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Volatile organic compounds (VOCs) are present in essentially all natural and synthetic materials from petrol
to flowers. In this study, indoor and outdoor VOCs concentrations of houses, offices and internet-cafes were
measured and compared simultaneously with personal exposures of each 50 participants in Asan and Seoul,
respectively. Also, factors that influence personal VOCs exposure were statistically analyzed using
questionnaires in relation to house characteristics, time activities, and health effects. All VOCs concentrations
were measured by OVM passive samplers (3M) and analyzed with GC/MS. Target pollutants among VOCs
were Toluene, o-Xylene, m/p-Xylene, Ethylbenzene, MIBK, n-Octane, Styrene, Trichloroethylene, and
1,2-Dichlorobenzene.

Indoor and outdoor VOCs concentrations measured in Seoul were significantly higher than those in Asan
except Ethylbenzene. Residential indoor/outdoor (I/O) ratios for all target compounds ranged from 0.94 to 1.51
and I/O ratios of Asan were a little higher than those of Seoul. Relationship between personal VOCs
exposure, and indoor and outdoor VOCs concentrations suggested that time-activity pattern could affect the
high exposure to air pollutant. Factors that influence indoor VOCs level and personal exposure with regard to
house characteristics in houses were building age, inside smoking and house type. In addition insecticide and
cosmetics interestingly affected the VOCs personal exposure. Higher exposure to VOCs might be caused to be
exciting increase and memory reduction, considering the relationship between measured VOCs concentrations
and questionnaire (p<0.05).

Key words : Volatile organic compounds, Indoor air, Exposure, Time-activity pattern
Izkel ARE A AL B4 Ad

e

Corresponding  Author : Bu-Soon Son, Department of

a7 E 2H .‘_TL.‘J.H]- i =
Environmental Health Science, SoonchunHyang University, ° 712 B 01:—71] doop gl = = ydtal /2] A
Asan 336-745, Korea o F8 EAE Yrjede] Azd AAeln, 9-g
Phone : +82-41-530-1270 Ul 5 19709 ) o)F AgFEze gtz o

E-mail : sonbss@sch.ac kr

967



Y5 - &R uFo - A5 g - AEA o5 - $3A - FOA

WA 27 FEgeEN gr]ede d4Fe] T o] 462%E JHF & uFS AAstn Qo AF
7bete] HZolE FoxA9 Yo ge] AAd 4 A 9 nESFH] I HE oo 349%E Ax
otk e}, glRRe Agse AYTred 1 Yol
o] el mAE gL AY Wr|LFEY HE 2 A7 B3 718 F Ay A4

Fosithe AL AdsA] Ean 9o ddl o] e A $VHES AF gz A
A A ARG F ok 80% ol AzhE  Asie] uk e ALREA Qe 7hE(PCH) Y A
Aol BEeA HozH HHFT AWSH(In- -9 @M VOCs Y 2 A s 94
door Environment, IE)o tigk <¢deo] NEFA 272 29 %2 o mE A7FYEE 24390 £§
719 oj=yc? AW 2L UF §  FUHoE o5 £ #78L 1Y o A
A (EPANA 2% FUAZ vixE 98 & 9 U712 F At Aojrt F Aoz FAHSHE of
Qo) tAZIAF & Hofoly] ME, ARG Ze]  AA S} HEAZE] HRATE FHsio], B AT
Ae AWE7d 37140 HF 437 34 20d 5 9 Ayt FF Fr|ed2Ee »E29ste a4
b B VYT You Lyl e obHt  Hrkel vxAR FEH &7 Ageln
A REY deols) A 9PEAS 4% FE
of heiME BEsl setatx] Eatn dop” 2. oAby

