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Abstract

The study was carried out to investigate the extent of indoor air pollution in liv-
ing rooms of apartment houses(residential area) and offices(traffic area A : no
smoking space, B . smoking space) in Seoul and to determine the health signifi-
cance of indoor air pollution.

Indoor and outdoor concentrations of major air pollutants were observed
simultaneously from February 13 to 17, and July 24 to 28, 1988.

The concentrations of carbon monoxide(CO), nitrogen oxides(NOx), sulfur diox-
ide(S0,), carbon dioxide(CQO;) and total suspended particulate(TSP) in living
room and offices were measured and the results were summarized as follows :

1. Both in summer and in winter, the indoor concentrations of CO, CO,, and TSP
in offices were higher than the outdoor concentrations, on the other hand, SO,
was higher in the outdoors and NO, was lower than the outdoor concentration
only in office A where smoking is not permitted.

2. The indoor and outdoor pollution of offices in winter was significantly higher
than that in summer, and the concentrations of CO, NOx and SO, in indoor and
outdoor air in living room in winter were also higher than those in summer.

These results suggest that indoor levels of air pollutants are affected by smok-
ing and winter heating systems.
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Table 1. Indoor experimental conditions in offices and apartment house.
Conditions Number Total size Number of Total size of
Sites Space{m?®) of window of window(m?) ventilation fan ventilation fan(m?)
Office A 306 9 15.66 2 0.12
Office B 286 9 15.30 2 0.12
Living room 165 1 7.62 1 0.11
Conditions Number of
Ventilation, persons . Amount of smoking
. Smoking -

Air Changes ersons (cigarettes/hr
Sites (mins/hr) man woman P X persons)
Office A 1015 12 3 - -
Office B 6—11 12 1 5 10—-15
Living room 5—10 4 2 3 2—5




AUWF7IL GRS el mlAE Y 75

AXNHGe2e ERFTS FFHA FAXNGY
BolRE 1FE& st ofHE AU 29
EE FAsAG 4 FHAH EF A9
7l 3R ggten A2y #IEAE
TR A2 A A AFLe F¢ 4
W 3712949 FoUAdor FAHSHE @
d719 FFHAFE dotrV] Y8t FXH
AHFdE Fdol A&HA ¥e AFH A%
Fdo] s &HE AF4A BE 7R3H 2H s
How AAFHe doF7] vaA¥L 2 WE
o d@|oz AUt

FAAAY ofHfEAME 7IHES] F9 4
30U ALE dAe2 FHsHon oin
E du9 F2 2¥doZME HVI2EH,
7t2dzA], FQ Fol AN otFE w9 v
wAPoRE ofHE FAHE AU

AFEA A% Be Rdoldd HES ZE £
ol T4 F1E Hyon, FIILE 3
A ARenz 2EHSG ZE dWIT T
718 2L EAL AT & AL AFEFAY
o AtgdeolZle sy F2 AH=R2(10x4)
o Al 20m o] Eolz Eoldnt. ALF AR o}
HE EF ARAEd % AdHd @rE
1 AAL B7F L hAZLat} #FI] HE
Mg HAEY Hags 7 Aoy FHY
EE 3¢ ¥ -dHE s Adglenz RS
T A7l A9 AT ofHES FeE o
EHol FEL 5T UVE AA2HA T A
a2 F33AH.

ARAT otlmEL AU FVILEE FHA

Bl 174712 ofd 0941 REl 17A17}#] 1Y 84
4 53 HYaHon FHA7oe 19893 7Y
24 FE 79 28U7R HA ofY 094 2E
17A1742] 19 8AIZHY 53 sl Mot wetA
CO, NOy, SO, CO, 2 TSP Z 2ol 2
40702 A5 E FA.

Ay I7IeHERS A A Ay

N%2D F 1§ % FEE 272 kata B

o olx2Tt H.HF EF LEAE ok
Z4 - 4&sldon AFPA ARAFH oFE
3 E59 VFZHAL F 29 2.

