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Abstract

A comprehensive air quality monitoring was carried out in this study to investigate the concentrations of
criteria air pollutants in indoor and outdoor air of public facilities in Taegu area. Four different kinds of public
facilities were selected as sampling sites, which are underground stores, stations & terminals, general hospitals,
and department stores. Each group of the public facilities was consisted of three different sampling sites. As a
consequence, a total of 12 different sampling sites were surveyed throughout this study. Sampling was
conducted simultaneously indoors and outdoors, three times per day (in the moming, afternoon, and evening)
and four times per year (spring, summer, fall, and winter) at each sampling site during the period of October
1994 to July 1995. A range of criteria pollutants were measured in order to obtain a broad profile of indoor and
ambient air quality, including total suspended particles (TSP), carbon monoxide (CO), carbon dioxide (CO,),
formaldehyde (HCHO), sulfur dioxide (SO,), and nitrogen dioxide (NO»). In addition, temperature, relative
humidity, and air current were measured on site together with those air pollutants.

Results of this study indicated that the indoor levels of TSP, CO, SO,, and NO, appeared to be generally
higher in stations/terminals and underground stores than those in department stores and hospitals. However,
HCHO and CO, were found to have higher levels in the department stores and hospitals than other places,
indicating that the effects of indoor sources for these pollutants are significantly different from other combustion
related pollutants such as TSP, CO, and SO,. It was also found that there are marked seasonal and daily
variations both in indoor and outdoor air quality. In general, combustion related pollutants such as CO, SO, and
NO; showed a typical pattern of higher levels in winter than in summer, and also higher in the morning and/or in
the evening than in the afternoon. However, the seasonal and daily patterns of HCHO appeared to be opposite
to the combustion related pollutants, i.e., higher both in summer and in the afternoon, implying the effect of
temperature on the volatilization from indoor sources of HCHO. Results of correlation analyses between indoor
and outdoor air quality also indicated that the effects of outdoor sources on the indoor levels of TSP, SO,, CO,
and NO, are much significant, whilst no significant correlations between indoor and outdoor levels were found
for HCHO and CO..
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Table 1. |dentification of sampling sites.
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A7 (SOz) % ojAb#Al A (NO:)¥E handy sam-
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mlY FEez 208 F¢ 104 49 tedlar gas
sampling bag (SUPELCO, 104, USA)9 A|g%7)
£ A3 J5 APAZ &4 pulsed fluorescence
SO. analyzer (Thermo Environmental Mode!
43A, USA)$ chemiluminescence NO-NO,-NOy
analyzer (Thermo Environmental Model 42,
USA)E AH48ted 2534 SA 59

EFYY = (HCHO) = A 371237 &,
handy sampler (Kimoto HS-7, Japan)$ Ah&she
Frgelol 14/88) §902 60 5 BN 44
T PHENBER Fo drledTYAEPEY 22 E
2hA o ozl UV/VIS spectrophotometer (Kon-
tron UVIKON 930, Italy)E AH&3led o8 570nm
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Sampling Site Area Building Ventilation Air Population: Exit P%Z‘ﬁ;ttljn
; . ¥
Facility |No. (m?) Age (year) Conditioning |(persons/day}| Status (person/m?/day’
Station 1 15,372 26 Natural No 40,006 Open
& 2 1,718 7 Natural No 2,000 Open 0.48
Terminal | 3 533 20 ivatural No 2,500 Open
Underground 1 9,923 19 Forced Yes 10,000 None
S:g:e 2 9,036 10 | Forced Yes 15,000 None 2.31
© 3 1,430 17 Natural No 20,000 None
Department i 4,357 11 Forced Yes 6,000 Close
pSt 2 2,858 9 Forced Yes 7,000 Close 2.21
ore 3 949 22 Forced Yes 5,000 Close
General 1 1,745 3 Forced Yes 5,000 Close |
Hospital 2 552 25 Forced Yes 4,000 Close | 4.31
Spita 3 374 14 Forced Yes 2,500 Close

Table 2. Summary of indoor meteorological conditions in sampiing sites.

