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— Abstract—

The Study on the Level of Air Pollution at Four
Department Stores in Pusan Area

D.H. Moon, HW. Rhee, C.U. Lee

Dept. of Prev. Med., Coll. of Med., and Inst. of Ind. Med., Inje University

For the purpose of contributing to the promotion of health of the employees working
at the same kind of department store or similar type of business and the people
utilizing them and preparing the basic data for the establishment of mangagement

measure by assessing the level of air pollusion at indoor and outodoor of four depart-

ment store among the distribution service business in Pusan area, authors measured the
concentration of sulfur dioxide, nitrogen dioxide, formaldehyde and total suspanded
particle according to the measuring height of variable at indoor and outodoor from
Aug. 1990. to sep. an. d Jan, 1991 to Feb.: for each two months in summer and winter

and studied by dividing the variable factor into atmospheric factor (temperature, humid-

ity and air velociy) The results are as follows ;

1. The mean concentration of air pollutants at indoor to total subjects was nitrogen
dioxide 31.1ppb, sulfur dioxide 51.7ppb, formaldehyde 162.1ppb and total suspanded

particle 67.7 ug/nf, and it was higher in winter than in summer P >0.05)

2. The mean concentration of formaldehyde to total subjects was higher indoors than
outdoors (P<0.001), in case of nitrogen dioxide there was no significant difference and
sulfur dioxide and total suspanded particle were higher outdoors than indoors (P<0.05)

3. The concentration of nitrogen dioxide and sulfur dioxide proved to be a adverse

correlation, reducing with height.

4. According to the result questioned about the exposure concentration of pollutant

and the general symptom caused by the pollutant, nitorgen dioxide and symptom

proved to be a pésitive correlation (P<0.09)

Key words : Pusan area, department store, level of air pollution.
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1981) (F-2+]
1%, 7V75 29.6%, A% 73.4%, AZE 41.3%
Z7F¥(Pusan matropoliton Govermment 1990) £}
CEo] 588 A5A4LS U8 - A8 A=
ArE 742 dAgo] 2uE - =7 (Cook
E, 1991, Worke;1981)A17, 232 @ EA
S YrFgez wiEste Z3E YA
(Work E 1981, x=A14], 1988).

ojZ g W] LIEHEL A LHT A
o e 5 - AEF A FEgFE A HAF
4 g 7Bl & B ofyzt, Uz AA ¢
= JPHA AHE Vet leH, 1 A=E
g2 ZdH3 Jde 4A)H(Genen E, 1979).

53], $ivEt =AY A AU g &
L FAgow OF9 ©3FLA SHAHAR(A

718,/ 7F2)E AHesta ew(e,
1986), thH-% Al AL 90%°l/do] 7HE S H]
3 A, AR, 1E7E T AW
A Gt o= 289 (Chapin FS:1984, Sza-
la A;1972, Dockey DW;1981) AW=7]o] &g+
At BATAA ZHAA Fa% THAL H
I QT(Szala A 1972, Moschandreas DJ;
1978, Yocum JE ;1982).

T3, F71EAe 2AT GNP d5<& 33 4
ol 712 (ZW 19903 13d%<t 3% Ay HY
A} 655 439 ZF7F, 19804 —1988'd 33 Ak
JAL B8 43.5% —50.9% 2 F7})Ms(F A 718
A ZASAE 11989, FFLY ZASALR;
1989)7F4 23 glow, 3z Y F 93t 2
S #% Myl dF9 AUEE LS a3 FAAY
F7F B3 o]l g3te AVEY U §oE2E B
AgA . ool sty SR o & #AA 2
2ot

7] edEAdL JALFEA(EA, mist, fume)
3 7tAREA (A EE(SO,), FANFE
(NO,), ¥=AsFE, 223E(0,)F713H3t

. 5)e)- 432
1980), AWl L HERZE FQ3A dR: 2
o} A7F2(S0z), ©lAtst A4 (NO,), U4t

£(C0), TELHI=(HCHO), FaAE, &
(TR e=(0,)] 22 7E=(C0s) ' B M *F
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)% o@RAY FANE NVAY, AYHY
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E3, 24y J13EAd 9% i 0:E
= gE 233 384 QA5 RaAAEM
(=) 211988, A=1™ ;1986, FFfH#ER ;1989, I§
fEZER ; 1987) (712, 71%, 71%, NO+05—NO,
+02, S02+03—S03+0,—~+S0;+H,0—+H,S0,
mist )l & AR wWFo EFAHA A&
o2 gd=2A JYeys®® (2o F ;1985 Nai-
burger M;1967), 1 f3jdo] SepE= Wi
2alstn ABAL ZE WIUES AT
88 Hojopemmm(Zialed 1986, EFFHHE
71989, ¥5rEZERT; 1987, ¥ ;1985).

oetA, AxtE TSPE £338td, F2 3F7I
T AEF7r22 g3A S0, NOSMME=(:=Af 4 |
1988, Calrect S:1984, o]a<d : 1989, Porkins HC
:1974) 8} B gA FAER2A FE}L J=
HCHOE #Wstdx #dd Au - 9 74 2
¥ AREPer, £ 2 2dEdd A&
e @A AFEL BYsta, ¥ 229
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ol AN 27} Huxt B AF ZALE A8}
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1) ZAMA7] & Z=ALEHY

H/\].z]od OE-HO}H])\%}& = %.(17
Im) 1’39} 47 Wstyd W, X, Y, 28 4F
o2 3t 1990 8¥HEH 9YMAE A
7122 19919 198E 297148 A4 =
BoF 3o & AP

03“_. JIN = L\n’

3+
3
=7
7]

2) ZAL g5

A f2vet 87 RAPY drlede AR
2 AREY gi719 87X AR HY e
NO;, SO, TSP& flutelMe 3&71EA
7t AR S0 A doy H2 #Ed] A7t
JPH3 Je HCHOE 2AIgEo 2 A3t

d) AL B

NO.9l &AL 1976d w&didgtn wicigAlH
BAAT4A Palmes T°] 7123 Palmes me-
thodell 9]3}9 31, SO,= Rosaniline-formalin®d
(West and Gaeke Method)®*" (==} 4] ; 1988,
NIOSH), HCHOx Crmotropic acid®®’ (=74 ;
1988, NIOSH)Ho= TSPE $#x=5Ho=
SRAXA HoH, 25, S5 o2 &4
A, 715 Dgital air velocity meter2 =385
o

