* 0.60* 0.72% 0.51* —0.04 0.37
o—-Xylene 0.83% 0.92% 0.88 0.72% 0.34 0.70*
1,3, 5-TMB 0.99* 0.70% 0.75% 0.47% 0.06 0.40
1,2, 4-TMB 0.99% 0.65% 0.70% 0.46% 0.11 0.36
Bacteria 0.88* 0.75% 0.52 0.63% -0.01 -0.26
Fungi 0.79* 0.56* 0.39 0.38 -0.51 0.38
Sample size 24 24 24 24 24 24

Total

Home Office  Restaurant
0.70% 0.41* 0.07
0.76* 0.73* 0.46%
0.88% 0.22 0.55%
0.72% 0.42+* 0.16
.88+ .83+ 0.75%
0.91* 0.70* 0.90*
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0.58% 0.28 0.54*
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0.72* 0.43 0.12
0.68* 0.08 0.42

48 48 48

* Significant at a level of 0.0F; ** Sample size is the half of other potlutants.
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Fig. 3. Comparison of median ratios of indoor and outdoor concentrations of target pollutants.
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