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= Abstract=
A Study on Air Pollution and Thermal Factors in Underground
Shopping Center of Pusan Area

Sung Yong Choi, Deog Hwan Moon, Jong Tae Lee,
In Hyuk Song, Cha Eun Lee, Sung Min Lee’

Department of Preventive Medicine, College of Medicine
and Institute of Industrial Medicine, Graduate School of Public Health', Injé University

For the purpose of preparing the fundamental data on air pollution in underground
shopping center and also contributing to the health improvement of residents, the
authors measured the level of SOz, NO2, TSP, CO, CO: and also some related factors as
air temperature, air movement, relative humidity and mean radiation temperature at in-
side and outside of underground shopping center in Pusan from January to February

- and from July to August 1994. ‘ :

“The results were as follows:

1. The‘ mean concentration of CO within the underground shopping center was 3.1 %
1.3ppm in winter and 2.1 & 0.9 ppm in summer. There was a negative correlation (p
< 0.01) between inner CO concentration and temperature in summer and no corre-
lation between inner CO concentration and outer CO concentration in underground
shopping center. A

2. The mean concentration of CO: within the underground shopping center was 876 +
353ppm in winter and 757 + 125 ppm in summer. There was a negative correlation
p< 0.01) between i inner CO: concentration and air movement in summer and pos1-

tive correlatlon ( <0.05) between inner CO: concentrann and outer CO: concen-
tratlon in underground shopping center.
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3. The mean concentration of SO: within a underground shopping center was 0.036 +
0.019 ppm in winter and 0.040 £ 0.013 ppm in summer. There was a positive corre-
lation (p < 0.01) between inner SO: concentration and temperature in summer and
positive correlation between inner SOz concentration and outer SO:2 concentration in
summer and winter in underground shopping center.

4. The mean concentration of NO: within a underground shopping center was 0.052 +
0.038 ppm in winter and 0.042 = 0.016 ppm in summer. There was a no correlation
between inner NO: concentration and thermal factors in summer and winter and
low correlation between inner NO: concentration and outer NO: concentration in

underground shopping center.

5. The mean concentration of TSP within a underground shopping center was 430 +
214 g/ m' in winter, 366 + 73.g/m’ in summer, and very in excess of the atmospheric
environmental quality standards of Korea (150ug/m3 | ). There was low correlation
between inner TSP concentration and temperature in summer and high correlation
between inner TSP concentration and outer TSP concentration in underground

shopping center.
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37 2AEA 7HEdl o13AEA (S0, ) 4Hst
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SO= 7|l F7| £4 H 2 (Gillian, USA)E
ol &3lo] AR}/ E 1.5L/ming) FFHer
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A& E WBGT(RSS-214, CANADA)®} o} 2ut
AT FFELEAE A3 R Ve dAF
47| (V-01-AND; 1D ENSHI, JAPAN)& A}-4-3}
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4. Data 2| &

RE ARe 7122 SAS(Statistical Analysis
System) ¥4 Package & A}-4-3}o] 73 Z3}dch

7z =
1 298N BEEE

SOs= AeHAr} A RAFEE (B2 0.047 +
0.036 ppm, 3187] 0.041 + 0.014 ppm)7} ]2 (5
A7l 0.036 £0.019ppm, 27| 0.040 + 0.013
ppm)ich kot BAH e felsxegteh
(P>0.05). 7 A" 2F 2 vale] 7377
F4 (T 0.05ppmo]sh)ell vl 2ateic).
UNOE Az WR(EA7] 0052 +0.038
ppr, 5F87] 0.042 % 0.016 ppin)e] HFFE7} 9|
H(EA7] 0029 +0018ppm, 7] 0035+
0011 ppm)Ec} o FAACR feolgh 3
|2 A& shdth(EAs] P<0.01, 8447 P<
0.05). AeH WREEE S detel orlar
71&2] (A= 0.05ppm o|3HE 27} AFs)stel
o ‘

" TSPS] AP RS HRFEE (B 430
+ 214 g/, 7] 366 + 73 pgfm')9} 22l 3
FEE(FH7) 429 + 242 sg/nt, $H47] 344 + 66
wglm)e] 2be Zelste] 2] viete] oir|gh )
F2 (AT 150 g/’ ]3P E FM 235}93),