22 g9y
COe ZHA® HE(unico 400)E o] L3 o
Az #@o FARO  AFAZL 4E(2

stroke) 0. 2 &} c}.

NOxE= air samplergE o] &8 Algdr|s
15L/ming] HTFHFOEZ FraA(S4sUE
F &)l FFAA AHTAo YHANL
5024 02 ATt FEEHES BRAPITA
AEHPO okFrsEdlo| XY Tl =H
st}

SO,= air samplerg o] &3 AEWHIE
H7 15L/ming} H{KHFoZ FFA(004 M
TCM &)l F-AA MHFsAdom AHHA
e S0EHEAT. RN FAHHTA
AlgyPe Aetgad Ay F3ld &35
o},
CO= HRXAFBZ(unico 400)E o] L3l

7] 2@ J7L SH7) = 1989 29 139% AR #@el JFFAFen AFPAREe 3201
Table 2. Seasonal climate conditons of each site.
Seasons Summer Winter

Climate
Sites humidity (%) air current(m/sec) humidity (%) air current(m/sec)
Office A 97.4 0.25 76.7 0.11
Office B 96.6 0.15 78.2 0.17
Office outdoor 94.9 0.54 72.7 1.66
Living room  95.9 0.20 775 0.05
APT outdoor 95.9 0.84 85.5 0.04

Each value represents the mean
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Table 3. The concentrations of air pollutants in indoor/outdoor offices and apartment house in
summer.
Pollutants co( 3
Sites ppm) NOx(ppb) SO:(ppb) CO:(ppm) TSP(x g /m*)
Office A 1.4+0.4° 13.6+7.8° ND 646 +148° 86 +25
(0.6—-3.0) (6.5—20.1) (400—1,080) (49—-100)
Office B 2.0+09™ 17.5+6.1 ND 806 +186"" 139+104"
(0.8—4.1) (9.6—29.3) (480—1,290) (40—-500)
Office outdoor 0.5+0.2 15.3+5.7 11.5+2.6 462163 73+45
(0.1—1.8) (7.1—-24.0) (8.7—24.1) (360—600) (10—200)
Living room 0.4+0.2 16.8+9.4 6.7+1.3 467 +58 94473
(0.1—-1.9) (2.0—44.1) (4.6—18.1) (390—600) (40—380)
APT outdoor 1.2+0.8 13.9+8.2 5.2+2.0 436 +66 61123
(0.5—7.0) (2.1—-29.7) (1.4-11.0) (300—550) (30—120)

Each value represents the mean +S.D.(range)
ND : Not detected, below limit in the determination

* :P<0.05 % % :P<0.01 compared with office A
b : P<0.01 compared with living room

a : P<0.05
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Table 4. The concentrations of air pollutants in indoor/outdoor offices and apartment house in

winter.
N CO(ppm) NOx(ppb) SO.(ppb) CO.(ppm)  TSP(zg/m")
Office A 3.1+1.7" 22.94+9.82 45.6+21.9" 741 +185" 137 +41°
(0.9—12.0) (15.0—39.0) (19.7—-88.7) (510—1,360) (70—-210)
Office B 4.5+2.5"" 33.4+17.0" 48.8 +25.2° 6801175 225492
(1.2-15.0) (12.7—56.8) (16.4—91.5) (470—1,250) (100—490)
Office outdoor 34421 31.2+12.1 109.2 +68.7 365165 97 +30
(0.8—11.0) (16.6 —48.0) (41.2-240.0) (310—520) (50—170)
Living room 1.2+0.7 19.5+4.6 8.8+6.3 554 +121 109+ 38
(0.5—4.0) (10.0—35.2) (4.1-29.4) (400—810) (50—2320)
APT outdoor 2.5+0.9 2454144 30.7+17.9 328+106 96+ 14
(0.7—4.1) (9.8—67.5) (4.0—80.2) (260—750) (70—150)