SAZA QoA 7 W A - 49, F
Al - &, golwsle]l me W3lz stgoen, Z

HEgde 73R E, &5, 71F)9 #¥
AlA ZAF S Th

Auiele]l TRL HE IgHE JFoe A
WRE AUz ooz ¥E v smil9E
Aele] 2HAAZ I, Fold WE 3%
AEe At 1Z2(—3£0.5m)2HE 243 95(17.75
+1m)(Z A9, T34, ol 3} vl 3o
e At NG 65014 Ad)oz Ao,
FolHgd w2 738 FEAA oA #43F
Aee) 2AHHLe F AU 1.7540. 25mE0] 9
FHARAY FAAZA AP Y AP
2 st

4) X2 =4
SAIAEl= SPSS PakageE
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1A ALY Hufe] & - S| B 29
|

A g7 ZAHEY] F - Sl LEEAY
£ ¥9 A9 olistArvH FAH 38
1ppb, 3HAl 26.5ppbolx, o1&t FEe F
A 68.7ppb, 3HAl 34.7ppb, EELH I =E T/
182. Oppb, 3HAl 142.1ppb, FHE3 % A
59.9 ug/ni, 8HA 74.3 pg/m® 131 A
14.8C, 34 19.1C, &%= 54 77.1%, oA
81.5%, 715% EA 0.29t/min 317 0. 73ft/min
oz Yet zt 229 F- A9 HAsE

e

Table 1. The mean concentration of air pollutants to total subjects by season.

Season Iter'n NO.** S0.** HCHO** TSP’ T H A".
Unit ppb ppb ppb pg/m € % ft/min
Summer 26.5+10.8 34.7+11.8 142.1+32.8 74.3+£26.6 19.1%3.0 81.5%6.0 0.73%0.17
(90) (60) (60) (110) (120) (80) (189)
Winter 33.10+14.968.7+31.5 182.0+£38.8 59.9+28.8 14.8+4.4 77.1£8.8 0.29+£0.12
(200) (60) (60) (87) (135) (80) (200)
*p<0.05 **p<0.05 ( ) 2 No of sample.

NO.: Nitrogen dioxide TSP : Total suspended particle A : Air velocity

SOz : Sulfur dioxide T : Temperature
HCHO : Formaldehyde H.D : Humidity
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el Hiwod M BE B4 F3 FAZLE &
g zels el en (o] 33t A 4 | Prob=
0,000 F-value=1.91 t-value=—3.75, o}#2t7}2
. Prob.=0.000 F-value=7.12 t-value=—7.84,
EEGH 8=  Prob.=0.000 F-value=1.40 t-
value=6,09, FHF2Z : Prob.=0.000 F-value=
1.17 t-value=3.70), ©|ArstA L, o}3atrlA,
EELHE =Y T FAZ =24 Jewgz,
BEHEAD AR R, 5, 71F)c A

7} =4 JEersit
2. MF ZAlhAlel AU .2 HE 2HSE

ST

B 4 ZAM A A - 8] e HEAY
HAFEEE o)A 4e AL AU 31 1ppb, A
9] 29.1019, opgarkAx Au 51.7pph, A9
57.6pph, ZEYHI =L 4 162.1ppb, A9
132.8ppb. F-HEAL AV 67.7 ug/nd, 29 83.
ug/nt. 233 & AW 16.9C, 49 16
1T. v 2 79.3%, 49 73.7%. 71F=
A 0,51ft/min, 29 3.31ft/min= etk

Z B2do A - ¢ HFEy HmA o4t
HALE AT olzolirtE, TELHIE,
RHEAS 5, 71FE FAdcE §oF 2
o] & EMAA 2w (o} 347 | Prob.=0.000 t-
value=1.49 EEFLH I = : Prob.=0.000 t-value
=9.15, ¥HEZ : Prob.=0.000 t-value=—6.
59), ofEiltrtzel R{EEM, 7FE 2% =
A vGeEbga, TELGHI =) 2 AUt =
A vebstot

3. TAMCHAKW, X, Y, Z)E ALY - Ao @AHE
A sk

W, X, Y, Z9 44 -9 7 2dEde HTF
S Table 39) Uehd vhe} Zow, Wel 34,

o] AL ExE AU 24.4ppb, HE 26.
2ppb. ©}&7t: Fxe AU 40.6ppb, AT
47.4ppb. EZF LI = F=v AW 162.1ppb,
A2l¥ 131.4pph. FHEF F=v AV 63.64
g/nt, BLE 79.3 ug/niold, 714%A F &
= Ay 17.6T, 49 14.1C. €= 44 7%
2%, 29 74.4%. 7152 AW 0.51ft/min, A9
3. 32ft/minZ e}

X 3%,

o|atgtd A =& AU 47.4ppb, ¥8= 29
8ppb. ol&A7t~ FxE AW 69.4pph. dE
68.4ppb. EEEUSI= Fx& AWl 152 8ppb,
9= 130.5ppb. FFHED T HY 8.1
g/nt, A8 E 87.2 ug/nfolu, 714A2} F &
£ 49 17.7C, 49 15.9C. =% AW 82
0%, 29 73.2%. 7175 AW 0.49ft/min, 29
3. 36{t/min= EFGCH

Yo A%,

o) 4sid A v AW 27.2pph, A& 27
S5ppb. cl&artE FEE A 44, 9ppb, e
53.2ppb. ESYUE Fxt AW 157 7ppb.
Ao 129.7ppb. HREF T AW 43.0p4
g/nf, A& 86.5ug/mfolH, 71404 F &%
£ 449 16.5C, 49 17.7C, =& A4 7.
9%, 29 75.6%. 71HF< AW 0.51ft/min, 29

Table 2. The mean concentration of air pollutants to total subjects by site.