CO & | 3p47F W4 ($47] 3.1 + [.3ppm, 3}
7] 2.1 +£09ppm), F(FH7] 1.5+ 1.2ppm,
3kd7] 22+ 0.6ppm)ols FAH7] WEAFEE
7t ¥ B FeERe) Fokon] MR fo
g 2ol AlF ok (P<0.01) B
Frol g xkol7} gldch Wl o) 4ef 2t A7k
FEEE 33 el vete] 7|27 24 (3%
 8ppm o[ 3D WAl mleksldch

COx= A 347 WH- (54 7] 876 + 353 ppm,
ad7] 757 £125ppm), SR (FA7] 404 + 73
ppm, 3t47] 636 + 99ppm)E FH 7] spH 7 BF

T AFEEs} 43R} ¥oken gAHeE
213 Aol g A|@3HAchP < 0.01) (Tabel 1-1,

-2 3=x).
2. 2Rt

7155 A7) 37 25 | R 7]
F 27F AlSFE 3 (P < 0.01), W ¥-= 98] 1)) %
sl e gl A 7]Fel 0.5k " v|s)
k.

7128 s 7] (B3 311 £ 1.0C, 9% 312+
32C), ™7 (% 18.6 +3.80C, &% 57+
37Tk A BA7) o] Aahabrl W) 8%
o LEATL ASAT AL LZ F2)7 Aol B
A& 3k oHP < 0.01).

71L& A7) (FE 73.04+1588%, 9%
73.06 + 17.16 %)7F S48 7] (] & 50.39 + 14.92 %,
SR 4473 £19.85%) Rk Ehon) )% )
ot FAHCE Fo5H4 Wtk $47)9) A
st R BEEE $2) e} A58 1
AR 9127 29 40~70% o A jFet oyt
shr)e WP FE o2k F3skgn,

BEHAEEE 7 (T 320+ 1.5T, 9
392 +150C)7F $47) (N 194 + 35T, 9
B88+53C)Hr) gkon] U, 8B Ho] B
Aoz §olstdrh(P<0.01) (Table 2-1, 2-2

Zz).

As-gztol A TSP} 71§, CO:9 712 #E,
CO ¢} 715, SO:9} 7]-&0] o3t AVPAE 2

g om (P<0.05), 847 =sFT7rel A TSP}
71/, 718, 715, 2B I COst AFHALE,
CO 9} VAR, SO:9 715, 71%°) 5%
AABAZ BGcHP <0.05). 23 F47) 3
A7lel BT 218 4RIAE HolE AL CO:
9} 718 B} (P<0.05). JF-LgqEAY &
dalatele] GAAA QA AL R t}2H e
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Table 1-1. The mean concentration of air poliutants by site and time (winter)

pollutant Site No. Morning Afternoon Night Totall
SO: inside 39 0.044 + 0.025 0.030 = 0.012 0.034 = 0.014 0.036 £ 0.019
(ppm) -

' outside 39 0.061 + 0.053 0.039 +0.023 0.042 +0.020 0.047 + 0.036
NO* . inside 39 0.056 + 0.040 0.049 + 0.031 0.051 £0.043 0.052 £+ 0.038
(ppm)

outside 39 0.028 + 0.017 0.023 +0.020 0.036 £0.014 0.029 + 0.016

TSP . inside 38 553 + 313 349 £ 73. 397 +£ 150 430 £ 214

(pg/m3)
outside 38 538 + 326 326 + 103 421 £207 429 + 242

Cco*™. inside 36 3015 28+1.0 34+1.2 31+1.3
(ppm) :

outside 37 14+1.3 1.3 1.1 1.8+1.3 1.5+£1.2

co™ inside 36 609 + 102 892 + 343 1075 £ 379 867 + 353
(ppm) ’

outside 37 416 + 85 378 + 39 415+ 83 404 + 73
=:P<0.01
Table 1-2. The mean concentration of air pollutants by site and time (summer)

pollutant : JSite No. Moring Afternoon Night . Total
SO: - inside* 36 0.042 £ 0.013 0.036 +0.014 0.040 £ 0.014 0.040 i 0.013
(ppm)