Each value represents the mean+S.D.(range)
ND . Not detected, below limit in the determination

* :P<0.05 %% :P<0.01
b : P<0.01

a : P<0.05

compared with office A
compared with living room
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Table 5. The differences of indoor air pollution between no smoking space and smoking space.

ollutants  CO(ppm) NOx(ppb) S0.(ppb) CO.(ppm) TSP(ug/m?)
easo:.
Sites * S W s W S W S W S W
Office A 1 1 1 1 — 1 1 1 1 1
(no smoking
space)

Office B 14 1.5 1.3 1.5 — 1.1 1.3 1 1.6 1.6
(smoking space)
S : summer . winter

Each value represents higher site concentration (mean)/lower site concentration (mean)=1 in two sites
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Table 6. The differences of indoor air pollution between offices(A, B) and living room.

S Rellutants - co(ppm) NOx(ppb) SO:(ppb) COxppm)  TSP(ug/m?)
Seasons
Sites S W S W S W S W S W
Office A 1.2 1.3 1 1 - 1.5 1.5 2.3 1.4 1.4
(no smoking

space)
Office B 1.7 1.8 1.3 15 - 1.6 1.9 2.1 2.3 2.4
(smoking space)
Living room 1 1 1 11 — 1 1 1 1 1
S ! summer . winter

Each value represents higher site concentration (mean)/the lowest site concentration (mean) =1 in three sites
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Table 7. The difference of indoor sulfur diox-
ide concentrations by operating num-

ber of ventilation fan.

Sites

Operating numeflce A Office B
0 86.0 51.8
1 41.2* 44.5
2 20.1° 26.0°

Each value represents the mean

% : P<0.05 compared with nonventilation condi-
tion

a.P<0.05 b:P<0.01
nonventilation condition

compared with
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Table 8. Variation of indoor air pollution by
air current and humidity.

Pollutants
Clima CO NOx SO, CO, TSP
conditions

Air current  0.479* 0.436* 0.466* 0.479* 0.565**
-0.157 —0.121 -0.234 -0.161 —0.230

Humidity

Each value represents the correlation coefficient
* : P<0.01 %% :P<0.001 compared with con-
centration of air pollutants in offece B
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Table 9. Predicted concentrations of carboxy-

himoglobin of blood(COHb %) by
Coburn formula according to exposed
time and concentration of carbon

monoxide.
Concentrations of Exposed Predicted
carbon monoxide(ppm) time COHb (%)
87 15 mins 1.2-28
50 30 mins 1.1-2.6
25 60 mins 1.1—-2.2
10 8 hrs 1.5-1.7

o]x @ Coburn formulad] o} B & o
A COHb &) 25-3%E Z2343}x ¢od
H AL A A 8AL ZHdle 2E2A AS
A1t F¢t 10ppmE& Z 3R] Zolop Fhrt
gy 5379 AMRA A, By d@#9 A
10ppme Z2H}sle A7 23 A2 £33
dutel vlFAFe Hg COHb %= <oF 1.2
—15%°]2 FPFAAME 3—-4%°l8 As F
Azl o 10% F3cte U E&Ye Zets
£ u ALR4 Bel o] Fxte] ¥% COHb%
7b oA ZFoll vlal g8y FobA HAoE A
o ¥R T 9FH ¥e CO FEd =&
B AgolAA % COHb %71 10% o] &el
Al BEAHE AAFSE 471X FH 2 &/ @
o AFel vAE A& Jeby o

o] Aol 93 FAxe #¥F COHb %
71 3—4%t 3 & ] FAAGAT {2
7153 qAZF BAdAE £5HFY Za 2
HHES w7e g9 F7 Tl udeHuUE
Aoz geAa ot
NOx= ¥ AFz=dxagx gtEsid 37
Z2AE #Hrse #Hihe 53] AolEdAl
Z1gAd, HA ¢ #AFY 59 2FNEE

fr i
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gggo] bl HFAUALT.