73 AZAAY vpRAR MR, HAERET o 21 47O 2 dExA
Z5H W2 oldstda, vlAWA, HEAY & ofabAIg} MeAle ZA Fae Zzt duk 3
718}3HE (Volatile Organic Compounds, VOCs)o] 30011, 78 AFA F 194 % 6049 /M
AU odel ddlo] Y ooy LPBAEL w2 AT 2PGar Fd Ay - oA
Az Al Adoly WYPEF F(Sick Building ¢ VOCs 5 2 F& AFEze 7jonz: 252
Syndrome, SBS)S #2@ Fx= At AWEH 2447t 50} A ZAsAch AU 54
‘6‘0“}“] AE" VOCso FHE AW 2ed7] & 3 wxote] #AE metsty] Yste] MRz
o Bn E 42 A% Z45%3 907 Brock et AjQlwze) N7@EY A8 Boiek] Asel A
al. 9 d%oﬂ datd AWBZNA 900F ol g 5L zAEADY. AEAE PCY Fol
fz}ff”* AEEAA BA FoA 350 FF9 VOCs A2 A9, guk FHe opiltat A& Fojatso

57} 1 ppb o} FEE "}E}"“‘:}_’ LIRS A A 7HEE Z(time-activity diary)®} VOCs &3

E}g). agm, AHF7719 Abgel FdiEe A% Wl & OVM 54 AZA#7)(passive sampler)E
FASo] vzl ngIFHIYoU, FHEAHA 2 FH dgsn] wETe T 24A3 T FASYCH
HEA o Ao <ddte] VOCs, FHBIE, & AztgsEEs 23 64060075 2.5 124](24:00)
2o} Fof 93 wZo] A v YFE H  AXE NEF FYZ TA(V)IEIL, 2F 124 RE
A AAZ Yot?. 538 VOCs7t 48 £ 5F oA 67X E 1A @R BA(V)FEE .
7Y 3 3o Y F-WUHLE vE2EE T AT IAME AUE ZE R, A, £= 93
At VOCs7t Aol plxE 9Fe FAEY o 5o AEe 4u1o}910m1 94—;— AeF
2z HAHA Aoz UE F glen, 2 FAS e dnagith Auee H, AHEA, AW ¢
2E 337 AF, FHAAY oA FEAU £ 2 Z7h 3B Y% Msu g o,
At Wallace«l ATl ot FEAFANA Ao e FHIAH, AT A, 499 o2 F4i 35
VOCs9 F%E =& Bgaol 1/10°8 23  Roz YNt X3 Z - HIA o] &3 w2
e Aoz veun?, N F8xsh AFHL o] &F wE AFEE]

VOCst ©8F4F9 AF SFAE - F7184 mAsteE dhsicot. =3 A7de7 308 &
5 71el ERZA AHoHY, t7] FolM HYE F = 1A7ro)7] @R Fedx}rt 308 EE 1AL F
Aol o& AAAFENO,) T F3H8A(photo-  ¢oF T Fie] YA F AL ZFo TAFEE
chemical) 4t8} WH&-& doA AHHEY & F5  slgoh £ AN ERE AU AT X
g F7HA7Ia ”ﬂé}*‘jl d4E o7l YE & AFstd F9x 439 74 A4 2l A7HS
4ol gAolth, VOCse ZHzE WA, Redd,  azsqch
A As BA gé‘g ﬂ 350l A 20009 6€ B gL 7t #o FElo dEx 1HS o
of A4 - mASGE $evete) Aoji7lolN VOCs Aoz UwASl AgHUel, 4¥, AEE, Y
MEFe E9de dnnn, BRAge WEF  5) TUEHHTEY AFES, AFR ), 7

963



EAMW 2001 59~

A—]‘:’Z}\}E E{s}- Oa]
309 #dzte] gukA
1. AgolAE 3087 oPA7E A 66.7%, @A
7} 333%°1A 1, &A= a7 100%0190 @
HEFE ofbAI7E 20d] 83.3%, 30t 13.3%, 40
3.3%0°1 1, &A= 200 30.3%, 30th 33%, 404
30.3%, 504 6.4%°] AT, 7”%]2 BEXE oA}
A8 83.3%, 249 133%, % 34%°]91, A&
A A 0%, A 66.7%, —"r—‘%ﬂ 33.3%°]Ath.
aga gAY obAY 7t AE & d FE
2 opabAlzE 3d ujuk 700%, 39 o]4de] 30.0%
olgon, MEAE 3d vk 967%, 39 o°]/dol
3.3%°l At