- Item NO, S0.**  HCHO**  TSP** T* H A**
HE Unit ppb ppb ppb pf ot T % ft/min
Indoor 31.1+14.1 51.7429.2 162.1+41.0 67.7+£28.5 16.9+ 3.8 79.3+ 7.8 0.51£0.26
(290) {12} {120) (203) (270} (160) (389)
Outdoor 20.1+ 8.5 57.6+28.9 132.8+36.9 83.8+22.9 16.1+12.1 73.7+11.9 3.31+0.83
{185) (120) (120) (177 (270) (160) (703)
*p<0.05 **p<0.001 ) I No of sample.

NO;: Nitrogen dioxide TSP : Total suspended particle A : Air velocity

S0, : Sulfur dioxide T : Temperature
HCHO : Formaldehyde H.D : Humidity
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3.27ft/min2 v}E}RTh

Z9 AL,

olitgtA A FEE AW 27.9ppb, d&E 32
lppb. o}&i7hx FxE AW 52.1 ug/nf, 29
= 6l.5pug/m. EELHIE TEe A 175.5
pg/m, A= 139.8ppb. FHER FEE AU
67.6ppb, 22]= 8L, 5ppboln, 7] 4%A F &%
£ 44 16.0T, 29& 16.9C. 5= AW 78

%, A9 71.7%. 71F€ AW 05.2ft/min, 2
3. 30ft/minZ WEFST)

Z ZAMAAE AU 2HEE HAFEE 9
A AL R XDZO>YOWELRE X>Z, X>
Y, Z>W, YOWE BAHe2 Fo3 Aolg 1
EPA L (X>Z | Prob.=0.000 F-value=1.98 t-
value=—8.34, X>Y : Prob.=0.000 F-value=3.
66 t-value=—9.77, Z>W ! Prob.=0.036 F-
value=1.93 tvalue=—2.08, Y>W ! Prob.=0.
038 F-value=1.04 t-value=—2.08),

opFATELL] B XSZSYSWELR X>Z,
X>Y, X>oW& BA3dez & Aelg el
WA o8 (X>Z : Prob.=0.025 F-value=2.46 t-
value=—2,31, X>Y  Proh.=0.003 F-value=2.

Table 3. The mean concentration of air pollutants by

04 tvalue=—3.17, X>W . Prob.=0.001 F-
value=1. 68 t-value=-3.60),

EEUUINEY A ZOWSYSXELR Z>
We BAHcz 7493 Aol YA n(Z>
W ! Prob.=0.032 F-value=1.36 t-value=—
20),

REGERY AL X>Z>W>YY o2 X>
Y, X>Z, X>W, W>Y, Z>Ye SA38es &
A #olE Yepl ATHX>Y : Prob.=0.000 F-
value=4.95 t-value=—9.98, X>Z ! Prob.=0.
000 F-value=1.02 t-value=—4.30, X>W:
Prob.=0.000 F.value=1.44 t-value=—5. 02, W
>Y ! Prob.=0.000 F-value=3.43 tvalue=->5,
11),

Z ZA Y] AW - Yziel LHER FEF
o|itgt A 4o FL YE AYF BE =AY
A4 FAALE #og aelE Yehhion,

Ze 299 =7t w1, Y AU e Fo
7b f9 3R ggon, P U9 2t 4
Lie}sivh

ol&7tae AL Y, Z7F BEAFo 2 {3
atol g Jehglen, 499 FE7 Bn, W

kind of department store and site.

i

At

L

Ttem NO. S0,** HCHO**  TSp** T* " Axs
Nane Unit ppb ppb ppb p/ i T % ft/min
Indoor 24.4+ 8.9 40.6426.8 162.11+43.7 63.6+22.7 17.6% 3.8 79.2  0.51+0.26
{68) (30) (30) {45) (70) (40) {100)
W Outdoor 26.2+ 8.0 47.4+27.9 131.4437.1 79.3+19.5 14.1+13.0 74.4+12.4 3.3240.87
{40) {30} (30) (42) {70) (40) (180)
Indoor 47.4+16.1 69.4%34.7 152.8+36.9 89.1+27.2 17.7+ 4.4 820 6.9 0,49%0.27
(62) (30) (30) (55) (70) (40) (90)
X Outdoor 29.8% 6.6 68.4+31.8 130.5+40.1 87.2427.3 15.9+12.9 73.2+12.4 3.36+8.2
(45) (30) (30) (53) (70) {40) {165)
Indoor 27.24 8.4 44.9424.3 157.7+38.5 43.0+12.2 16.5% 3.7 77.9 9.4 0.51%0.26
(83) (30) (30) (40) (60) {40) {99)
Y Oudoor 29.8+ 6.6 68.4+31.8 130.5+40.1 87.2+27.3 15.9+12.% 73.2+12.4 3.27+0.75
(51) (30) (30) (40) (60) (40) (180)
Indoor 27.9+11.4 52.1+22.1 175.5+43.1 67.6+26.9 16.0+ 0.4 78.0+ 7.9 0.52+0.27
(77) {30) (30) (63) (70) (40) (100)
z Outdoor 32.1+ 9.9 61.5+25.3 139.8+37.0 81.5+24.6 16.9+11.6 71.7+12.4 3.30+0.86
(49) (30) (30) (42) 970) (40) {180)
*p<0.5 **p<0.01 () :No of sample.

NO;: Nitrogen dioxide TSP : Total suspended particle A: Air velocity

S0, : Suliur dioxide T : Temperature
HCHO : Formaldehyde H.D : Humidity
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Xe SAHL2 {948 Ao]7) dehtx] gor),
We 497t 58 4%, X 47l =2 Age
e T EEGH =Y AL W X Y, Z ®
3 FAAE f9% Aolg UgUdon, W,
X, Y, Z7F F3] AW F=7 =4 vebsich

FRERL] 29 W, Y, Z7 EAHoE £9
g Aol & eI e, W, Y, ZF35 49 B
7} =4 vebd,

4. T ZAlcidel &Y so|#stol me
T

=

[=]

Table 4% FAl ZAbglge] 29 Folustel
WE 7 2o FRUSE Uehd Aol ol

Wash Frdte SANYAT @A ol4ty
Az, oOFATLAY Ay - 9 TRt RGRA)

AR FoF Jo ApRAS JeEpu o]
oy (g o] AEA X : Prob.=0.003 £ =—0.