Unt A3 olMEE Ao 2 NOx ¢
& vus ¥ A3 sA@7e vl 8719
2857 B Z2HAHAM A4 FAHH] 4
719) dgavgo]l @7 vl ¥ Ao
FHUd L ¢ & AU

A7 AAR4A A9t Bol NOx ¥ x& vju
#f B o F9o AEHx FA Bel uis
AR A AoA FodA WA ZAF, Bl
B e d4A #HEsHe d71F NO 5%t
80—120ppb AE EFH AoH® YA T
(B0m*) ol 5-1071u]9] FHA NO®t NO.7
Z+7} 0.19—0.36ppm, 0.02—0.04ppm A= 72
He Aoz vand AAYES nEs £ o
ARA A Fdold egdel WAHNAY o
EQ Aoz Algdc). W olptE AHdI &
#Re vl FH NOx 2d=7F #+Z
19.5ppb, 24.5ppbe] FHE =S Yl &#H
7lo]= z+z} 16.8ppb, 13.9ppbE UElYo %
H7] A2AYW 4% 713 & o2 NO, F
TE 243t A4do| 41.8ppb 427} 30.1ppb
2 Yehd Ao axAe) nas & W F
Ad 29 Az Hol9g FHY HHFT7A
Ao F7n 34 =238 H 5 HAY d
FAAE AAHNYE AAFY 2, dYAR
dianA £ FETZEY e ¢ #7)Fo]
U 71gt 4 59 846 ug e W
o 2¥stE Ao FHAAD W] dAIHA
DEES NOx wlZelyd AAHA FA E£2
712 FAF NOx 2= A3 Fol W
2 A4 wEeE gAAG

B A3da AHYd Al24d A, Be 3¢ 4
e sl sl AudM SO.& w4
TE 2Fddo] EAIA FReonz A7
= Aue S0, £4g°] A gidev FEH7Y
A AF7|d ALF4 BB oF 42% —45%
AE9 2FGEE AR HoA velde FH7
S0, 2957 & M9 79 #AYE AF
g+ ARG

AU F71F ol4slerA(CONe FLoEYL
ZE Al 9 oiztel S EEF 8 A
AE2ZM Hegxe COMe AAd vlais
gdgol vlmAH HL Holrh. oz AW

=

3

COo, 35 AWAA, AddY, dyfeqr g
}7FgA Fo s ¥ W= AoFE g
A1 YD, YutH o FZ B o g nvlo] oatd
Ao BfHBg =74 e CO, 5=
1,000ppm —2,000ppm S 2ZA ZTEFAAYA 3§
£¥5E 1,000ppmo 2 AT oo, Ay
AL dadez CO, 55 =AA] 860ppm
Azt Bug Wange ZA#A'P9 Kusuda'®
o] ZA3<Ql 250ppm—600ppm= 2}o]7t 9leo
U g7t duzae #Ats 2 o A
£ CO9 ¥eE d&d AR dFH.

¥ d7e 74 Z2AXHANAM 2FH CO; &
Tof HYE A7, FH7] BF dorg 4
Well A9 CO, =7 4 2AHJT AYF
718 Asne AR4 A, B olmEAY
EE 479 CO, ¥x7 6] A4 uved o
E 5479 @719 8 F Fo] JJeE 4%
oA =3 AIF4A A, Bel F§ §HE7,
Fd7] 2% 1,000ppmE Z3de A7 F
3 gdslen A7 AF4 B HAFEe
806ppmo 2 FF AN <tHEtI € F=
At

A F7F FRHEI(TSP)E AU F7L
dEH F 9% R EL AXE1 don v
2 7l24 BRSO ddEAHQAY utEod g2
2LEEAEo HHP BA oo

E A7 B3 RHEZY FxE AU
217kl o] £ A #A(relationship) & HoJ
Aoz JeE 4y FUFY TSP 249 =
d oxe R F7e Y¥L FAY 5 go.