3, APEA o] Ay s A
LR o i ) ]
AHES SRt
AN FAE FHE

=2

9%_4
0

Ll

o %
Fag) opbs} A&
54 thg3} 2o} (Table

oW

742}

Q]

L84

HEAE 4 ARAY
Age AA ARt
AgAe RE 47y
2e 1109, B

O

gl

o4t s}
0] =
AA

l(‘

.

l

Bt

it
ox

sk

#1882 FE L AU

deE 248 2047
Qo] HEAZ 2ASH1L

200 mw W92 thddloen PC 3 4
156 m' olsich PCHEe] 5 ¥4 n3kA)
HREE Al&3lged, W(fan)d] EfdFe
1612 WAH3 Ao we oggoen, #el 7Hs
A ZHE HAZ 10417 o3l Ao g yehstth o

N Ay

o] Z(air conditioner)& AMFACA 163, PCH2
0% 2% AxHen 37| 5 oRE b
S AR

22. &4 2 449

uHoz 7] F VOCse) ZHUYe HIg
A4 9% H(charcoal tube method), 554
A EAF 719 Tedlar bagd® ol ded, £ 47

AN 3MALl A A ZHE OVM 54 Als A3 7]
# 365008 o]&sle] Fd A, dejg MdxES
Z2x354 . VOCs F AUl A e 2ol o
A5 243 3M OVM F54 A543 7] 3500
o7 ¥ 7R FEHol 7hed EF s HAEA
o, EH*J%XE‘S Toluene, o-Xylene, m/p-Xylene,

Ethylbenzene, n-Octane, M.LB.K, 12-Dichloro-
benzene, Trichloethylene, Styrenec]$it}. ZA ol

Table 1. General characteristics of participants in houses, offices and internet-cafes

Asan(n=30) Seoul(n=30)
House Office Internet-cafe House Office Internet-cafe
(n=30) (n=10) (n=10) (n=30) (n=10) (n=10)

House type

Apartment 29 (96.7%) 16 (53.3%)

Tenement 1 ( 3.3%) NA. N-A 4 (46.7%) NA NA
Smoking

Yes 9 (30.0%) 5 (50.0%) 1(100.0%) 0 ( 0.0%) 6 (60.0°%) 1(100.0%)

No 21 (70.0%) 5 (50.0%) 0 (0.0%) 30(100.0%) 4 (40.0%) 0 (0.0%)
Construction

<3 year 21 (70.0%) 3 (30.0%) 4 (40.0%) 29 (96.7%) 2 (20.0%) 2 (20.0%)

>3 year 9 (30.0% 7 (70.0%) 6 (60.0%) 1 (33%) 8 (80.0%) 8 (80.0%)
Occupation

Student 5 (83.3%) 0 ( 0.0%) 0 ( 0.0%) 0 ( 0.0%) 0 ( 0.0%) 0 ( 0.0%)

Worker 4 (13.3%) 10(100.0%) 10(100.0%) 20 (66.79%) 10(100.0%) 10(100.0%)

Housewife 1 ( 3.4%) 0 ( 0.0%) 0 ( 0.0%) 10 (33.3%) 0 ( 0.0%) 0 ( 0.0%)
Residing period

< 05 year 6 (20.0%) 1 (10.0%) 3 (30.0%) 0 ( 0.0%) 1 (10.0%) 2 (20.0%)

05 ~1 year 18 (60.0%) 4 (40.0%) 40.0%) 6 (20.0%) 3 (30.0%) 5 (50.0%)

1 ~ 2 year 4 (13.3%) 3 (30.0%) 3 (30.0%) 1 (36.6%) 3 (30.0%) 2 (20.0%)

2 ~ 3 year 1 ( 3.3%) 1 (10.0%) 0 ( 0.0%) 13 (43.3%) 1 (10.0%) 1 (10.0%)

> 3 year 1 ( 3.3%) 1 (10.0%) 0 ( 00%) ( 0.0%) 2 (20.0%) 0 ( 0.0%)