4959, 42 o]itg}A A | Prob.=0.000 £=—0.
6808, AUl o}FA7 A [ Prob.=0.000 #=—0.
4325, A9 o}V ! Prob.=0.001 £ =—0.
3429), 7131 2, FX, 7IFE o] W)
o] @AM Mool 71F7F BAHoz fo%
ol A#AAE JehHUz(d9] /R Prob=
0.000 P=—0.4061), ==, FEE EAZL=
Frolahx] st

o|4tzt A &, offatrtae] Folwisle] wE
TEEAE ozt he U —550] 22 5ppb,
A9 1-5%¢] 14.9ppb, o}3at7tAe] AU 1-5
%ol 33.3ppb, #9) 1-5%0°] 23.8ppbE JEN
Rew, 713dR A9 7)HE 5-1%¢] 1.
16ft/ming Uehf i)

5. Z} LHSAZIS| MU
Table 5= g%%%(o]ﬂ'i}';gi; O]-%)‘\l7]-£;’

Table 4. The mean concentration of air pollutants by floor and site,

Floor Item NO, S0O,** HCHO** TSP** T* i | A**
<hight) Unit ppb ppb peb p/ T % ft/min
Indoor 40.3£13.7 66.2-+30.1 159.6+38.8 67.4+26.4 16.9+ 3.8 78.8+% 6.9 0.5140.27
1 (68) (24) {24} {42) (54) (32) (79)
(1.75%1m) Outdoor  36.9+ 9.8 68.3+31.1 139.5436.0 84.3+27.1 16.1412.3 72.6+13.2 2.74+0.72
(42) {24} {24) (41) (54) (32) (141)
Indoor 35.6111.2 62.1%29.8 166.21+40.6 62.6126.5 16,9+ 3.8 80.2+ 7.6 0.50+0.26
2 (56) (24) (24) (39) (54) {(32) (80)
6.75+1m) Outdoor 33,1+ 6.3 64.4%28.5 127.5434.192.44117.8 16.1+12.3 74.8411.8 3.04+7.8
(33) (24) (24} {34) (54) (32) (141)
Indoor 29.9+12.7 52.3+28.6 161.6+41.6 60.3+21.0 16.9+ 3.8 79.2+ 7.4 0.49+0.25
3 (56) (24) {24) (39) (54) (32) (70}
(10.35+1m) Outdoor  27.8% 3.9 59.0+29.1 131.6436.6 90.3+19.2 15.9+12.3 74.6+ 9.3 3.3046.9
(36) {24} (24) (35) (54) (32) (141)
Indoor 27.7£13.8 45.2426.3 166.4143.6 68.11£26.7 17.14 3.8 78.4+ 9.6 0.5340.27
4 {63} (24) (24) (41) {54) {32) (80)
(13.35t1m) Outdoor 24.6% 4.1 52.0+26.6 135.1438.1 79.7+24.3 16.2+12.3 74.4+11.3 3.5810.73
(38) (24) (24) (33) (54) (32) (141)
Indoor 17.8+% 4.6 32.9418.9 156.3+43.0 79.3436.5 16,94 3.8 79.8+ 7.8 0.5140.27
a (46) {24) (24) (42) {54} (32} (80)
{17.75=1m) Outdoor 22,04 5.7 44.5+24.4 131.0£40.7 72.1+19.5 16.0+12.3 72.1+13.7 3.9040.75
(36) (24) (24) (34) (54) (32) (139)

*p<0.5  **p<0.0l )t No of sample.

NO:: Nitrogen dioxide TSP : Total suspended particle A: Air velocity

50;: Sulfur dioxide T : Temperature
HCHO : Formaldehyde H.D : Humidity
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Table 5. The relationship of air pollutants.

Correlations: NO0UT S0.0UT HCHOOQUT TSPOUT HOUT AQUT TOUT
NOOUT 1. G000

50.0UT LTRO7** 1. 0000

HCHOOUT 0. 920 . 2543 1. 0000

TSPOUT —. 0387 —. 1498 . 4800* 1. 0000

HOUT —. 3112 —.5357* -—.5610** —.1106 1, 0000

AQUT . 0229 . 1827 . 0203 —. 2726 . 1635 1. 0000

TOUT —. 3322 —.5801** —.6218** —. 1045 .4675* —.5701** 1. 0000
Correlations: NO:IN SO:IN HCHOIN TSPIN HIN AIN TIN
NO.IN 1. 0000

SO.IN .7962"* 1. 0000

HCHOIN —.2359 -0095 1. 0000

TSPIM .1692 —. 0493 . 2804 1.0000

HIN —. 2690 —. 3833 —. 3814 —. 0461 1..0000

AIN —.4566* —.5653** —.4880* —..2055 .6007** 1. 0000

TIN . 2804 . 0208 —.5562** L0741 —. 1142 . 0328 1. 0000
*p<0.05 **p<0.001

NOIN : Concentration of Indoor NO; NO.OUT : Concentration of Qutdoor NO2
SO:IN : Concentration of Indoor SO0, SO0UT : Concentration of Qutdoor SO2

HCHIOIN : Concentration of Indoor HCHO HCHOOUT : Concentration of OQutdoor HCHO
TSPIN : Concentration of Indoor T.S.P. TSPOUT : Concentration of Qutdoor T.S.P.
HIN : Percent of Indoor Humidity HOUT : Percent of Qutdoor Humidity

AIN : Velocity of Indoor Air AOUT : Velocity of Outdoor Air

TIN : Degree of Indoor Temperature TOUT : Degree of Outdoor Temperature

ESSH3E, 2HER), 7RI E, §E5,
7159 4339 dEBRAE JYebd Aelth

2zt §49] AadA AFL A SAE(5Y
9, ¥4 37 2AANE 9, A, F
4 oz gistd HF, Hu, Hio &AM
w2 SL3A st AE3gd. 2dEAY
TS 713N E, £, 71F)% 49w
AE AHEA, Ae 2g, olitEdie] B
E 759 EAFHo 2 #o% de) AAAAS
Uiy, 25, 5= SA3oE R &
o, 25 ¢ FATY A, ¢ G 9
Ao AFE Ve o

olghitzlze) FEE 7R FAFZ £9
g oo A4ABAES vehlY, v FAA
2 f93A) goy Agae A%e vEdx
Atk