AU F71%9 TSP #4¥do2e 49 &
AZREY FUW ooz FHo R Asf E
Aste JAYER, ¢ 2 Yo =R As U
Aste WA, ANPEY oF ¢ 717 B3
AEAAoH HBs = HA Fo] A Atk
B, dutzxor  FI|F9 EdWHOIYA EF
oL} ol 2x o TSPE wjAMZE 3§78
53 A AFSA Ho HzAd FFHE
Fre 239 AT 5% Ao g8 o
&g A 51 Klaassen T 'V oJ&d &4t
g %38 HE 71F Bol 288 F U= B
Aol A7) Ium olE2A olwr & B A
o] 7P/ M M7IBAAA FZHAtn 7
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ot
B2 d7ER A F3AHNA 2% 47
vls] F8719 TSP o] of aA el A
74 A, BE Hlus & v Fdo L=
Tl TSP #571 4534 & Aoz
Ued 537 dYdEE A% J¥y Fdo
2N Y T2 MAY F+ gl

5.2 o

MEA ARAFe] £ Yyt A ZAR F
AZ olREE HFo2 Hdu FTVILYEE &
Ao o2AY AR AN wstuz A
W 71299 AER ALEEHI e 4w
4(CO), HAAZE(NOX), olF4712(S0y),

oS A(CO:) R FHFEF(Total Sus-

pended particulate ; TSP) & Aulg 424
ZAston AIR4doAe Fdd ¥
Wol A% AW FrIedY J¥E BHIA
o. $3@7de 19899 249 13Y4REH 29 17
AR dE7d = 19893 79 2449 RE 7Y
289 ZFA EFHS A E EH&HYE o
#Zo] g8 & Ut

1. F4& 383X ge AFHAIFY A%
FEAdE L AIRAMXF4A B) 2%
A A9F7)dl wis] CO, CO, TSP 59 ¥
=7t 8d7ig 87 25 ®don SO,
FErto]l HeF7eA W EUIZ NO«E=
Fdo] HEHA ge AIF4H AdAw 4
2 F7iel vl @At

2. ol E ALY A$ 8d7], AU ZF 49
F71el vl festA =4 SA3E AU FI)
2 d B & CO;(3}:467ppm, % :554ppm) 9}
TSP(3}:94pg/m? %:109ug/m3) g ov,
A &3 &5 CO (3:04ppm, F:
1.2ppm) ¢ 53719 SO.(8.8ppb) = e}t
o}.

3. AF R4 BYA -7, -7 25 CO(s
: 2.0ppm, % : 4.5ppm), NOx(3} : 17.5ppb,
%-:33.4ppb), CO: (3}:806ppm, ¥ :680ppm),
TSP(3} : 13%ug/m®, % :225ug/m3) 9] o ¢
=7 AR AHD 1.3-1.69 T =o}
Fdol FE&HE ARHY dU FUIeE=E

e 52 A& 4 + AA
4 aFEFAGA XA AIR4H A, Bt F
ARG X ofHE AHY AU F7I
REZE vag AF ALF4 A, BelAg
AU FFLEE7 1.2-234 AE ¢ =
kom 2 zole A7 CO, CO, T3
714l CO, SO, CO, ¥ TSP FolA © %8
st
5. AHFd A, B % A9 ¥F7]9 $H7 2=
= 8tdE7)el vlE RE FEFAA F&A
Eon offtE AHo AUl F7d A
o=, CO, NOx 9 SO, o] 3d7]d u
8 FH7A foAsA o U
olde A2 Hol AUl FU|EET A9
F7129Ed vis] AR gon FAd7 Iy
AR @t 2 A=V A d¥E B
e g ¥+ A
2 d7c feunie duiARAdal F24%
o Al FVILEEE Hdtn FA9 AHA
€ AXNEE 71287 HAAvt 4D EY ¢
o2 duUFriede] AA e mA= JFg9 d
T B4 AU FVILEY 848 Ao
ole] W& o] FTEHojo} i 47
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