* N.A. © Not Applicable
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Table 2. Measured VOCs concentrations of indoor, outdoor and personal exposure in houses

5 PCH] 32 wzdd 973

Asan {n=30) Seoul (n=30)
Indoor Outdoor Vo Personal Indoor Outdoor 1o Personal
(ug/m") (pg/m®) (ug/m’) {(pg/m’) (pg/m”) (ug/m’)
MeantS.D. MeanzS.D.
(Median) (Median)
17.31 18.13 33.12 170.67 147.87 193.34
poduene | oaan 120 e a3 a4 0 w21
o (13.90) (11.16) o (16.84) (54.44) (46.41) e (48.63)
B 9.32 9.12 11.43 33.45 50.52 39.49
Oolene w678 79800 slLey £7223 512 0% s
T (8.28) (6.66) - (8.98) (9.29) (9.29) o (8.08)
10.43 8387 - 10.57 27.49 3899 35.49
mh e s a3 g @ +619% 616 0% 8158
o (8.48) (6.66) o (7.98) (8.69) (8.70) e (7.78)
1.33 1.69 1.77 1.33 1.64 1.97
Flypeneene s114 075 0% A +0.71 w08 0N s
T (0.83) (0.89) o (0.99) (1.22) (1.43) e (1.22)
N 8.02 247 478 52.7 24.72 28.00
(fog?tgré%) +10.73 +2.43 &'gg +6.53 +1085 +62.18 +(1)'gg +35.72
- (1.40) (2.52) o (0.93) (0.75) (0.84) o (0.68)
* Mean, S.D. and personal are not reported if detection in <20% of samples
Table 3. Measured VOCs concentrations of indoor, outdoor and personal exposure in offices
Asan (n=10) Seoul (n=10)
Indoor Outdoor 10 Personal Indoor Outdoor e Persona]
(ug/m®) (ug/m’) (ug/m’) (zg/m”) (ug/m’) (ug/m*)
MeanzS.D. Mean+S.D.
(Median) (Median)
2876 26.07 29.10 238.39 19531 190.09
(LE%L.’GI“SQ) 205 23 b e +129.80 607600 411042
o (21.35) (16.55) e (2007 (206.02) (181.73) o (165.67)
1757 9.79 13.87 29.07 29,94 26.49
Xy o
Copyene  s1515 w659 2D :823 2942 Y S
" (11.72) (7.17) o (10.91) (28.44) (24.24) e (26.82)
13.12 7.86 12.40 2943 29.88 30.94
o X wze ssor 209 £6,09 1812 a6t T s
o (12.60) (5.96) o (10.30) (29.49) (24.24) e (30.10)
; 7.46 242 435 405 3.87 2.99
Pibylensene —ag32 - arey 09 £371 £2.13 224 o0 223
o (3.06) (2.45) a9 (3.78) (3.74) (3.37) e (2.45)
15.33 7.41 - 9.43 31.87 30.07 2294
Lo, sls a8z o0 +864 £49.63 o N V"
C (13.06) (3.54) e (6.87) (11.19) (11.19) - (8.39)

* Mean, S.D. and personal are not reported if detection in <20°%
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32. %4 Ay, 49 3 HUx=F VOCs FE
yuy BA
A 248 A, 49 2 A=) VOCs
55 Abols) YL FUAY MEdd 9% F
Ag 5 U7 BB P HEAIM ZE
Aok 9 A P 499 VOCs FESH 2 Fee
AZsHe g VOCs Aed $=8 A
¥4 BAS SR5HTable 59 Table 6. T, 4

T8 Aol A
51.4%, A& 60.7%Z vteh
Aot A Foalge QLH%J'%MHH i 24/\]7}
F B 76.8%, Ao HTF 98%F JEhAh
Toluene ofitAlell A AU - €] Spearman 4 #

. Table 4. Measured VOCs concentrations of indoor, outdoor and personal exposure in internet-cafes