: outside 36 - 0.047+0.014 0.032 £ 0.010 0.043 +0.014 0.041 £ 0.014
NO* . inside 36 0.047 £ 0.010 0.042 +0.013 0.038 £ 0.023 0.042 + 0.016
(ppm)

‘ outside 36 0.029 +0.010 - -0.034 +0.010 0.041 +£0.012 0.035 +0.011
TSP inside. 36 396 + 69 © 334+ 72 369+ 71 366+ 73
(pg/m3)
’ outside 36 373+ 60 306 £ 60 325+ 63 344 + 66
CO . inside 36 1.9+0.6 22+1.0 23+1.1 2.1 09
(ppm) , .
outside 36 20x0.7 2207 25+1.0 226+ 0.6
co™ inside 36 683 +£94 792 £ 131 796 + 121 757 £ 125
(ppm)
outside 36 621 + 99 633+ 94 654 + 110 636 £ 99

*:P<0.05

=: p<0.01
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Table 2-1. The mean value of thermal factors by site and time (winter)

thermal factor  Site No. Morning Afternoon Night Total
Air - inside 38 0.14 £ 0.09 0.17 £0.08 0.13+0.09 0.15+£0.08
Movement™
(m/sec) outside 39 0.81 + 0.41 1.05+0.53 0.81 +0.39 0.89 +0.45
Temprature™ inside . 38 156 45 202 %27 19.8 £ 2.1 18.6 +3.8
() .

outside 39 2437 91x45 5535 5.7+£47
Mumidity . inside 38 54+17 49 + 14 48+ 14 50 £15
(%)

outside 39 51+£20 37+18 46 +£20 44 £ 20
MRT* inside 38 162+ 3.8 208+24 21,0120 194135
(v

outside 35 72+33 122 £23 6.5+36 88+5.3

MRT : mean radiation temperature
=: P<0.01

Table 2-2. The mean value of thermal factors by site and time (summer)
thermal factor  Site No. Morning Afternoon Night Total
Air * inside ‘ 36 - 021+032 0.22 £0.29 0.14 £0.12 0.19 £0.25
Movement*
(m/sec) outside e 36 0.90 £+ 0.51 1.12+0.78 1.02+0.39 1.02 £ 0.56
Temprature™ inside™ 36 30.8 £ 1.3 31.5+1.2 310+ 1.8 311 £1.0
(©) A

outside™ 36 30.3+29 33.1 132 30.1 £2.6 31232
Mumidity inside 36 74+ 13 74+ 19 72+16 73+ 16
(%)

outside . 36 T £15 74+ 19 74 £ 18 73+17
MRT* inside*™ 36 319+ 1.3 320+ 1.5 320+ 1.8 320+ 1.5
(c) |

outside™ 36 375+ 145 48.0 £ 19.2 320+232 39.2+15.0

MRT: mean radiation temperature
=:p<0.01
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o} (Table 3-1, 3-2, 3-3, 3-4 Zz),
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0.55), TSP(r=0.79)Z $-2 & Atd3A o gl.od
CO(r= —020)} NO:2(r=025% *-& A3
2 29k st@rldlE S0:(r=0.56), TSP(r=
0.85+% fodt ArgaAlel glew COGr=
—-0.23), CO:2(r= —0.10)2} NO:(r=0.18)= #*2&
A BA & Bt} (Tabel 4-1, 4-2 3=).
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Ao ] 2o F2% AL 2EIH

S HRsho] A wA s, e, WY 58
T oer 7HE o7] LA oE 24
°l 92 ?‘s}t oli ] o] Aatef] A5 o
22 A28 HeAH L §
Foz wEso] rlgetd f A
ety 29153 QAAH] A= :}17]3_0301 e
sHAl Aok (7 42 5, 1986).