XEUYUIE T §4, 2549 FAHeR
ol g9 FRFAAE Yehin, §E FTA

Hog fo3x goy, I4Fe AT vet
lz Ak

iR 7159 EAHz fo5HA @#o
U, gAa#e A3ge Jeplia vk

Ao A3e, o)RgAdLre FEE FE, €&
o} BAFcE fo3A gou, Adn AF
< Holm,

ol FAlAE 28, $59 EAFCE %
g JaAAE Jenflon,

EEolHslEe 25, 59 5AF ez #9
3 4o AAWAE Jehho Utk

BReRAL 25, &&, 7158 FAF f94
o] el gtk

QA ARHAA Age AHEE, Y
S A%, ojustdzst o4y JaE FAFL
2 F9% 32 A9 duAE Yz gle
o Egoh) s =y Rgre e 237 54
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Table 6. The mean concentration

of air pollutants in W department store by seson and site.

Site Item NO; 50, HCHO TSP T H A
Season Unit prb ppb pph puf ot T % ft/min
Indoor 20,1**+6.4 23.4 £4.9 138.2**%29, 7.5 +16.3 19.5**+3.2 80,3 £55 0.73**0.17
‘ 8
Summer {19) (24) (15} (20 {35) (20) (50)
Qutdoor 22.9**+50 24.9 +4.3 113.4**+31. 72.6 +22.4 26,8**x2.5 8l.¢ 6.9 Z74**+0.68
2
(20} {21} (15) (20} (35) (20) {60}
Indeor 26.1* £8.3 53.3%+£32.5 185.9%*+43, 57.2%*+25.3 15.6**+£3.3 78.1**+7.1 0.20**£0.12
1
Winter (49} (15) {15) {20) (35) {20) (50}
CQutdoor 20.5% 49,2 63.7*430.9 149.4**14,3 85.4**+14,3 1.5**£2.9 69,9"*£13.3 3.90**10.62
{20) {15) (15) (22) {35) (20) (90)
*p<C.01 **p<0.05 { ) :No of sample.

NO,: Nitrogen dioxide TSP : Total suspended particle A: Air velocity

30, ; Sulfur dioxide T : Temperature
HCHOQ : Formaidehyde H.D: Humidity

6. 2} ZAIHAKW, X, Y, 2)H AlLj -2 «
= .59 @H2E =E.

We @dEd F5i= Table 6o et Hps}
o], olislA4, olFAvtE, TFUUHIE,
BHEAS st sHA-dUe] A5 oldsdL
20. 1ppb, ©}&At7k2, X ELHRE, FRE
FEE sHA-2We A oliEEt 20, 1ppb,
o}8hik7E2 23, 4ppb, EE DS = 138, 2pph,
FEA 7L5pug/m, €% 19.5C, €% 80.3%,
715 0, 73ft/mine] ¥, 3A-d)e) FL= )43
A4 22.9pb, oFEAEZE 24, 9pph, EELUF
= 113.4ppb, RHEA 72.6 ug/nd, L 26.8T,
FE 8L.0%, 71§ 2.84ft/ming A @atgch

EA-AU Y HSL olkslA A 26. 1pph, o}
7F2= 53.3pph, EFLUIF= 185. 9ppb, ¥4
57.2 pg/mi, &% 15.6C, &% 78.1%, 27 0.
29ft/min, FA-d9e] FS-& olatztAL 29.
Sppb, ©}3AR7EA 36.7ppb, X ELufd= 149
dppb, HF-HHF 8. 4ug/nf, £E 15T, H%
69.6%, 715 3.90ft/min® A|&¥ati Uch

A - Aejel RAEA FeiE AL Ae
olatgtd a, TEFLUWSIZ, BA9 A olitz
Ax, EEEUEE, FHEA] 4 FAL
Z FatA et om(3tA o]itstd 4 | Prob.

=0.015 t-value=—2.72, 3}A EESYI=:
Prob.=0.004 tvalue=3.44, TA o)Azt 4
Prob.=0.047 t-value=—2.13, Z4 XE2d 3]
T ! Prob.=0.012 tvalue=2.90, &4 Y{FEF
. Prob.=0.000 t-value=—5.39), &A2 74 o]
watdz, ojgistae 499 $E7 &7, E
U= AU 27 B4 JEksch

A9 AS olidstda, ojgiA BiER
A Hdele F=7 2od, TELHE=e 4
W7t =€ =58 Addagy.

X¢ 2883 Fx2E Table 791 e wis}
Zo] aA-dWe A% o]4rsta L 40.1ppb, ©}
347} 42, 3ppb, EEYH I = 144, 3ppb, FF-
HA 858 pg/nf,

25 20.6T, &% 83.6%, 715 0.74 ug/ni'ol
o, sA-Ade o|italda 26, 1pph, otEA7}
2 42.3pph, EZELH 3= 109.3ppb, FHER
93.7 ug/nd, €% 28.2C, $% 82.1%, 717 2
85ft/ming AMA3ATH

SA-ANY AL o]ikEa 4 50.9ppb, oHFAF
7F2 96.4ppb, EHF LS = 161, Zppb, FHEA
93.3pg/mf, X 14.7T, HE 80.4%, 717 0.
29ft/mincl®, FA-2¢= o|4tat= A 33. 1ppb,
o} &4k 7t 2 94.5pph, EE YW 3| = 151. 6ppb,
83 78.7 g/, X 3.5C, §% 64.3%, 7]
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Table 7. The mean concentration of air pollutants in X department store by season and site.