Temperature, °C

Humidity, % Air Current, m/sec

Parameter

Range MeanxS.D. Range Mean+S.D, Range Mean+S.D.
Station & Terminal 4,7~28.7 20.8+6.9 22.7~56.7 37,7+ 8.2 0.18~0.59 0.25+0.08
Underground Store 8.7~29.3 21.1%6.6 28.0~54.3 35.7+11.3 0.16~0.44 0,321+0.12
General Hospital 20.0~27.7 23.8+2.3 20.7~57.7 39.0£12.1 0.11~0.23 0,18%+0.04
Department Store 20,7~28.7 25.2+2.7 22.7~56.0 36.0x11.5 0.12~0,34 0.221+0.07

* Sample size for each mean is 36.
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FEHAA 2 sx9 52 (1/0)2 986 ppm, 832
ppm % o 2.2v), oF 1992 vjeh} $ejjele] A
W3 7)1 29 1,000 ppmef] AY S3l Qe e
2 delde o]l UsE F F Lol 23 3
7|24-e] o] FolAA] ohe AtelolA w2 AFFalF o] &
Ao 3FL E3) COvt o W=7 dEoes 2
Fo|gA| Aol A HA Lo WAL S HA)sHe Ao
o4 FRslchs A4S AAE Foh 2y Agexg
COx RE Yol 437~468 ppml 2 23 Fo] A
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Table 3. Summary statistics for indoor and outdoor air quality in public facilities in Taegu area.
Poliu- | Station & Terminal | Underground Store | General Hospital Department Store Total
tants | Indoor | Qutdoor {I/O| Indoor |Qutdoor [I/O| Indoor | Outdoor {I/0| Indoor |Outdoor {I/O| Indoor |Qutdoor |I/O
TSP 190+71 | 187177 Lo 175457 | 154+48 L 147445 | 143£58 Lo 109+51 | 12870 0.9 155463 | 15466 Lo
(ng/m*) [(90~358) | (86~375)] " | (93~310) |(44~215) |~ [(60~211) | (50~258) | " | (34~184)|(48~253) 1 "~ | (34~358)|(44~375) |
CO 1.5£0.411.5%0.4 L0 2.6£0.91 3.4£1.6 0.8 1.740.61 1.7£0.6 Lo 2.7£1.5] 2.0x1.1 14 2.1+1.1] 2.1£1.3 Lo
{ppm) (0.8~2.2)[(0.9~2.1)] " [(1.1~4.00k1.8~6.7)] " [(0.7~2.8)1(0.9~3. 13| " |(0.8~5.9)K0.6~3.4)| " |(0.7~5.9)((0.6~6.7)| *
CO; 628126 437+42 L4 692+200| 468+48 154 9861218 | 445454 g1 832+161] 442135 19 785+223| 448+46 18
(ppm)  [(479-860)| (330~492)] "~ 1(460~ 1195)|(411~556) | "~ [551~1362)| (362~543)] " [(607~1124)|(385~521) | " |(460~1362)(330~556) |
HCHO 21+14 18+6 Lo 25418 15%7 16 2047 1344 L& 43+32 1416 31 27421 15+6 18
(ppb) | (12~61) | (8~28) || (5~65) | (7~30) | "1 (11~34) | (9~22) | |(16~121)| (7~27) |77| (5~121) | (7~30) |
S0, 1149 1318 0 8 12+6 2+15 0.6 %5 1319 06 11£8 19+16 0.6 107 17+12 0.6
{ppb) | (4~31) | (4~26) |~ (5~22) | (5~53) | "1 (2~15) | (4~32) | (5--26) | (4~40) {7 (2~31) | (4~53) |~
NG,» 60+28 67+40 0.9 40+8 44413 0.9 2946 3449 0 3248 33+13 Lo 40+19 | 4525 0.9
(ppb)  [(35~125)1(20~145)[ "~ | (28~50) | (28~67) | "~ ! (20~28) | (22~50) (21~45) | (20~57) | [(20~125)]|(20~145) | ~

* . Sample size for each mean is 9 (36 for total), otherwise the size is 12 {48 for total).
*  Indicates that indoor and outdoor mean levels are different at a significance level of 0.05.
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ol Akl le oBriA|e] oot o HUESY Y
Aol T 7hatA 2437 BTl wol WY Aoz
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Table 4. Comparison of seasonal average concentrations of criteria pollutants in indoor and outdoor air.

Sampling Seasons TSP(ug/m®) | CO(ppm) | CO:(ppm) | HCHO(ppb) | SO.(ppb) NO:(ppb)
Sites In Out In Out In Out In Out | In Out In | Out
Station Spring 219 | 217 | 1.6 1.7 629 | 459 13 14 9 12 51 54
& Summer 126 | 135 | 1.2 1.3 603 | 469 19 19 5 7 54 80
Terminal Fall 200 195 1.2 1.4 519} 418 31 22 - - - -
Winter 213 | 201 1.9 1.5 759 | 402 22 17 20 21 76 66
Spring 249 | 205 | 2.8 3.7 819 | 525 24 14 12 24 46 48
Underground Summer 123 102 | 2.3 2.5 648 | 449 42 16 6 7 35 39
Store Fall 170 166 | 2.8 4.3 616 | 426 19 21 - - - -
Winter 159 145 2.5 3.1 686 | 474 14 10 17 34 38 46
Spring 196 | 217 | 2.0 2.1 11,042 | 473 18 11 8 13 30 36
General Summer 130 100 1.0 1.4 1,103 | 474 30 16 4 5 32 40
Hospital Fall 134 154 1.5 1.7 829 | 428 19 16 - - - -
Winter 128 103 2.1 1.7 970 | 406 15 10 9 21 26 28
Spring 167 208 2.5 2.5 829 | 486 38 15 8 13 35 42
Department Summer 62 55 1.6 0.7 868 | 404 78 14 5 4 24 22
Store Fall 84 88 | 2.5 2.0 7321 435 36 16 - - - -
Winter 121 163 4.1 2.6 902 | 442 21 11 20 39 36 34