2o el AgEAo] AE-Fzhe|7hA
dsiel 4% Ase) Ao B2 A 9
U B2 AFES] gl Sl oa) Astel 7] wt
A 2] 5 A sojrta sle AA el
e1A 5, 1990). o]RA Tr1E 2PATlE &
FEA 7l SO & BelA ] v Zuby 4}
224 Qg wWiE ol ofsto] A7k 2F 100 X 10~
146 X 10 o] AAA AR wl&= T o]|F 0%
= g3}8 383l MEelke] AAR]e) Z12)T 16

b e o

Table 3-1. Correlation coefficient between air pollutants and thermal factors in subground area (winter)*:
TSP CO: co s, - - NO
AM -0.32* -0.24 -0.39* -0.08 012 ~
TEMP —0.03 0.28* 0.17 —0.29 0.05
HUM 0.06 0.33* -0.13 -0.07 ~0.23
MRT —-0.05 0.23 " 0.17 o -025 N 6.04 ‘
AM : air movement, MRT: mean radiation temperature, HUM : humidity, TEMP: temperature
L P<0.05 ’ :
“*:P<0.01

Table 3-2. Correlation coefficient between air poliutants and thermal factors in subground area (summer)

TSP CO: CO SO NO2
AM 0.14 —0.53* -0.08 0.05 : —0.16
TEMP 0.34* 0.37* —0.49* 0.49= - 0.03
HUM ~0.08 -0.12 0.34* —=0.17 —=0.11
MRT 0.19 0.21 -0.19 0.24 . . -0.10
AM : air movement, MRT: mean radiation temperature, HUM: humidity, TEMP temperature
*:P<0.05
=*:P<0.01
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Table 3-3. Correlation coefficient

between "air pollutants and thermal

factors outside of underground area

. (winter)
TSP CO: ' Co SOz NO2
AM -0.18 ~0.37 -0.49* -0.13 ~0.45%
TEMP —~0.08° 0.02 ~0.09 -0.25 ~0.04
HUM | 0.56% . 0.29* 0.30* -0.15 0.08
- MRT -0.09 01 0.05 -0.22 -0.00
AM : air movement, MRT: mean radiation temperature, HUM : humidity, TEMP: temperature
*:P<0.05
=.pP<0.01

Table; 3-4. Correlation coefficient between air poliutants and thermai

factors outside of underground area

‘ (summer)
. TSP CO: co SO NO2
AM 0.27* -0.22 -0.01 0.33* 0.04
FEMP 0.36* -0.27 -0.23 0.27 0.15
HUM -0.30* 0.08 0.04 -0.29 —-0.19
MRT . ..0.20. —0.30* —0.28* -0.00 0.09
AM : air movement, MRT : mean radiation temperature, HUM : humidity, TEMP temperature |
+2P < 0,05
=P < 0.01
Table 4-1. Correlation coefficilent between inéide air pollutants and outside air pollutants (winter)
Outside/Inside co Co: S0 NO: TSP
co —0.20 —0.40* —0.03 0.41* -0.48°
CO 0.28 0.41* -0.24 —-0.52% 0.41*
SO 0.25 0.05 0.55% 0.89* ~0.39*
NGz =021 —~0.47 —0.08 0.25. " ~0.38
TSP 0.56% 0.54% 0.47* -0.13 0.77%
*:1P <005 '
= P-< 0.01

% Afe) dae] 71k she (Perkins,
1974), QA8 Fako] DAL S8 A2
3 $717F BE Aol B& Askda s 557

Aghe) WM} FolX| AL AlEo] FlE e Ae
dixdes & 5 b (Wark 5, 1981; Caveres

5, 1983; o)A 1 -, 1986).
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Table 4-2. -Correlation coefficient between inside air pollutants and outside air pollutants (summer)

Outside/Inside CO CO: SO: NO: TSP
co = -023 ~0.22 —0.56* —0.07 - —0.46
Co: 0.03 010 —034 012 ~0.24
SOz ~0.57* ~0.35 0.56* 0.25 0.52°
NO: —0.68" C—0.48° 003 - 018 -0.19
TSP © =018 -0.13 0.68% - 0.16 0.85%
*P<0.05 '
=.p<0.01

2 2AM A ¢ SO HiFEs AT R
(%287] 0 047 + 0.036 ppm, 3-8 0.041 £ 0.014
ppm)7k W3 (FA47] 0.036 + 0.019 ppm, 1 7)
0.040 +0013ppm)5’_1>]- —“‘-'ik_n_, Uy 9jHe =%
¥ folt AR BAE e glon], 4%
240] 7b4 EA) vebytt o) Az 2% SO
o AahE7h SOl HE VAT T AL
2 Agsy oy wEPe) 2718} sl §
o &3 93] SO FE 2ol FlQshE A
IR L