Item NO, SO, HCHO TSP T H A
Season . 3 :
Unit ppb ppb ppb ug/m &4 % ft/min
Indoor 40.1* +11.8 42.3%12.1.144.3**£31. 85.8 +£30.1 20.6* +3.6 83.6 6.1 0.74**+0.17
6
Summer (20) (15) (15) (31) (35) (20) (40)
Outdoor 26.1% +4.4 42.2+9.3 109.3**+£28.93.7 +28.4 28.2* +2.8 82.1 +5.2 2.85**%0.71
4
(21) (15) (15) (30) (35) (20) (75)
Indoor 50.9**+16.7 96.4+27.8 161.2 £41.0 93.3*£22.9 14.7**£2.9 80.4**+7.5 0.29**+0.12
Winter (42) (15) (15) (24) (35) (20) (50)
Outdoor 33.1**+6.4 94.5%23.4 151.6 + 78.7*%23.6 3.5**+4.5 64.3**£11.0 3.79**£6.32
29.7
(24) (15) (15) (23) (35) (20) (90)
*p<0.01 **p<0.05 () :No of sample.
NO.: Nitrogen dioxide TSP : Total suspended particle A : Air velocity
SOz : Sulfur dioxide T : Temperature
HCHO : Formaldehyde H.D : Humidity
Table 8. The mean concentration of air pollutants in Y department store by season and site.
Site Item NO, S0, HCHO TSP T H A
Season Unit ppb ppb ppb 778 € % ft/min
Indoor 23,315.0,431.2. £9.5/133.0**+28.45.0*%£11.0'19.4**+2.5 81.5 +6.7 0.73**X0.17
9
Summer (20) (15) (15) (20) (30) (20) (49)
Outdoor 24.914.2  31.6 £9.9 113.1**+25.85.5**+13.6 28.0**+2.6 81.1 =+7.1 2.84**%0.65
8
(22) (15) (15) (20) (30) (20) (90)
Indoor 28.6+£9.3 58.6%*126.9182.4**+30. 41.0**+12.5 13.6**+2.2 74.5*+10.5 0.30**£1.2
4
Winter (62) (15) (15) (20) (30) (20) (50)
Outdoor 29.449.6 74.8%*120.1146.2**+33.87.5%*£20.7 7.3**+3.7 70.1*+10.2 3.71**+2.8
2
*p<0.01  **p<0.05 ) : No of sample.

NO: Nitrogen dioxide TSP : Total suspended particle A : Air velocity
SO : Sulfur dioxide T : Temperature
HCHO : Formaldehyde H.D :Humidity

F 5.790/ming AR, A9 oldgdae T3 AU =7 w#A o
Aust dolY 0dEd vExE Y 3¢ ERh
o1, LU= Ao A olatsa YY) 29E3 $EE Table 80 U uhdl
&, 29239 27 SR R ‘rr-*]ﬁ}ﬂ] vel o), sA-Ae A$E olitshAa 23.3ppb,

oo (8hA olakstA A : Prob.=0.000 t-value=
6.24, 3tAl X E LI E : Prob.=0.000 tvalue
=6.09, A o]4r3t&A X : Prob.=0. 000 t-value

=4.19), A olitstdA FEAHI=, =

=03 [<)

FERD 45 pug/nt,
0. 73ft/min°] 9,
9ppb,

— 172

o}3tat7}2 31.2ppb, EELH 3= 133.0ppb, #
2% 19.4, £% 81.5%, 7%
A Aee olitsid A 24
o}3At7}A 31.6ppb, EESLHF = 113



lppb, *#87 8.5ug/nf, €% 28,0C, §%
81.1%, 715 2.84ft/ming A A&F .
=A-A0 e ALE ojatstdk 28 6ppb, ofF
27} 2 58, 6ppb, EF LU F = 182.4ppb, H-FHE
2 41.0pg/ni, 2% 13.6C, w& 74.5%, 71§
0.30ft/minol ™, FA-A89 A o|dHAL
29.4ppb, ©}&A+7tA 74.8ppb, EEEHGE=
146, 2ppb, 553 87.5pg/nt, €% 7.3C, #
= 70.1%, 715 3.7lft/mind A H3H
Aye} Aele] eEE%E FEAE A ¥
EEIYI =, RHEDG FAL AL ot
A, EESHIE, RFEN] EFAHLE 79
Al velsrew (BHA EEUEF = L prob.=0.
001 t-value=4.04, 3tA1e] HEHEA I Prob.=0.
000 tvalue=—12.34, A& ©ot&27+ [ Prob.
=0,04 tvalue=—3.46, TAL EELHI= !
Prob.=0.000 tvalue=4.81, 49 B2HFERA.
Prob.=0. 000 t-value=—8.78), 3tAle] 2% o]t
AL Rarge Hee Fuvt ¥y, 5
3= Afe sart B4 JE, $A9
2AS$ olgastAy e FE7 #%oH,
zays=e Al =7 A Jebdth
79l 2 AEA F5¥E Table 9.9 Jephd vhe}
Zol, dHA-due] A5 olastd L 24. 1ppb, °f
47 2 37, 4ppb, ESLHIZE 152.6ppb, FFH
BA 81.5pg/nf, €% 16.9C, ¥ 80.7%, 7l

2 0. 74ft/minc] 9, A-delE oldEEL 26.
Sppb, °}3At7kA 40.8pph, EE LTI E= 123
8ppb, FHEZ 89.6pg/mt &E 27.9C, |E
78.8%, 7V§ 2.70ft/ming A|HatEH

EA-AWe 49 ojatstA & 30.3ppb, %
A7} 66, 7ppb, EELH = 198 5ppb ¥HE
A 45,0 ug/nf, €% 15.1C, ¥% 75.4%, 71§
0.3ft/mino) ¥ SA-AsjE o|&#A 4 37.3ppb,
o}&Ak7tA 82, 2ppb, EEYH I = 155, 8ppb, ¥
S23 74,1 pg/nf, % 5.8C, &5 64.5%, 7
F 391 pg/ e AEsRET

Aust 499 98D srAtoj A A
o ¥2d3=, A F$, oAl of
A7t TEAUIE, RHEJD G4 FA
Hog HA velten (il TEEHS=
I Prob.=0.029 tvalue=2.43, &4 o3z 4&
. Prob.=0.008 tvalue=—2.87, &A o837t
: Prob,.=0.001 t-value=—4.00, =4 EE%
: Prob.=0.000 t-value=5.15, ¥4 *¥
: Prob.=0.000 tvalue=-—5.72), &Ale 3
o] g A 4, olFarla, RFEIL 299
=7t ¥%ed, TELHI=Ee AUt =S
FEE Uepiich

0

of 4o AL T Iy
>

7. HAM ZAb Chael 2YSE =59 2K
A= olst YUk ZAZe| T

Table 9. The mean concentration of air pollutants in Z department store by season and site.