7 A9 e Aoz Jehgd, =3, HAyEdAz gt
A s dosls B2 4¥a NOS Hases
Ae) A4+ AE&Ho| FFSE 44ppb (26~76ppb) &
velfeo] 4239 IF5E 36 ppb (24~54 ppb) R}
A eSS o £ otk ol 4FE kg 8
feko) 2712 93 ALE FEHo) sAgh, dHd =
A 1Eo) A ulal oF 80% o] A& ARzt A A
#al= o2 ZALR T (Chapin, 1974) o] 9lom
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A5, W71 71 EA <] 50 ppbels Sufshe £ )7
d Fofl Ao wHE oA I HE § gl
a22)3 AYeMY NO&= B4, 54 § Agde o
557} 45ppb (36~54 ppb), 45 ppb (22~80 ppb)
3! 44 ppb (28~66 ppb) 2 Yehd, AEER Fxile
7t A g Aoz EXF 7]EX e 50 ppbel A9
$utat Ao Jehy TSP A-4A3 A4 edae
& B3R 9o ¥, A9 NOx= AdHEz H3
obAbE Fglo] vehyiz] ¢fx qled, 24 S04 A
o= w2 AYHRE Ao} A3tk 5 d84A
o2 g A3} ¢l&E vlste Aoz dMdd. o
o]
b
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AeR zAEUG. AYHEE depbd 472953
EAL Adud didad #ho| gl CO, SO,
NO= AW - 8 55 e FAzH B} e A YAzt
Wb A el g & 5 oldh oleldt olf: B%
Z A 3] AFHE FHTANNY wEFo| &
2dAM g v A 53 AR HugEdd
FEA ZHH (09:00~10:00, 18:00~19:00)¢) HF3H
ol duhgdne] AR ot FA dehd ZeR

Table 5. Daily variations of indoor and outdoor air
quality with respect to the afternoon mea-

surements.
Indoor (n=48) J Qutdoor (n=48)

Pollutants ~ i " z

(M/AY A" (E/AYI(M/AY AP (E/A)
CO (1.1y* 1.0 (L.3)={{(1.2)* 1.0 (1.4)
CO, 0.9 1.0 (0.9 |(1.1) 1.0 (1.0)"
HCHO [(0.8)* 1,0 (0.9)**[(0.9)" 1.0 (0.9
RO (1.3)» 1.0 (L7119 Lo (1.7)
NOt (L™ 1.0 (L™ [(L3)y" 1.0 (1.2)*
4 : Morning/Afternoon Conc. ratio
b : Afternoon
¢ ! Evening/Afternoon Conc. ratio
* I P<0.05, * : P<0.01

**: P<0.001 compared with Afternoon
. sample size(n) = 36
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Table 6. Comparison of ambient air quality measured in this study with data from ambient air quality

monitoring network.

LTAAQS Spring Summer Fali Winter Annual
Pollutants QS" TS Study | AAQMN" [This Study | AAGMN |This Study | AAGMN [This Study | AAGMN [This Study | AAQMN
TSP |150 ng/m¥/year| 212 83 98 56 151 79 153 84 154 76
CO [9ppm/8hrs| 2.5 | 1.0 1.5 0.6 2.4 0.8 2.2 1.4 2.1 1.0
SO. {30 ppb/year| 16 34 6 20 - 37 29 43 17 34
NO: |50 ppb/year| 45 29 45 21 - 24 44 29 45 26

* . Long term ambient air quality standard,

* © Ambient air quality monitoring network
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Fig. 1. Relationships between indoor and outdoor air pollutants.
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Table 7. Correlation coefficients between indoor air pollutants and meteorological conditions.

Parameter TSP(n=48) CO(n=144) CO.(n=144) HCHO(n=144) S0:(n=108) NO:(n=108)
Temperature -0,30° 0.08 0.21* 0,37 —0.46° —-0.22°

Humidity -0,35* -0.27* -0.05 0.34° —0.44* —0.07
Air Current 0,27* -0.13* —0.33* —0.02 0.02 0.01

Each value represents the correlation coefficient.
* . P<0.05 compared with indoor air pollutants
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