NOse WEA B3} BB x, 34, F9)
% i‘%ﬂ% @EJ °4_’::?Jr?‘é°ﬂ/ﬂ 7%

5o dapAel Ak ¥l st F7)

ulol A Bedg Abdiel wlmA zeshelA]
w A3} (Perkins, 1974 Wark %, 1981), 0.25
ppm ol A 2] 228 ZHST | ppm o] E
ANE A haz $UoT BAT 5 3
£.m, 53] 0.01 ppm olslol A& 2~34] Xo}=
o @A ol Z/HAGT S, w2 7L
o] WA (Air Pollution Control Office)& 0.06
ppm ©] 9] NO: s =24 71734 a7t el =,
EAA 9] o B NO, FEE E4] A7 2

7]} #edo] Erha stedch(Shy, 1980).

2 ZAMV-] NO:9| ﬁﬂ-hih A SAL} W
(A7) 0.052 + 0.038 ppm, 3} 7] 0.042 + 0.016
ppm)7} &1 ¥-(FR7] 0.029 £ 0.018ppm, 312 7]
0.035 + 0.011 ppm)Ec} ¥ =ty SAF oz

O Oh'\

ﬁMﬁB
e

28 Aol F AR shglow (47 P<0.0L,
&4d7] P<0.05) eddqlAlel: EAHOE §9
3 JRAAE A Rk TSP —Er'?ﬂ° i
=, Ake) =7) 2 ¥R PR A
w2hA 2131]94 FE9 ‘%*3 T UH
2E 8 AE AASES Wl g uE
zAstnz, wAs SRldA et AE
2z i‘ﬁgélﬂﬂ#(Perkms 1974; Wark =
1981; 249k 5, 1986); 53] 87|17} ¥ xl
sg7bel| 8] FAlolobtE AFE dAHE
/Hz-lo] 1?‘7] é;} Ol:ll-/\lya] ,/}: 9\1_9_2_-5 B
T 2349 el BAe] $RAs iRl & Ao
2 AtgHch '

2 kel A AsArt ) o 2% ol
CHEZERPRRRE S LR ERVERCS
A7) 430 £ 214/n, SPE7] 366 + 73l w7}
9% (5] 429 £ 242 /i, 8177 344 + 66 ¢
[m)Reh b—_g}oq. EAHo 2 Fo3AE st
o} et ol @ Aole Askrt W37 &%
Wr} AlRte) Eere] 9WS3 wod Al
B2 WA BEEee] Ashy $A¢
e - 227 AL ARHH o] 3(199013)¢]

Raxed 2 sha7t Ule] A% E 201 + 4 g/t
Bo} 953 ¥ AL AN R BAY 5
o] o] 9} 2APA7I7E 4rdo] A }ske] 1ERE X

Sz EaRgle] U 251 A VA

Aoz ARAY}. 9F A ($47] 555+ 3134
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o, 8 7) 396 69 g/ m)=} o}2F (FA7] 397 +
150 g/, BHR7) 369 + 71 gl oi)0] 5 (FA7)
349 + 73 ﬂg/ o, 8P47] 334 +£ 72 g/m) BT} F

<] ;]:L A]ﬂ-o a]. PARI 8 =) Z.3) gkoj qé‘:
Yo 7lo) 7191 Ao g AtmHet COE A
3 £-5}od A7k 30 X 10~80 X 10 £0],
Mo 2= 304 X 10E°] ZHzt A A A
W= oty 22 =) (Perkins, 1974), ¢l
W&k Z oF 85% 7} AE7| %) w7 7kA
o 4} wj &= el &atE CO AL AEA
g9} Ao} FElo] o}l mEgko] Wi A7}
29 EAAGNNE U S FIE 7] Eer T
28R HrE T o ey Als At
Fo) A%l COdl A5Ao] 2 AREL 53]

FA1S 7FA ok & Aol (o)A F, 1989).

2 2418} A5 BF COF = A A7 )
B (EAH7] 3.1 +13ppm, 47| 2.1 +£0.9ppm)
F477 R(FAY 15+ 1.2ppm, 3pd7] 2.2
+0.6ppm)E47] et Egron Ao &
o) Aol AR SHAUTHP<0.01). FEFEE

A\ szt W &% B 7|87 2 E 2381
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