Site Item NO: 50, HCHO TSP T H A
Season Unit ppb ppb ppb pfm T % ft/min
Indoor 241 +7.6 37.4 +11.5152.6* +39.981,5 +22.1 16.9**+2.5 B80.7 5.6 0.74**£0.17
Summer (30) (15} {15} (20) {30) (20) (50)
Qutdoor 26.5 +6.1 40.8 +11.8 123.8* +37.789.6 +3i.8 27.9**+0.5 78.8 6.3 2.70%* £0.69
(21} {15) (15) {20) {30} (20) (90}
Indoor 30.0**+12.7 66.7*+20.5 198.5** £33, 45.0**+16.7 15.1**+3.7 75.4*40.0 0.30"*+12.8
5
Winter (47) (15) {15) (20) (35) (20} (50)
Outdeor 37.37**49.7 82.2*+16.3 155.8**£20. 74,1**+12.2 5.8**+£3.7 64.5%+13.0 3.91**6.2
5
*p<0.01  **p<0.05 () iNo of sample.

NQ;: Nitrogen dioxide TSP : Tofal suspended particle A: Air velocity
805 : Sulfur dioxide T : Temperature
HCHO : Formaldehyde H.D: Humidity
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Fig. 1. The relationship of symptoms and air pollutants.
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obRiztA, EELWIE, FREF, 282 4
A ZAFE 14 FAAY 2R3 F4
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¢ dd Aojr}.

24 FAEE F NO= AF wWl=dd gsiA
A AAHoz AT SIXIFES] WSS E Aoz
F4™sn, S W& 7|AsE NOFEE
AA NO,F¢ 0.083%([NO,]=0.083[NO,] el
m, NOt 91.7%([NO]=0.917[NO,])&A NO,
A 9 FEE NO+0;~NO; +0,9 8he w7}
UZa A [NO]I[0s]9) s=o <35 2313 A A4
A Fd d%E @e Fozx A A(H
e 1989).

NO= d8¢9 37 E8(air fuel fatio)oll A
A8 e (rich fuel) ¥ad ;oA Bo] B
AEw, dge FHE2E 47} 10Butd A
8341b, A 6941b A A7} 3901bo] HAHTEL
Fop (Work K: 1981, Calrect S:1984).

NO.¢j <1l dig FAsl= 6.0ppb ¢4 5
=24 AZANE s, 1ppbelslte] Fxol
ME 2—34 AotE9] 7l@AA o] F7HEItA 3
W, B dig §sx7} G, oo i As
Aol Fot g4 AHEFVIE AF Afe A9
shi A HREES doA ApgE xdste
INEFVE B4z oA Ao (Work
K ;1981, Perkins HC ;1974).

E3, NO= A8 43L& dAsn, WiF
o] FE3 g3ty AAL HAAEIE Fo F
HWUG FAsta, ¢ AR 719
#3(Work K ;1981, 717 ;1989, o715 ;1989).

2 ZAIA 7 3 (W, X, Y, Z)8) NO§ %
E 59.4—0.7pph(BF 67ppb2 A FE*(1981)
(1983'd) ¢} 112ppb—26ppb( T 67ppb) Ktk T}
g2 A%E Jehda dlon, AF(1983-
19843 =) (1986 =) A &A1 43 41.8ppb—15.
5ppb%t frAteH AES vehf it

A AR HErEAe A AA €2
w4, 7] 3&71FEX S0ppbE 2H T 293
e FFod.

SO W&ol g8ja Az oF 100X10°E—~
146 X10°80] A AMAHo=z Wy, o F
0% &L Fadte dae] d2A4 16%E
52 Ao EAEG T 3P (Perkins HC,
1974).

SO= 449 v IR FAzt2zA 37
Zoll  300—1,000ppb(0. 3—1. 00ppm) 7} FEA 54
ue =245 3, o 500pph(0.5ppm )2 EAE
Azbo] QA Hw, 3,000ppb(3.0ppm)ol 3] FE
dMEe ZTF AZe %3 AFFHA JYAS AY
I Utk

AR 3 Fse vnd T2 FEAA H
ARF. 971F 54 F7t dojd + demH,
3e & FME F71F9 d4ER, FE9
EAst le 35 FIIe B Foigol
oM B4H(GuSO,, CaS0,, MgS0, 5)3 &
At mis(HzS03, HaSO4 mist) S AAste 2 s
dol F7bsin, kel A3, 5F2Y, TFF
F A3, A5FEFV= A5, F4 4 vRd
Ash, 99, 71849, 713, 4E9FY Ft =
€ 271 #HPo] ol&H sle AS, 2 AFH
AIZHE AFA AT (Work K ;1981, =A4
1988, 7911989, Kim JC;1983).

TSP7t 100—130 g/niel 31 SO, 5 =7t 46ppb
(0.046ppm) o] A< o= sof TE7] Ao
W go] F7lete], TSPe ¥E7} 200 ug/mol
2, 2423 HFE SO.9 F=7F %ppb(0. 095ppm)
oM 4 F S2AS] FYoz A% Z
Z&o] FoRIO(HARIE, 1971).

£, SO, +549 43l Adstd ESH
Adrd e Adggtezd A2 FFH o
Zo] A& AgHQ ARE s Fop
209 (work K ;1981, Calrect S$;1984, 71+
1989, NAPCA ;1969).