Asan (n=10) Seoul (n=10)
Indoor QOutdoor 10 Persona] Indoor Outdoor 10 Personal
(pg/m®) (ug/m®) (pug/m") (ug/m”) {pg/m) (ug/m®)
MeanzS.D. Mean=S.D.
(Median) (Median)
29.88 1851 35897 218,07 230.52
Toluene 175 212 159
. +11.78 £10.09 +469.20 11568 +64.52
(LOD- L2 ayyp)  arzy 072 8 opog @ T2 (240600
1590 9.79 14.41 38.11 17.04 20.99
Cokne s019 wam % 826 25696 £ll8 oL 11365
b 1290 (1029 (12.32) (21.30) 45 ¢ (20.60)
15.06 8.83 1368 4691 39.03 41.16
mp Xlene g9 o= T B85 246 =434 L) 1786
o (10.51) (948 (10.90) (49.09) won (45.00)
426 253 456 6.02 257 349
Fibylencene w308 =167 o0 +257 £7.30 az 0 £159
o (367 (3.26) (4.69) (3.26) Q65 (350)
. 1336 11.19 10.58 29,19 2455 22.39
(fo%?t;né) £5.44 +388 +é‘$ +5.12 2497 £1526 “21 gg +831
e (12650 (1230 (8.95) (18.00) 18.27) (2095)
* Mean, S.D. and personal are not reported if detection in <20% of samples

Table 5. Correlation (Spearman’s coefficient) among
indoor, outdoor and personal exposure in
relation to VOCs concentrations in houses,

Table 6. Correlation (Spearman'’s coefficient) between
indoor, outdoor and personal exposure in
relation to VOCs concentrations in houses,

Asan Seoul
Asan Seoul
Component  Indoor/outdoor Outdoor/personal Indoor/personal Component  Indoor/outdoor Outdoor/personal Indoor/personal
Tol "r=03% r = 0472 r = 0.449 Tol r = 0.605 r = 0641 r = 0804
oluene (p=0097) (p=0031) (p=0032) ouene (p = 0001 (p=0000 (p=0000
o-Xvlene r = 0538 r = 0414 r=02% ~Xvlene r = 0653 r =033% r = 0.560
¥ (p=0021) (p=008) (p-=0200 oA (p = 0001) (p=0000 (p= 0000
- r = 0.449 r = 0474 r = 0280 - r = 0420 r = 0298 r = 0546
mXvlene (003 (p =003 (p = 0232) woXvlene 0023 (b= 0109) (= 0002
r = 0.269 r=10724 r = 0.405 r = 0279 r = 0139 r = 0.369
Ethvlbenzene (0~ 0313) (o = 0002 (p = 0.096) Bthylbenzene —(, _ 0197) (9 = 051D (p = 0076)
~ r = 0400 r = 0.286 r = 0821 _ r = 0412 r = 0.630 r = 0521
nOctane () _0505)  (p - 0535)  (p - 0.023) Qe 0555 (p = 0028 (p = 0.083)
* Correlation coefficients are not reported if detec- * Correlation coefficients are not reported if detection
tion in <20% of samples in <20% of samples
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Table 7. Relationship between expected and mea-
sured VOCs personal exposures

VOCs exposure

Measured Expected
(ug/m?) (pg/m’) ¥ p-value
(Median) (Median)
120.1£179.9 110.9+156.9 _
Toluene (372) (31.7) 01679 0.05
. 12.75£1826 895591
o-Xylene 8.09) (7.78) 0.088 0.1912
~ 2418+614  9.1246.56
m/p-Xylene (788) (707) 0.0359 04374
1.79£2.06 1.36%1.17
Ethylbenzene (1.12) (115) 01372 0.1924
_ 7.88+27.64 9.04+1845
n-Octane (056) (2.68) 03057 0.0345
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Table 8. Relationship between o-Xylene concentra-
tion, and exciting and memory effect

(S;?r?) F-value p-value
Exciting
Very frequent (n=2) 43.28
Frequent (n=6) 24.44 3903 032
Seldom (n=20) 1333
Personal o effect (n=21) 574
Memory
Severe (n=10) 65.51
Seldom (n=20) 1042 4309 019
No effect (n=18) 0.40
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