Bz 2 diaHW, X, Y, Z)9 SO.¥=
= 99l #-$ 132.0ppb—8. 3ppbE T 57. 64ppb
24 AP (9348 d74, 1988)(1986d
%)8 543ppb—13ppbet VATV (FAHARAL,
1981)(19893 % )(1990d )¢l #F=o] & 47ppb
(0.047ppm) AE(1983—1984A = )(1986)9] A&
Al 44 77.5—17. 1pph & A33e FEIH, 4
2] A9 139. 4ppb—2. 6ppb H T 51. 7ppbFF
< vep At

HA AWsA HE7EAe A YA 2o
v w7187 HE71FR S0ppbE 2H3E S
o},
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HCHO= 2 Mg, waA, dad94 &
A 98FY, $2EZN Ax2FTY, AIE
FLd3 = - A EA Hegw S AzT
9, 98F4d, I9¥FY, 443Y 3o AeH
IRl 1988, FHFHHNATA
1988), @Al, WA, AZZo vax, Ay
7 2 ARAE, 434, J34AA 5 F
HEFANA AEEEe ol2r)744] e W
AAA AHRE D I AR E71etn 9L
= Aol rpea( 7] 5 A 1983, 411989, T
B4 . 1988).

A Yl e HCHOS gt 7] &4
A7 AR YA god, nFdAE
100ppb(0. 1ppb} & 7] 3 §71EA2 et §
3 it

B 2AbA 2 AW, X, Y, Z2)9 HCHO¥®
e de9 AS HyFEErl 133.73ppbaA ol
=8 7184 #E7153 100pphE A3 de 5
Folglod, AU H$ HAFEIT 162 85pph
24 29(2P4, 1988)7F AsHzlA 23
145ppbE T 97t &S $£< Yehiz 91, 2
(), 1988)0] ZA g 163. 3pphste HALE
TS BRYFan .

7] 59 ERe AAY, AWE Az, 2E
7tF 2 ARY ol A¥E AzxY, Bx 2 AR
A, BAFY A 59 AYAL v R, B
2, 749 SR, F7)BAN F2 A=,
olgex= Mg, 3}, FAZL g s
Aok, E2 59 AdYox Egdp,

2L 3 ¥, 479 27 @ THAE, 4
Aol wax] [Aseh ¢F BT A Fd, A
AL, 87 &5 2 HE 439 £ Wiz, A
&89 o, I3 FYH 7§ w9y A
TE 4oAg (Work K;1981, Calrett S:
1984).

2 ZANA ZF ol (W, X, Y, Z)8) TSPE%
= A9 AL 838ug/mo g Y] §HL7IEA
150 peg/miell wlg e F£&o9, 4“(Lim GT,
1983) (19811 ) (1983) ¢ HF 381.16 pg/mi ¥ 4
FE(HE, 1986)(1983—1984'3 £)91986) A1 A)
738 422.3—57. 3 ug/noll W]Ste] ¥ m A Fe 5

Fojth,

ofike] B4 NO; SO, HCHO, TSPY %%
E ¥sde 2FeE, Table 1: oA AA] 24
i Ao SlejAlel BA ALY F=E
NO,, S0, HCHO, TSP7t 33 EARoz &
& AolE BPon, NO, SO, HCHOE =
Aol $=7F B3, TSPx A7 =4 UEhg
th

T 5o AT FHoR 2HE AAUA
LE, $EA 37 e EANe=m {97
Zkol g veflglen, 3147 w4 Jehte R
s &4 A0 L9 ERY TR #olae W
T8UL L ETAF, A, sy, £

» BE, T T, A, AAY 5 oldd=
T B2 2959 AR Aez Ay, B
ZAMATAME Z1A0A 2, &5, 71§} o
€ Mgt T Waaglon g o9 &g
sheAE dolnmal ahgch,

A FARRFS] HCHOS 3 %+E Table 5:
A B v go], Ao AL 2x9 HCHO
o FEE ol LAY AV de Ao e
U oy, He9 FLo JAME 2%, &%
ot 247t A3t Az ARAAE el A
< - §%7F HCHOs = FHFoz =3 7113
Hog Zg3eA9 d8e FF oS0 a7
Aol § Aeolgtm AlgHU, HCHO7F $%9
YL Tede A 48R ARy, E 24}
A7 Ao YolME EFUHIE FEE
2559 dgg 3 2e A3 Az G 4
AB/AI e AL 4 5 A

T, ZAMRAA X8 SO, NOFEE A
Well slejAl A7) 7ok 48] BAE YEy
2 glend, A9dae AuEA s veldx ¢
ormg olge AHFAE +F Sy FE H
ojzo} & Aolgtm Azigch ohg, 44U - 29
Wro) 0@ FrRsE AHRYW, A 99
Ho] e H £ sle HyE 8912 A4,
Bl 2", Ao S f5, UM dFEI
LHEH #dhs WFaUdF 12 9o x® A
£9lo] Fog oz AlgHY, AUy Fxd
a7 A4E £ Je Wradeze AU 2

[
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ol 47, BNzl 9 BT S A
o} 2% H3H AEHoIH} & Aol
AU Sr1e AARINE, AR 8%

(W)

Hag, stA Ya g SH ds A o
o &71Fe ATE 5 vol g& Aol

Al dass Eolx, Ao #rFS
A EolEd, T U] £2g HAE
ZAoley, AR Anle A 4% A8 4y
2 AdHo & shte] drjede 7HEATE

do] Hrlx & Aol
ojetde A=A, duUyg 2¥9EE T
dA o]l Aol e gr)F P - dn
kel AAAA ] we A o] 12 A
sl os AZ Rog Algste uiold)h
Table 394 HoF= uHiolzto] NO,o A& P
o AUzt Aol vls EA Jelgon, o
Ao ZF 343, A3, gy S 93 a9
Ao 7115 ez Algdy, =F ¢L2g A
EES sfoF & ok
HCHO9 A%+ A gl AdoAA F3] Ay
7} =4 vdetse s, AU o7, AHE, 1=
A%, 4E7HF 5 WF SEES Ag 3
4 Fol ALY Aoz AlgHY, F

HE= oA o & Aol

(LI

<

T3, ATFZEAY] Table 4 : A E Foluis)
2 29838 T+ NO; S0.9 H$ =ow
o} do FFABAE YA =, ]
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